SUPPLEMENTAL MATERIALS

Title: Multi-generational exposure to glyphosate and glyphosate-based herbicides induces neurobehavioral alterations in Sprague-Dawley rats.
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Supplemental Table 1. Summary of Glyphosate-Based Herbicide (GBH) exposure effects on activity and behavior outcomes in the Open Field test. Summary reflects results from mixed model analyses for each class of GBH, with GBH treatment, sex, and treatment x sex interaction as model main effects.
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1. Treatment effect = low, medium, or high dose versus controls (p<0.05). ‘---’ indicates no statistically significant effect (p>0.05).
2. Sex effect = Relative difference between sexes, or greater treatment effect in one sex versus the other (p<0.05).
3. Treatment x sex interaction = Treatment effect greater in the sex indicated (p<0.05; see text).
[image: ]Supplemental Table 2. Summary of mixed model ANOVA analyses of Glyphosate-Based Herbicide (GBH) exposure effects on outcomes in the Open Field, Balance Beam, Grip Strength, and Passive Avoidance tests. Summary reflects results for each class of GBH, with GBH treatment, sex, and treatment x sex interaction as model main effects. ‘Source’ = model main effect, ‘Nparm’ = number of model parameters (n-1), ‘DFNum’ = numerator degrees of freedom, ‘DFDen’ = denominator degrees of freedom, ‘F Ratio’ = model F statistic, ‘Prob>F’ = p-value.

Supplemental Table 2 (Con’t).
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Open Field

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Time in Wall 

Zone/Total Time 

Group 3 3 87 1.886 0.1378 Group

3 3 87

3.873 0.0119 Group

3 3 85

7.036 0.0003

Sex 1 1 87 1.755 0.1887 Sex

1 1 87

1.090 0.2995 Sex

1 1 85

0.028 0.8665

Sex*Group 3 3 87 0.498 0.6846 Sex*Group

3 3 87

1.926 0.1312 Sex*Group

3 3 85

1.928 0.1311

Average Speed in 

Wall Zone/Total

Group 3 3 84 0.469 0.7048 Group

3 3 86

3.189 0.0277 Group

3 3 83

0.751 0.5249

Sex 1 1 84 0.518 0.4737 Sex

1 1 86

16.458 0.0001 Sex

1 1 83

0.349 0.5562

Sex*Group 3 3 84 1.628 0.1891 Sex*Group

3 3 86

6.363 0.0006 Sex*Group

3 3 83

1.035 0.3814

Wall Zone Distance/ 

Total Distance

Group 3 3 85 4.462 0.0058 Group 3 3 85 2.136 0.1016 Group 3 3 83 6.358 0.0006

Sex 1 1 85 7.176 0.0089 Sex 1 1 85 6.044 0.016 Sex 1 1 83 1.528 0.2200

Sex*Group 3 3 85 1.211 0.3108 Sex*Group 3 3 85 0.431 0.7316 Sex*Group 3 3 83 0.882 0.4541

Grooming Behavior

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Time Grooming 

Group 3 3 88 0.459 0.7116 Group

3 3 88

0.269 0.8478 Group

3 3 88

1.078 0.3627

Sex 1 1 88 1.392 0.2412 Sex

1 1 88

5.843 0.0177 Sex

1 1 88

4.072 0.0466

Sex*Group 3 3 88 0.520 0.6695 Sex*Group

3 3 88

1.027 0.3847 Sex*Group

3 3 88

0.103 0.9583

Grooming Touches

Group 3 3 88 3.032 0.0335 Group

3 3 88

2.283 0.0846 Group

3 3 88

2.445 0.0693

Sex 1 1 88 0.580 0.4482 Sex

1 1 88

3.181 0.0779 Sex

1 1 88

0.656 0.4200

Sex*Group 3 3 88 0.359 0.7827 Sex*Group

3 3 88

0.793 0.5013 Sex*Group

3 3 88

1.063 0.3688

Time Grooming in 

Wall Zone

Group 3 3 88 0.210 0.8892 Group

3 3 88

0.998 0.3976 Group

3 3 88

0.601 0.6160

Sex 1 1 88 0.588 0.4451 Sex

1 1 88

8.621 0.0042 Sex

1 1 88

3.569 0.0622

Sex*Group 3 3 88 0.170 0.9167 Sex*Group

3 3 88

1.843 0.1452 Sex*Group

3 3 88

0.696 0.5572

Time Grooming in 

Center Zone

Group 3 3 88 1.508 0.2181 Group

3 3 88

1.862 0.142 Group

3 3 88

3.394 0.0214

Sex 1 1 88 0.728 0.3959 Sex

1 1 88

0.280 0.5978 Sex

1 1 88

0.334 0.5649

Sex*Group 3 3 88 1.220 0.3073 Sex*Group

3 3 88

2.156 0.0989 Sex*Group

3 3 88

1.271 0.2894

Grooming Touches in 

Wall Zone

Group 3 3 88 3.292 0.0243 Group

3 3 88

3.647 0.0157 Group

3 3 88

6.437 0.0005

Sex 1 1 88 0.493 0.4843 Sex

1 1 88

0.215 0.6442 Sex

1 1 88

0.274 0.6017

Sex*Group 3 3 88 0.842 0.4747 Sex*Group

3 3 88

0.716 0.545 Sex*Group

3 3 88

1.052 0.3738

Grooming Touches in 

Center Zone

Group 3 3 88 2.080 0.1086 Group

3 3 88

0.289 0.8333 Group

3 3 88

1.474 0.2270

Sex 1 1 88 0.059 0.8093 Sex

1 1 88

7.776 0.0065 Sex

1 1 88

3.272 0.0739

Sex*Group 3 3 88 0.775 0.5111 Sex*Group

3 3 88

1.785 0.1558 Sex*Group

3 3 88

1.931 0.1304

Syntactic/Total 

Grooming Events

Group 3 3 88 10.362 <.0001 Group 3 3 88 9.400 <.0001 Group 3 3 88 11.755 <0.0001

Sex 1 1 88 16.700 <.0001 Sex 1 1 88 25.158 <.0001 Sex 1 1 88 20.751 <0.0001

Sex*Group 3 3 88 6.691 0.0004 Sex*Group 3 3 88 3.550 0.0177 Sex*Group 3 3 88 4.596 0.0049

Balance Beam

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Time to Cross Group 3 3 76.5 1.217 0.3092 Group 3 3 77.9 2.221 0.0923 Group 3 3 72.7 1.680 0.1789

Sex 1 1 77 0.000 0.9947 Sex 1 1 77.9 0.013 0.9096 Sex 1 1 72.8 2.797 0.0987

Sex*Group 3 3 76.5 1.476 0.2277 Sex*Group 3 3 77.9 0.730 0.5373 Sex*Group 3 3 72.7 0.953 0.4195

Falls Group 3 3 82.3 0.908 0.4411 Group 3 3 80.7 1.445 0.236 Group 3 3 71.6 0.507 0.6787

Sex 1 1 83.4 0.088 0.7674 Sex 1 1 80.9 6.222 0.0147 Sex 1 1 72.1 4.788 0.0319

Sex*Group 3 3 82.3 0.574 0.6338 Sex*Group 3 3 80.7 0.207 0.8915 Sex*Group 3 3 71.6 0.814 0.4902

Grip Strength

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Forelimb grip 

strength

Group 3 3 88 3.025 0.0338 Group 3 3 88 1.666 0.1802 Group 3 3 88 1.768 0.1591

Sex 1 1 88 4.088 0.0462 Sex 1 1 88 0.080 0.7781 Sex 1 1 88 2.521 0.1159

Sex*Group 3 3 88 0.565 0.6395 Sex*Group 3 3 88 1.561 0.2045 Sex*Group 3 3 88 2.115 0.104

Hindlimb grip 

strength

Group 3 3 88 0.136 0.9383 Group 3 3 88 1.934 0.1300 Group 3 3 88 0.085 0.9679

Sex 1 1 88 22.094 <0.0001 Sex 1 1 88 37.057 <0.0001 Sex 1 1 88 45.846 <0.0001

Sex*Group 3 3 88 2.394 0.0738 Sex*Group 3 3 88 4.796 0.0038 Sex*Group 3 3 88 5.491 0.0017

Passive Avoidance

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Latency Difference

Group 3 3 85 0.561 0.642 Group 3 3 87 1.000 0.397 Group 3 3 83 0.412 0.745

Sex 1 1 85 2.234 0.139 Sex 1 1 87 0.224 0.637 Sex 1 1 83 0.303 0.583

Sex*Group 3 3 85 1.634 0.187 Sex*Group 3 3 87 1.019 0.388 Sex*Group 3 3 83 0.577 0.632
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Body Weight

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Body Weight

Group 3 3 88 0.662 0.5777 Group 3 3 88 2.17 0.0968 Group 3 3 88 5.86 0.0011

Sex 1 1 88 272.6 <0.0001 Sex 1 1 88 403.46 <0.0001 Sex 1 1 88 352.7 <0.0001

Sex*Group 3 3 88 0.334 0.8011 Sex*Group 3 3 88 1.27 0.2885 Sex*Group 3 3 88 1.08 0.3607

Open Field

Outcome

Source NparmDFNumDFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F Source Nparm DFNum DFDen F Ratio Prob > F

Total Distance

Group 3 3 87 2.007 0.119 Group 3 3 87 0.894 0.4479 Group 3 3 85 0.435 0.7283

Sex 1 1 87 41.371 <0.0001 Sex 1 1 87 72.263 <.0001 Sex 1 1 85 57.710 <0.0001

Group*Sex 3 3 87 2.024 0.1164 Group*Sex 3 3 87 0.352 0.7881 Group*Sex 3 3 85 0.477 0.6994

Avgerage Speed

Group 3 3 87 2.019 0.1172 Group 3 3 87 0.850 0.4706 Group 3 3 85 0.458 0.7126

Sex 1 1 87 41.878 <0.0001 Sex 1 1 87 71.370 <.0001 Sex 1 1 85 56.456 <0.0001

Group*Sex 3 3 87 1.976 0.1236 Group*Sex 3 3 87 0.396 0.7562 Group*Sex 3 3 85 0.459 0.7120

Total Freezing 

Episodes

Group 3 3 84 2.806 0.0446 Group

3 3 87

1.828 0.148 Group

3 3 86

1.387 0.2523

Sex 1 1 84 0.005 0.9463 Sex

1 1 87

2.184 0.143 Sex

1 1 86

0.266 0.6075

Group*Sex 3 3 84 3.713 0.0146 Group*Sex

3 3 87

3.344 0.0228 Group*Sex

3 3 86

1.398 0.2489

Time in Wall Zone 

Group 3 3 87 1.886 0.1378 Group 3 3 87 3.873 0.0119 Group 3 3 85 7.250 0.0002

Sex 1 1 87 1.755 0.1887 Sex 1 1 87 1.090 0.2995 Sex 1 1 85 0.093 0.7610

Group*Sex 3 3 87 0.498 0.6846 Group*Sex 3 3 87 1.926 0.1312 Group*Sex 3 3 85 2.175 0.0969

Distance in Wall 

Zone

Group 3 3 85 2.723 0.0493 Group

3 3 85

0.238 0.8696 Group

3 3 83

2.123 0.1035

Sex 1 1 85 51.330 <0.0001 Sex

1 1 85

77.222 <0.0001 Sex

1 1 83

53.809 <0.0001

Group*Sex 3 3 85 2.274 0.0858 Group*Sex

3 3 85

1.282 0.2859 Group*Sex

3 3 83

0.936 0.4270

Average Speed in 

Wall Zone

Group 3 3 83 1.051 0.3744 Group

3 3 86

0.998 0.3977 Group

3 3 83

0.702 0.5538

Sex 1 1 83 4.135 0.0452 Sex

1 1 86

82.985 <.0001 Sex

1 1 83

54.140 <0.0001

Sex*Group 3 3 83 1.111 0.3493 Sex*Group

3 3 86

1.760 0.1608 Sex*Group

3 3 83

1.330 0.2701

Avgerage Visit 

Duration Wall Zone

Group 3 3 86 3.180 0.028 Group 3 3 88 6.449 0.0005 Group 3 3 84 2.715 0.0499

Sex 1 1 86 6.080 0.0157 Sex 1 1 88 14.046 0.0003 Sex 1 1 84 5.460 0.0218

Group*Sex 3 3 86 2.025 0.1163 Sex*Group 3 3 88 1.016 0.3895 Sex*Group 3 3 84 0.725 0.5397

Time Immobile in 

Wall Zone

Group 3 3 83 1.051 0.3744 Group 3 3 87 4.262 0.0074 Group 3 3 83 6.186 0.0008

Sex 1 1 83 4.135 0.0452 Sex 1 1 87 16.084 0.0001 Sex 1 1 83 11.948 0.0009

Sex*Group 3 3 83 1.111 0.3493 Sex*Group 3 3 87 1.78829 0.1553 Sex*Group 3 3 83 1.886 0.1382

Freezing Time in Wall 

Zone

Group 3 3 84 1.500 0.2206 Group 3 3 86 4.901 0.0034 Group 3 3 81 6.924 0.0003

Sex 1 1 84 0.714 0.4006 Sex 1 1 86 0.919 0.3405 Sex 1 1 81 0.716 0.3999

Group*Sex 3 3 84 3.115 0.0305 Sex*Group 3 3 86 0.653 0.5832 Sex*Group 3 3 81 1.104 0.3526

Entries in Center 

Zone

Group 3 3 88 1.673 0.1786 Group

3 3 88

2.622 0.0556 Group

3 3 86

0.944 0.4230

Sex 1 1 88 3.876 0.0521 Sex

1 1 88

16.262 0.0001 Sex

1 1 86

13.064 0.0005

Sex*Group 3 3 88 1.605 0.1941 Sex*Group

3 3 88

0.543 0.6543 Sex*Group

3 3 86

1.006 0.3944

Time in Center Zone

Group 3 3 87 1.886 0.1378 Group

3 3 87

3.873 0.0119 Group

3 3 85

6.944 0.0003

Sex 1 1 87 1.755 0.1887 Sex

1 1 87

1.090 0.2995 Sex

1 1 85

0.018 0.8947

Group*Sex 3 3 87 0.498 0.6846 Group*Sex

3 3 87

1.926 0.1312 Group*Sex

3 3 85

1.859 0.1426

Distance in Center 

Zone

Group 3 3 86 2.884 0.0404 Group

3 3 86

2.516 0.0636 Group

3 3 85

1.923 0.1320

Sex 1 1 86 20.914 <0.0001 Sex

1 1 86

34.528 <0.0001 Sex

1 1 85

40.377 <0.0001

Group*Sex 3 3 86 2.363 0.0768 Group*Sex

3 3 86

0.824 0.4843 Group*Sex

3 3 85

1.266 0.2911

Average Visit 

Duration Center Zone

Group 3 3 85 1.421 0.2422 Group

3 3 85

1.032 0.3827 Group

3 3 82

4.564 0.0052

Sex 1 1 85 6.069 0.0158 Sex

1 1 85

3.507 0.0645 Sex

1 1 82

7.484 0.0076

Sex*Group 3 3 85 1.237 0.3015 Sex*Group

3 3 85

1.106 0.3513 Sex*Group

3 3 82

2.244 0.0893

Time Immobile in 

Center Zone

Group 3 3 87 1.925 0.1315 Group

3 3 87

4.043 0.0097 Group

3 3 84

8.140 <0.0001

Sex 1 1 87 8.486 0.0045 Sex

1 1 87

0.116 0.7341 Sex

1 1 84

1.591 0.2107

Sex*Group 3 3 87 0.495 0.6866 Sex*Group

3 3 87

2.729 0.0488 Sex*Group

3 3 84

3.495 0.0191

Time Freezing in 

Center Zone

Group 3 3 79 1.241 0.3003 Group

3 3 81

1.380 0.2547 Group

3 3 78

4.448 0.0061

Sex 1 1 79 0.030 0.8637 Sex

1 1 81

4.513 0.0367 Sex

1 1 78

3.611 0.0611

Sex*Group 3 3 79 0.021 0.9959 Sex*Group

3 3 81

1.719 0.1696 Sex*Group

3 3 78

1.813 0.1517
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