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Supplementary Methods 

The linear mixed effect model for fitting volume outcomes may be written as: 

 

where ID indicates mouse identification, tj represents time point, and s represents sex (+0.5 for 
females, -0.5 for males). The b terms all represent fixed effects. Coefficients with superscript 
P14, P23, P42 and P98 apply only at the indicated timepoint. Those with superscript P apply 
after commencement of treatment (i.e., at P23, P42 and P98). Coefficients with subscript 7Gy 
apply in mice receiving 7Gy only. Similarly, Met indicates coefficients applying only to mice who 
received metformin, with a distinct coefficient used for the MET16 and MET19 conditions. 
Terms with subscript Age represent linear growth with age, with origin centered on to (adjusted 
to P23 or P98 so that the “intercept” coefficients represent differences at the respective time 
point). Terms with subscript sex represent differences between males and females (with 
positive larger in females and negative larger in males). The gID term represents a random 
effect for each mouse. The “:” indicates interaction coefficients, and were the basis for 
generation of Figures 4 and 5 in the results. 
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Supplementary Figures 

 

Supplementary Figure S.1 Sex-dependent differences in brain development after irradiation. 

Comparison of neuroanatomical outcomes in males and females after irradiation were 

evaluated based on the interaction of sex and radiation (SEX:7Gy). In (A), a colour map shows 

all structures that had a significant volume difference in radiation-induced volume change 

between males and females (FDR<10%). In (B-G), individual plots compare structure volumes 

between sexes, evaluating early (P23-P14) and long-term (P98-P23) volume differences, and the 

final P98 volumes. To better visualize the contribution of sex on radiation across all groups in 
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these plots, volumes were plotted after adjustments to subtract the fitted metformin 

treatment effects. At the early time point (A, E), a larger volume was observed in irradiated 

males relative to irradiated females in several regions including the primary motor cortex, 

shown in (E,F,G). On the other hand, an increased long-term growth was observed in females in 

some structures, predominantly cerebellar regions including lobule 6, which resulted in a 

significant increase in volume at P98 compared to males. Black points and error bars represent 

the mean volume and bootstrapped 95% confidence intervals. Small coloured dots represent 

individual structure volumes after subtraction of metformin treatment effects. Abbreviation: L6 

= Lobule 6: Declive, M1 = Primary Motor Cortex, VEH = treated with vehicle, MET16 = treated 

with metformin at P16, MET19 = treated with metformin at P19, 0Gy = unirradiated, 7Gy = 

irradiated with a 7 Gy dose. 
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Supplementary Figure S.2 The impact of delayed metformin treatment on brain development. 

In (A), a colour map overlay shows all structures that had a significant volume difference in 

MET19-treated mice compared to VEH-treated mice (FDR<10%). Slice position matches Figure 

3. There was a subtle effect of MET19 on the brain in 0-Gy mice at P23 (early). Enhanced 

growth rate was observed in regions of the cerebellum, and habenular commissure, leading to 

increased volumes by P98. Representative plots of the habenular commissure (B,C,D) and trunk 

of lobules 1-3 white matter (cerebellum) (E,F,G) show no significant early volume change as 

visualized by the P23-P14 volume difference in (B,E). Increased growth rate and long-term 
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outcome is significantly increased in both structures, as shown by the P98-P23 volume 

differences (C,F). This results in increased volume by the final P98 time point (D,G). Treatment 

effects within the fitted model are represented as the average of males and females. Black 

points and error bars represent the mean volume and bootstrapped 95% confidence intervals. 

Smaller coloured dots represent individual brain volumes. Abbreviation: hbc = habenular 

commissure, trunk of lobules 1-3 white matter = L13, VEH = treated with vehicle, MET19 = 

treated with metformin at P19, for 14 days.  
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Supplementary Figure S.3 BrdU-positive, NeuN-negative cell counts within the dentate gyrus of 

the hippocampus for unirradiated (VEH-0Gy, n=9; MET16-0Gy, n=3, MET19-0Gy, n=4) or 

irradiated (VEH-7Gy, n=8; MET16-7Gy, n=4, MET19-7Gy, n=4) mice. A significant decrease in 

BrdU-positive, NeuN-negative cells is observed with MET16 treatment in irradiated mice 

compared to VEH controls (** p<0.01, Student's t test). Coloured bars represent means, whereas 

small black circles and triangles represent individual male or female mice, respectively. Error 

bars are SEM. Abbreviation: VEH = treated with vehicle, MET16 = treated with metformin at 

P16, MET19 = treated with metformin at P19, 0Gy = unirradiated, 7Gy = irradiated with a 7 Gy 

dose. 
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Supplementary Figure S.4 Within the corpus callosum (A, B), there is loss of proliferative 

(BrdU-positive) cells and new-born/proliferative oligodendrocytes (BrdU/Olig2-positive) at 42 

days of age after irradiation. An increase in BrdU-positive and BrdU/Olig2-positive cells is 

observed with MET16 mice compared with VEH control and MET19 mice. A significant 

decrease in BrdU-positive and BrdU/Olig2-positive cells is seen in irradiated mice in all 3 groups 

compared to non-irradiated controls. Coloured bars represent means and black circles and 

triangles represent individual male and female mice respectively. Error bars are SEM. 

Abbreviation: VEH = treated with vehicle, MET16 = treated with metformin at P16, MET19 = 

treated with metformin at P19. (*p <0.01, **p <0.001, two-way ANOVA with Bonferroni post-

hoc analysis).  
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Supplementary Figure S.5 The impact of sex differences in metformin treatment on brain 

development. In (A), a colour map overlay shows all structures that had a significant volume 

difference in MET16-treated mice compared to VEH-treated mice (FDR<10%). Slice position 

matches Figure 3. Comparison of neuroanatomical outcomes in males and females after 

metformin treatment were evaluated based on the interaction of sex and metformin 

(SEX:MET16). In (A), a colour map shows all structures that had a significant volume difference 

in metformin-induced volume change between males and females (FDR<10%). In (B-G), 

individual plots compare structure volumes between sexes, evaluating early (P23), growth rate 

(P98-P23), and P98 differences. Presented are representative plots of the medial parietal 

association cortex (MPtA) (B,C,D) and lobules 4-5:culmen (L45) (E,F,G). At the early time point, a 
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relatively larger volume was observed in metformin-treated males in the MPtA (B). An 

increased growth rate is observed in L45 in females (F), resulting in an increased volume by the 

final P98 time point (G). Treatment effects within the fitted model are represented as the 

average of males and females. Black points and error bars represent the mean volume and 

bootstrapped 95% confidence intervals. Smaller coloured dots represent individual brain 

volumes. Abbreviation: MPtA = medial parietal association cortex, L45 = lobules 4-5:culmen of 

the cerebellum, VEH = treated with vehicle, MET16 = treated with metformin at P16, for 14 

days. 
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Supplementary Figure S.6 The impact of sex differences in delayed metformin treatment on 

brain development. In (A), a colour map overlay shows all structures that had a significant 

volume difference in MET19-treated mice compared to VEH-treated mice (FDR<10%). Slice 

position matches Figure 3. Comparison of neuroanatomical outcomes in males and females 

after metformin treatment were evaluated based on the interaction of sex and metformin 

(SEX:MET19). In (A), a colour map shows all structures that had a significant volume difference 

in metformin-induced volume change between males and females (FDR<10%). In (B-G), 

individual plots compare structure volumes between sexes, evaluating early (P23), growth rate 
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(P98-P23), and P98 differences. Representative plots of the third ventricle (B,C,D) and fourth 

ventricle (E,F,G).  At the early time point, a relatively larger volume was observed in metformin-

treated males in the fourth ventricle (E). An increased growth rate is observed in the third 

ventricle in males (C), resulting in an increased volume by the final P98 time point (D). 

Treatment effects within the fitted model are represented as the average of males and females. 

Black points and error bars represent the mean volume and bootstrapped 95% confidence 

intervals. Smaller coloured dots represent individual brain volumes. Abbreviation: 3V = third 

ventricle, 4V = fourth ventricle, VEH = treated with vehicle, MET19 = treated with metformin at 

P19, for 14 days. 
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Supplementary Tables 
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Supplementary Table S.1 Table of 159 segmented atlas structures affected by irradiation. 

Columns of the table contain information for the coefficient estimates for age, radiation, sex, 

interaction terms and corresponding test statistics: p value (p) and FDR adjusted p values (q).  
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Supplementary Table S.2 Table of 159 segmented atlas structures affected by metformin 

treatment (MET16). Columns of the table contain information for the coefficient estimates for 

metformin treatment, interactions with age or radiation and corresponding test statistics: p 

value (p) and FDR adjusted p values (q). 
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Supplementary Table S.3 Table of 159 segmented atlas structures affected by metformin 

treatment (MET19). Columns of the table contain information for the coefficient estimates for 

metformin treatment, interactions with age or radiation and corresponding test statistics: p 

value (p) and FDR adjusted p values (q). 
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Supplementary Table S.4 Table of 159 segmented atlas structures. Columns of the table 

contain information for the coefficients estimates for the three-way or four-way interaction 

effects of sex, radiation, age and metformin treatment (MET16) and corresponding test 

statistics: p value (p) and FDR adjusted p values (q).  
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Supplementary Table S.5 Table of 159 segmented atlas structures. Columns of the table 

contain information for the coefficients estimates for the three-way or four-way interaction 

effects of sex, radiation, age and metformin treatment (MET19) and corresponding test 

statistics: p value (p) and FDR adjusted p values (q). 

 


