Lifetime caffeine and adolescent nicotine exposure in mice: effects on anxiety-like behavior and reward.
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SUPPLEMENTARY MATERIAL


Dams body mass, food intake and caffeine consumption

Supplementary Table S1
	Body mass (g)

	
	PN2
	PN5
	PN8
	PN11
	PN14
	PN17
	PN20
	PN21

	CTRL
	46.5±1.8
	48.8±1.7
	50.5±1.4
	49.4±1.6
	49.9±1.7
	50.0±1.5
	48.8±2.0
	48.7±1.6

	CAF0.1
	42.5±0.9
	44.9±1.0
	45.3±0.5
	45.3±1.3
	47.7±1.8
	45.5±1.3
	45.8±1.4
	44.6±1.3

	CAF0.3
	43.9±1.6
	47.9±1.7
	48.0±1.8
	49.3±1.4
	49.5±2.0
	47.8±2.1
	48.1±1.8
	47.7±1.4


Body mass of control dams (CTRL; n = 14) or dams chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means ± S.E.M.

Supplementary Table S2
	Food intake (g) / body mass (g)

	
	PN5
	PN8
	PN11
	PN14
	PN17
	PN20
	PN21

	CTRL
	0.3±0.0
	0.4±0.0
	0.5±0.1
	0.4±0.0
	0.5±0.0
	0.6±0.0
	0.6±0.1

	CAF0.1
	0.3±0.1
	0.4±0.1
	0.4±0.1
	0.5±0.1
	0.6±0.0
	0.6±0.1
	0.7±0.1

	CAF0.3
	0.3±0.0
	0.4±0.0
	0.4±0.0
	0.5±0.0
	0.6±0.0
	0.5±0.1
	0.7±0.1


Food intake/body mass of control dams (CTRL; n = 14) or dams chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means ± S.E.M.

Supplementary Table S3
	Fluid intake (mL) / body mass (g)

	
	PN5
	PN8
	PN11
	PN14
	PN17
	PN20
	PN21

	CTRL
	0.6±0.1
	0.5±0.0
	0.7±0.1
	0.7±0.0
	0.9±0.1
	1.1±0.2
	0.8±0.1

	CAF0.1
	0.8±0.2
	0.6±0.0
	0.6±0.0
	0.7±0.1
	0.9±0.1
	1.0±0.2
	0.8±0.1

	CAF0.3
	0.5±0.1
	0.6±0.1
	0.6±0.0
	0.7±0.1
	0.9±0.1
	1.1±0.2
	0.8±0.1


Fluid intake/body mass of control dams (CTRL; n = 14) or dams chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means ± S.E.M.

Supplementary Table S4
	 
	Estimated caffeine dose (mg/Kg of body mass)

	 
	PN2
	PN5
	PN8
	PN11
	PN14
	PN17
	PN20
	PN21

	CAF0.1
	44.3±4.0
	61.1±7.8
	58.5±3.3
	67.2±5.1
	76.2±5.6
	82.1±3.3
	102.3±12.7
	87.8±12.7

	CAF0.3
	118.9±7.1
	148.4±17.5
	175.1±14.5
	175.1±8.9
	215.0±11.8
	244.1±11.9
	282.3±33.3
	271.9±3.39


Estimated doses were calculated based on fluid intake (mL) and caffeine concentration corrected by body mass (Kg). Dams were chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means ± S.E.M.
 

Offspring body mass, food intake and caffeine consumption

Supplementary Table S5
	Body mass (g)

	
	PN2
	PN5
	PN8
	PN11
	PN14
	PN17
	PN20
	PN21
	PN24
	PN27
	PN30

	CTRL
	2.0±0.1
	3.1±0.1
	4.6±0.1
	5.9±0.2
	6.8±0.2
	7.4±0.3
	8.5±0.4
	10.0±0.5
	13.1±0.6
	17.7±0.9
	21.0±1.0

	CAF0.1
	2.0±0.2
	3.4±0.2
	5.4±0.5
	6.1±0.3
	7.1±0.3
	7.8±0.4
	9.3±0.5
	10.7±0.6
	13.9±0.7
	17.9±0.9
	21.3±0.8

	CAF0.3
	2.0±0.1
	3.1±0.1
	4.3±0.1
	5.7±0.1
	6.8±0.2
	7.6±0.3
	9.0±0.4
	10.2±0.5
	12.9±0.6
	16.0±0.8
	19.4±0.8


Body mass of control offspring (CTRL; n = 14) or offspring chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means± S.E.M.

Supplementary Table S6
	Food Intake (g) / body mass (g)

	
	PN24
	PN27
	PN30

	CTRL
	0.18±0.04
	0.24±0.02
	0.23±0.01

	CAF0.1
	0.35±0.09
	0.26±0.01
	0.25±0.03

	CAF0.3
	0.25±0.03
	0.23±0.01
	0.25±0.03


Food intake/body mass of control offspring (CTRL; n = 14) or offspring chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means± S.E.M.

Supplementary Table S7
	Fluid Intake (mL) / body mass (g)

	
	PN24
	PN27
	PN30

	CTRL
	0.25±0.05
	0.38±0.06
	0.34±0.03

	CAF0.1
	0.50±0.09
	0.45±0.06
	0.49±0.06

	CAF0.3
	0.41±0.04
	0.50±0.04
	0.51±0.06


Fluid intake/body mass of control offspring (CTRL; n = 14) or offspring chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means± S.E.M.

Supplementary Table S8
	Estimated caffeine dose (mg/Kg of body mass) 

	
	PN24
	PN27
	PN30
	mean dose 

	CAF0.1
	49.1 ± 2.6
	48.2 ± 2.2
	46.1 ± 2.3
	47.8 ± 2.0

	CAF0.3
	127.9 ± 3.9
	152.6 ± 4.8
	156.1 ± 3.8
	145.6 ± 2.7


Estimated doses were calculated based on fluid intake (mL) and caffeine concentration corrected by body mass (Kg). Dams were chronically exposed to caffeine at the concentration of 0.1 g/L (CAF0.1; n = 11) or 0.3 g/L (CAF0.3; n = 14). Values are means ± S.E.M. 

Behavioral evaluations

The following set of figures shows results regarding Open Field (OF) and Conditioned Place Preference (CPP) main variables, as indicated in the main text of the manuscript, and results from secondary variables. Regarding the main variables, male and female data were consolidated in the main text and, here, they are shown segmented by sex. As for the secondary variables, both figures of consolidated data and data segmented by sex are shown here.
Since no significant interactions between Sex and the other between-subjects factors (Caffeine and Nicotine) were identified, the objective of showing male and female data separately was solely to make these data available to the readers.


Open field test

Locomotor Activity (Figure S1)
Figure S1 shows locomotor activity segmented by sex. The combined female and male data are shown in the main text as Figure 2a.

[image: ]
Figure S1: Locomotor activity of females (A) and males (B) expressed as the total number of squares crossed in the open field arena. Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12, ♂ = 10; CTRL-NIC, ♀ = 9, ♂ = 12; CAF0.1-SAL, ♀ = 9, ♂ = 11; CAF0.1-NIC, ♀ = 8, ♂ = 11; CAF0.3-SAL, ♀ = 10, ♂ = 12; CAF0.3-NIC, ♀ = 10, ♂ = 12. Values are means ± S.E.M.

Time course of locomotor activity (Figures S2 and S3)
In order to allow for the analysis of within-session variations in locomotor activity, the OF was divided into 10 consecutive 1-minute intervals (Int1 to Int10) and activity was measured within each interval. The rANOVA showed that locomotor activity varied as a function of nicotine exposure (Interval: F9,1026 = 2, p < 0.05; Interval x Nicotine: F9,1026 = 4.2, p < 0.001). Lower order ANOVAs were performed for each interval. At intervals 1-3, 5-7 and 10, mice exposed to nicotine were hyperactive when compared to mice that received saline before the test (Figure S2). At Int4, the difference was close to significance (p = 0.056). Lifetime caffeine did not affect locomotor activity. Also, there was no Sex effect or interactions (Figure S3).

[image: ]
Figure S2: Time of course of locomotor activity expressed as the total number of squares crossed in the open field arena for ten consecutive 1-minute intervals (Int1 to Int10). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12, ♂ = 10; CTRL-NIC, ♀ = 9, ♂ = 12; CAF0.1-SAL, ♀ = 9, ♂ = 11; CAF0.1-NIC, ♀ = 8, ♂ = 11; CAF0.3-SAL, ♀ = 10, ♂ = 12; CAF0.3-NIC, ♀ = 10, ♂ = 12. Values are means ± S.E.M. CS, p = 0.056; *p < 0.05, **p < 0.01, ***p < 0.001 versus saline exposed groups.
[image: ]
Figure S3: Time of course of locomotor activity expressed as the total number of squares crossed in the open field test of females (A) and males (B) for ten 1-minute consecutive intervals (Int1 to Int10). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12, ♂ = 10; CTRL-NIC, ♀ = 9, ♂ = 12; CAF0.1-SAL, ♀ = 9, ♂ = 11; CAF0.1-NIC, ♀ = 8, ♂ = 11; CAF0.3-SAL, ♀ = 10, ♂ = 12; CAF0.3-NIC, ♀ = 10, ♂ = 12. Values are means ± S.E.M.

Locomotor Activity in the periphery (Figures S4 and S5)
The uANOVA indicated that nicotine administration immediately before the OF increased locomotor activity in the periphery of the arena (F1,114 = 15; p < 0.001). No effects or interactions were detected. 
[image: ]
Figure S4: Locomotor Activity in the periphery expressed as the total number of squares crossed in the open field test. Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12 and ♂ = 10; CTRL-NIC, ♀ = 9 and ♂ = 12; CAF0.1-SAL, ♀ = 9 and ♂ = 11; CAF0.1-NIC, ♀ = 8 and ♂ = 11; CAF0.3-SAL, ♀ = 10 and ♂ = 12; CAF0.3-NIC, ♀ = 10 and ♂ = 12. Values are means ± S.E.M. ***p < 0.001.


[image: ]
Figure S5: Locomotor Activity in the periphery expressed as the total number of squares crossed in the open field test of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12 and ♂ = 10; CTRL-NIC, ♀ = 9 and ♂ = 12; CAF0.1-SAL, ♀ = 9 and ♂ = 11; CAF0.1-NIC, ♀ = 8 and ♂ = 11; CAF0.3-SAL, ♀ = 10 and ♂ = 12; CAF0.3-NIC, ♀ = 10 and ♂ = 12. Values are means ± S.E.M.

Time spent in the center squares (Figure S6) 
Figure S6 shows the time spent in the center of the OF arena, segmented by sex. The combined female and male data are shown in the main text of the manuscript as Figure 2b.
[image: ]
Figure S6: Time spent in the center of the arena in the open field test of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12 and ♂ = 10; CTRL-NIC, ♀ = 9 and ♂ = 12; CAF0.1-SAL, ♀ = 9 and ♂ = 11; CAF0.1-NIC, ♀ = 8 and ♂ = 11; CAF0.3-SAL, ♀ = 10 and ♂ = 12; CAF0.3-NIC, ♀ = 10 and ♂ = 12. Values are means ± S.E.M.

Time spent in the center of the arena relative to the number of crossed squares  (Figures S7 and S8) 
No effects or interactions were detected. 

[image: ]
Figure S7: Time spent in the center of arena relative to the total number of crossed squares in the open field test. Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12 and ♂ = 10; CTRL-NIC, ♀ = 9 and ♂ = 12; CAF0.1-SAL, ♀ = 9 and ♂ = 11; CAF0.1-NIC, ♀ = 8 and ♂ = 11; CAF0.3-SAL, ♀ = 10 and ♂ = 12; CAF0.3-NIC, ♀ = 10 and ♂ = 12. Values are means ± S.E.M.


[image: ]
Figure S8: Time spent in the center of arena relative to the total number of crossed squares in the open field test of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and, immediately before the behavioral test, received an injection of nicotine (NIC: 0.5 mg/Kg, i.p.) or saline (SAL). CTRL-SAL, ♀ = 12 and ♂ = 10; CTRL-NIC, ♀ = 9 and ♂ = 12; CAF0.1-SAL, ♀ = 9 and ♂ = 11; CAF0.1-NIC, ♀ = 8 and ♂ = 11; CAF0.3-SAL, ♀ = 10 and ♂ = 12; CAF0.3-NIC, ♀ = 10 and ♂ = 12. Values are means ± S.E.M.



Conditioned place preference test

Time spent in preferred and non-preferred chambers during the pre-test and test (Figures S9 to S12) 
[bookmark: OLE_LINK1]The Global rANOVA for the time spent in the non-preferred chamber showed a Session effect (F1,101 = 9, p < 0.01), which was affected by nicotine (Session x Nicotine: F1,101 = 5.0, p < 0.05). Lower order rANOVAs for NIC-exposed animals showed that the time spent in non-preferred chamber was affected by nicotine administration during the conditioning days (Session: F1,54 = 9.6, p < 0.01), so that mice spent more time in the non-preferred chamber during the test session (Figures S9 and S10). For SAL-exposed mice, there were no differences in the time spent in the non-preferred chamber during the pre-test and test (Figures S11 and S12).
The Global rANOVA for the time spent in the preferred chamber showed an effect of Session (F1,101 = 52, p < 0.001). Lower-order rANOVAs for both SAL-exposed (Session: F1,47 = 24, p < 0.001) and NIC-exposed animals (Session: F1,54 = 29, p < 0.001) demonstrated that the time spent in preferred chamber reduced after conditioning days (Figures S9 and S11).
[image: ]
Figure S9: Time spent in preferred (white bars) and non-preferred (gray bars) chambers during the pre-test (non-crosshatched bars) and test (crosshatched bars). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received nicotine (0.5 mg/Kg) in the non-preferred chamber during the conditioning days. CTRL, ♀ = 11 + ♂ = 10; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 9 + ♂ = 13. Values are means ± S.E.M.


[image: ]
Figure S10: Time spent in preferred (white bars) and non-preferred (gray bars) chambers during the pre-test (non-crosshatched bars) and test (crosshatched bars) of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received nicotine (0.5 mg/Kg) in the non-preferred chamber during the conditioning days. CTRL, ♀ = 11 + ♂ = 10; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 9 + ♂ = 13. Values are means ± S.E.M.


[image: ]
Figure S11: Time spent in preferred (white bars) and non-preferred (gray bars) chambers during the pre-test (non-crosshatched bars) and test (crosshatched bars). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received saline in both chambers during the conditioning days. CTRL, ♀ = 12 + ♂ = 9; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 7 + ♂ = 8. Values are means ± S.E.M.


[image: ]
Figure S12: Time spent in preferred (white bars) and non-preferred (gray bars) chambers during the pre-test (non-crosshatched bars) and test (crosshatched bars) of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received saline in both chambers during the conditioning days. CTRL, ♀ = 12 + ♂ = 9; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 7 + ♂ = 8. Values are means ± S.E.M.

CPP score for saline and nicotine-exposed groups (Figures S13 to S16)
For each experimental group, the CPP score was shown as the % change from time spent in non-preferred chamber during the pre-test. For that, time spent in non-preferred chamber in the pre-test was considered 100%. The CPP score for test session was calculated as follows: (time spent in non-preferred chamber in test session*100)/time spent in non-preferred chamber during the pre-test.
The global rANOVA for the CPP score showed “Session” (F1,101 = 7.6, p < 0.01) and Nicotine (F1,101 = 4.9, p < 0.05) effects as well as an interaction between these factors (F1,101 = 3.4, p = 0.067). A lower order rANOVA for NIC-exposed animals showed a Session effect (F1,54 = 8.5, p < 0.01) (Figures S13 and S14), while the analysis for SAL-exposed animals failed to detect significant effects (Figures S15 and S16).
[image: ]
Figure S13: CPP score represented by the percentage of change in non-preferred chamber during the pre-test (percentage calculated to be 100%) and test (black bars). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received nicotine (0.5 mg/Kg) in non-preferred chamber during the conditioning days. CTRL, ♀ = 11 + ♂ = 10; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 9 + ♂ = 13. Values are means ± S.E.M.


[image: ]
Figure S14: CPP score represented by the percentage of change in non-preferred chamber during the pre-test (percentage calculated to be 100%) and test (black bars) of females (A) and males (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received nicotine (0.5 mg/Kg) in non-preferred chamber the during conditioning days. CTRL, ♀ = 11 + ♂ = 10; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 9 + ♂ = 13. Values are means ± S.E.M.

[image: ]
Figure S15: CPP score represented by the percentage of change in non-preferred chamber during the pre-test (percentage calculated to be 100%) and test (black bars). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received saline in both chambers during the conditioning days. CTRL, ♀ = 12 + ♂ = 9; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 7 + ♂ = 8. Values are means ± S.E.M.


[image: ]
[bookmark: _GoBack]Figure S16: CPP score represented by the percentage of change in non-preferred chamber during the pre-test (percentage calculated to be 100%) and test (black bars) of females (A) and ales (B). Mice were chronically exposed to caffeine (CAF) in the drinking water at one of two concentrations (0.1 g/L or 0.3 g/L), or to filtered water (CTRL) during development and received saline in both chambers during the conditioning days. CTRL, ♀ = 12 + ♂ = 9; CAF0.1, ♀ = 8 + ♂ = 9; CAF0.3, ♀ = 7 + ♂ = 8. Values are means ± S.E.M.
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