
Table S1. Morphine-induced analgesia and respiratory depression in WT, Arr-3 KO and RMOR mice 

 
1. The AD50 values and their 95% confidence intervals were calculated from Figure 1 using Prism. 
2. The doses of morphine for respiratory measurements were the AD80 values: 8 mg/kg (WT), 6 mg/kg (Arr-3 

KO), and 1.5 mg/kg (RMOR). 
* significantly different from saline using 2-way ANOVA with Tukey’s multiple comparisons test,  
**** = P <0.0001 
 

Table S2. Peak respiratory depression by genotype 

 
* significantly different from saline using 2-way ANOVA with Tukey’s multiple comparisons test, ** = P <0.01, 
**** = P <0.0001 
  



 
Table S3. Effect of opioid agonists on arrestin-3 recruitment in vitro 

 
“ND” = Not detectable 
* significantly different from DAMGO using one-way ANOVA with Dunnett’s multiple comparisons test,  
* = P <0.05, **** = P <0.0001 
*arrestin-3 recruitment was measured in CHO cells stably expressing the µ-opioid receptor 
  



Table S4. The effects of opioid agonists on analgesia, respiratory depression and tolerance to these 
effects 

 

1. Vehicle is saline for all except TRV130. The AUC ± SEM for saline is 5072 ± 266 
2. Vehicle is 1.5% DMSO in saline for TRV130. The AUC ± SEM for 1.5% DMSO is 5311 ± 220. 
* significantly different from vehicle using one-way ANOVA with Dunnett’s multiple comparisons test,  
** = P <0.01, *** = P <0.001, **** = P <0.0001 

Table S5. Maximum respiratory depression by opioid agonists 

 

1. Maximums were compared to all other drugs with an ordinary one-way ANOVA and Tukey’s multiple 
comparisons test (ns.) 

1. Vehicle is saline for all except TRV130. The peak respiratory depression ± SEM for saline is 59.2 ± 2.8. 
2. Vehicle is 1.5% DMSO in saline for TRV130. The peak respiratory depression ± SEM for 1.5% DMSO is 

53.2 ± 4.9.  
  



 

Figure S1. High morphine is required to produce respiratory depression in 129SvJ mice (A) Respiratory 
rates in 129SvJ mice with morphine versus saline. (B) Peak respiratory rates. (Ordinary one-way ANOVA, F = 
20.79, P <0.0001).  



 

Figure S2. Correlation between the in vitro arrestin-3 recruitment or cAMP inhibition of the tested 
drugs and their respective in vivo respiratory depression and analgesic effects. Arr-3 recruitment plotted 
against peak respiratory inhibition (A) and analgesia (B). cAMP IC50 values plotted against AD50 values for (C) 
respiratory depression AUC and (D) analgesic tolerance AUC. (E) Analgesic tolerance index was the fold-shift 
of AD50 values calculated in Table 2. The respiratory depression AUC and peak inhibition were calculated from 
Figure 3D. Pearson correlation was used for the statistical analysis.   



 

 

Figure S3. WT but not RMOR mice show dependence to morphine. Mice were treated with the AD80 dose 
of morphine (Figure 1) for 8 days. 30 minutes following the last dose of morphine, mice were administered 
naloxone (5 mg/kg) and withdrawal signs were scored by investigator blind to genotype. GWS, global 
withdrawal score is the sum of all withdrawal signs equally weighted. * = P <0.05 using two-tailed student’s t-
test. 

 
 


