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Supplemental Methods 

Pharmacokinetics - Pharmacokinetic studies were performed at ChemPartner Co. (Shanghai, 
China), under protocols reviewed and approved by the Institutional Animal Care and Use 
Committee. The pharmacokinetic (PK) profile of TRV0109101 was evaluated in mice, rats, 
dogs, and cynomolgus monkeys by several routes of administration. Plasma (all species) and 
brain levels (mouse) of TRV0109101 were determined using LC-MS/MS bioanalytical methods. 
Pharmacokinetic parameters from all studies were calculated using WinNonlin v6.2 software 
(Pharsight Corporation, CA); data are presented in Supplemental Table 3.  

Mouse PK studies - Studies were conducted to determine the PK and bioavailability of 
TRV0109101 following a single intravenous (i.v.), subcutaneous (s.c.) or oral gavage (p.o.) dose 
in male C57Bl/6 mice (n=24 per dose route).  Dosing solutions were prepared by dissolving 
TRV0109101 in 10% ethanol and 10% cremophor and 80% sterile water.  Mice received an i.v. 
dose of 3 mg/kg TRV0109101 in a 5 mL/kg dose volume, a s.c. dose of 10 mg/kg TRV0109101 
in a 10 mL/kg dose volume, or a 10 mg/kg oral dose of TRV0109101 in a 10 mL/kg dose 
volume.  Blood was collected into K2EDTA tubes predose and 0.083, 0.25, 0.5, 1, 2, 4 and 8 hr 
postdose via retro-orbital puncture from 3 mice per dose group and processed to plasma.  Brain 
samples were collected and snap frozen on dry ice. 

Rat PK studies -  

Single administration studies 

The pharmacokinetic profile of TRV0109101 was determined following a single i.v. or s.c. dose 
in male Sprague Dawley rats (n=3 per dose route).  Dosing solutions were prepared by 
dissolving TRV0109101 in 10% ethanol and 10% cremophor and 80% sterile water.  Rats 
received an i.v. dose of 3 mg/kg TRV0109101 in a 1 mL/kg dose volume, or a s.c. dose of 1 
mg/kg TRV0109101 in a 1 mL/kg dose volume.  Blood was collected into K2EDTA tubes 
predose and 0.083, 0.25, 0.5, 1, 2, 4 and 8 hr postdose via retro-orbital puncture from 3 rats per 
dose group and processed to plasma.  

Intravenous infusion studies 

The pharmacokinetic profile of TRV0109101 was determined following i.v. infusion in male 
Sprague Dawley rats (n=3).  Dosing solutions were prepared by dissolving TRV0109101 in 5% 
ethanol, 5% cremophor and 90% D5W (5% dextrose in water).  Rats were infused for 6 hours 
via the femoral vein with TRV0109101 at a rate of 2 or 5 mg/kg/hr.  Blood was collected into 
K2EDTA tubes predose and 0.083, 0.25, 0.5, 1, 2, 4 and 8 hr postdose via implanted cannula in 
the jugular vein from 3 rats per dose group and processed to plasma. 

Dog PK studies - The pharmacokinetic profile of TRV0109101 was determined following a 
single i.v. dose in male beagle dogs (n=3).  Dosing solutions were prepared by dissolving 
TRV0109101 in 10% ethanol and 90% saline.  Dogs received an i.v. dose of 1 mg/kg 
TRV0109101 via cephalic vein injection in a 1 mL/kg dose volume.  Blood was collected into 
K2EDTA tubes predose and 0.083, 0.25, 0.5, 1, 2, 4, 8, 12 and 24 hr postdose from a cephalic 
or saphenous vein and processed to plasma.  
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Monkey PK studies - The pharmacokinetic profile of TRV0109101 was determined following a 
single i.v. dose in male cynomolgus monkeys (n=3).  Dosing solutions were prepared by 
dissolving TRV0109101 in 10% ethanol and 10% cremophor and 80% sterile water.  Monkeys 
received an i.v. dose of 3 mg/kg TRV0109101 via cephalic vein injection in a 1 mL/kg dose 
volume.  Blood was collected into K2EDTA tubes predose and 0.083, 0.25, 0.5, 1, 2, 4, 8, 12 
and 24 hr postdose from a cephalic or saphenous vein and processed to plasma.  

Hot plate - Mouse and rat hot plate assays were adapted from (Tyers, 1980) and performed as 
previously described (Dewire et al., 2013). Animals were allowed to acclimate to the vivarium for 
48 hour prior to assay. Animals were placed individually on a heated surface (56°C for mice, 
52°C for rats) and the time interval between placement and a shaking, licking, or tucking of the 
hind paw was recorded as the baseline latency response. Post-drug latencies were recording 30 
minutes after administration (s.c.) of vehicle (10:10:80), TRV0109101 or morphine with a 
maximal latency time set at 30 seconds. MPE was calculated as outlined in Methods. 

Rat Tail-flick - The tail-flick assay was performed as previously described (Dewire et al., 2013). 
Male Sprague-Dawley rats (200–250 g) were allowed to acclimate to the vivarium for 48 hour 
prior to surgery. Briefly, animals were randomly assigned to vehicle (10:10:80), TRV0109101, or 
morphine treatment groups. Each animal was tested to determine the baseline response before 
drug treatment. Rats were gently restrained using a towel and the distal third of the tail was 
placed on the tail-flick apparatus (Columbus Instruments, Columbus, OH). Baseline temperature 
was set to a thermal stimulus that would produce a consistent baseline response of 3–6 
seconds. The latency of the rat to withdraw the tail from the radiant thermal stimulus was 
recorded. At 30 minutes postdrug (s.c.,), animals were retested. A cutoff time of 15 seconds 
was used to prevent injury to the animal. MPE was calculated as described in materials and 
methods. 

Rat incisional Pain - The incisional pain assay was performed as previously described (Dewire 
et al., 2013). Male Sprague-Dawley rats (200–250 g) were acclimated for 48 hour priosr to 
surgery. Twenty-four hours after surgery, animals were randomly assigned to vehicle 
(10:10:80), TRV0109101, or morphine treatment groups. All compounds were administered i.v. 
as a bolus in the rat tail (1 ml/kg). Tactile sensitivity (paw withdrawal threshold) for the injured 
hindpaw was assayed using von Frey filaments and the up/down method previously described 
[19; 28]. Mechanical allodynia was measured 30 minutes after drug administration. 

Glass Bead Colonic Motility Assay - The glass bead colonic motility assay was performed as 
described in (Dewire et al., 2013)]. Mice (male C57BL/6J, 20–25 g) were fasted overnight and 
allowed free access to water the night before the experiment. Vehicle (10:10:80), TRV0109101, 
or morphine was administered 20 minutes before the insertion of a single 2-mm glass bead 2 
cm into the distal colon of each mouse [39]. Time until bead expulsion was recorded. The assay 
was monitored with a maximum latency to expulsion of 240 minutes (100% MPE).  

Fecal Boli Assay - The fecal boli assay was performed as previously described (Dewire et al., 
2013). Mice (male C57BL/6J, 20–25 g) were allowed access to food and water ad libitum. 
Vehicle (10:10:80), TRV0109101, or morphine was administered (s.c.) 20 minutes after animals 
were placed individually in a testing chamber. Fecal boli were removed from each animal’s test 
chamber and weighed hourly for 4 hours [39]. 100% MPE is defined in this assay as zero grams 
fecal boli production, and vehicle treated animals define the 0% effect boundary. 

SUPPLEMENTAL TABLES (3) AND FIGURES (8) 
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Supplemental Table 1: TRV0109101 functional and selectivity analysis. Potency and 
efficacy for inhibition of cAMP production and increases in β-arrestin2 recruitment  are reported 
as percent maximal response to morphine (MOPR), U-69,593 9 (KOPR), DPDPE (DOPR) or 
Nociceptin (NOPR).  
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  Supplemental Table 2: In vitro pharmacology: 
radioligand binding analysis. TRV0109101 (10 
μM) binding specificity was analyzed by the CEREP 
ExpresSProfile against 55 representative GPCRs, 
ion channel and monoamine transporters.  
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Supplemental Table 3: A summary of TRV0109101 pharmacokinetic parameters determined 
in mice, rats, dogs and cynomolgus monkeys by various routes of administration.  
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Figure S1:  Repeated oxycodone administration produces opioid-induced mechanical 

allodynia in a dose-responsive manner. Mechanical allodynia was measured over 5 days in 

mice in response to twice daily (s.c.) vehicle (saline; n = 8), or oxycodone (0.3, 1, 3 and 12 

mg/kg; n = 8). *** p < 0.001 via Two Way Repeated Measures ANOVA with Bonferroni post-

tests to vehicle). Data are mean ± SEM (* p < 0.05, ** p < 0.01, *** p < 0.001 via Two Way 

Repeated Measures ANOVA with Bonferroni post-tests to vehicle). 
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Figure S2:  βarr1-KO and βarr2-KO mice do not exhibit opioid-induced mechanical 
allodynia but develop µ-opioid-induced tolerance to thermal stimuli.  Mechanical allodynia 
was measured over 7 days in βarr1-KO (A) and βarr2-KO (B) mice in response to a chronic 
minipump infusion (7 days) with vehicle (saline, n=15), morphine (48 mg/kg/day, n = 8), 
oxycodone (25 mg/kg/day, n=8) or fentanyl (3.2 mg/kg/day, n = 8). 5 min after testing for 
mechanical allodynia, thermal (56°C) hot plate antinociceptive responses in βarr1-KO (C) and 
βarr2-KO (D) mice were measured. Data are mean ± SEM (* p < 0.05, ** p < 0.01, *** p < 0.001 
via Two Way Repeated Measures ANOVA with Bonferroni post-tests to vehicle). 
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Figure S3:  Analgesia produced by TRV0109101 in tail flick and hot plate assays. (A) Rat tail flick 
latencies were performed for TRV0109101. Percent of maximum possible response (15-second cutoff) is 
plotted. Rats were injected s.c. with either vehicle (grey bar; n = 6) or TRV0109101 (blue bars; n = 4-
9/group). (B) Rats were injected s.c. with either vehicle (grey; n = 9) or TRV0109101 (blue; n = 8-11) at 
the indicated doses and 30 minutes later subjected to a 52°C hot plate assay. The % MPE was based on 
a 30-second assay cutoff.  
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Figure S4:  Analgesia produced by morphine and TRV0109101 in rat incisional pain assay. (A) 

Subcutaneous (s.c.) administration of TRV0109101 (1 mg/kg; blue; n = 8) and morphine (3 mg/kg; orange; n 

= 8) are active in the rat hindpaw incisional pain model compared to vehicle controls (black, n = 7). (B) 

Intravenous (i.v.) administration of TRV0109101 (1 mg/kg; blue; n = 7) and morphine (3 mg/kg; orange; n = 

8) are active in rat incisional pain model compared to vehicle controls (black; n = 8). Paw withdrawal 

threshold is plotted on the Y axis. Data are mean ± SEM (** p < 0.01, *** p < 0.001 via Two Way Repeated 

Measures ANOVA with Bonferroni post-tests to vehicle). 
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Figure S5: TRV0109101 in vivo pharmacokinetics. (A) Time course of TRV0109101 plasma 
concentration following i.v. (3 mg/kg), s.c. (10 mg/kg) and p.o. (10 mg/kg) dosing in mice (n = 3 
animals/time point). (B) Time course of TRV0109101 plasma and brain concentrations following s.c. (10 
mg/kg) dose in mice (n = 3 animals/time point). 
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Figure S6:  Repeated TRV0109101 administration does not produce opioid-induced 
mechanical allodynia.  Mechanical allodynia was measured over 5 days in mice in response 
to twice daily (s.c.) vehicle (saline or 10:10:80; n = 16), morphine (day 1-3: 20 mg/kg; day 4: 40 
mg/kg; n = 16), oxycodone (day 1-3: 12 mg/kg; day 4: 24 mg/kg; n = 16), fentanyl (day 1-3: 0.6 
mg/kg; day 4: 1.2 mg/kg; n = 16), or TRV0109101 (day 1-3: 20 mg/kg; day 4: 40 mg/kg; n = 8). 
Data are mean ± SEM (** p < 0.01, *** p < 0.001 via Two Way Repeated Measures ANOVA 
with Bonferroni post-tests to vehicle). 
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Figure S7:  Repeated fentanyl administration-induced mechanical allodynia is reversed by 

TRV0109101. (A) Treatment A - Mice were dosed twice daily (s.c.) with saline, fentanyl (day 1-5: 

0.2 mg/kg), or TRV0109101 (day 1-5: 3 mg/kg). Treatment B – After von frey testing on day 6, 

fentanyl treated mice were switched to twice daily (s.c.) TRV0109101 (n = 8, 1 mg/kg) or 

TRV0109101 (n = 8, 3 mg/kg) through day 8. TRV0109101 treated mice were switched to twice 

daily (s.c.) fentanyl (n = 8, 0.2 mg/kg). (B) 5 minutes after dosing, thermal (56°C) hot plate 

antinociceptive responses were measured.  Data are mean ± SEM (* p < 0.05, ** p < 0.01, *** p < 

0.001 via Two Way Repeated Measures ANOVA with Bonferroni post-tests to vehicle). 
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Figure S8:  Cebranopadol inhibits cAMP accumulation and promotes -arrestin recruitment in 
vitro, while repeated administration results in opioid-induced mechanical allodynia in vivo. 
Cebranopadol dose dependently inhibits cAMP accumulation across all opioid receptor expressing 
cell lines (A) with varying degrees of activity in β-arrestin recruitment (B) [MOPR (orange), KOPR 
(yellow), DOPR (blue) and NOPR (green). Data are mean ± SEM for at least 3 independent 
experiments. (C) Mechanical allodynia was measured over 5 days in mice in response to twice daily 
(s.c) vehicle (saline or 10:10:80; n = 8), oxycodone (day 1-3: 12 mg/kg; day 4: 24 mg/kg; n = 8), or 
cebranopadol (day 1-4: 0.01 or 0.03 mg/kg; n = 8). Data are mean ± SEM (* p < 0.05, ** p < 0.01, *** 
p < 0.001 via Two Way Repeated Measures ANOVA with Bonferroni post-tests to vehicle). 
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