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Abstract: Buprenorphine and buprenorphine–naloxone fixed combinations are effective for 

managing patients with opioid dependence, but constipation is one of the most common side 

effects. Evidence indicates that the rate of constipation is lower when patients are switched from 

sublingual buprenorphine–naloxone tablets or films to a bilayered bioerodible mucoadhesive 

buccal film formulation, and while the bilayered buccal film promotes unidirectional drug flow 

across the buccal mucosa, the mechanism for the reduced constipation is unclear. Pharma-

cokinetic simulations indicate that chronic dosing of sublingually administered buprenorphine 

may expose patients to higher concentrations of norbuprenorphine than buprenorphine, while 

chronic dosing of the buccal formulation results in higher buprenorphine concentrations than 

norbuprenorphine. Because norbuprenorphine is a potent full agonist at mu-opioid receptors, the 

differences in norbuprenorphine exposure may explain the observed differences in treatment-

emergent constipation between the sublingual formulation and the buccal film formulation of 

buprenorphine–naloxone. To facilitate the understanding and management of opioid-dependent 

patients at risk of developing opioid-induced constipation, the clinical profiles of these formu-

lations of buprenorphine and buprenorphine-naloxone are summarized, and the incidence of 

treatment-emergent constipation in clinical trials is reviewed. These data are used to propose a 

potential role for exposure to norbuprenorphine, an active metabolite of buprenorphine, in the 

pathophysiology of opioid-induced constipation.
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Introduction
Maintenance treatment of opioid-dependent patients typically involves a combina-

tion of psychosocial approaches (eg, counseling, prevention education, and recovery 

support services) and office-based pharmacological substitution therapy with an 

oral transmucosal agent. Options include buprenorphine or fixed combinations of 

buprenorphine and naloxone (BN) that are supplied in three formulations: sublingual 

tablets or single-layered sublingual films for sublingual or buccal use (sublingual 

buprenorphine–naloxone [SLBN], Suboxone,® Indivior Inc., Richmond, VA, USA) 

and bilayered bioerodible mucoadhesive buccal films (buccal buprenorphine–naloxone 

[BBN], Bunavail,® BioDelivery Sciences International, Inc., Raleigh, NC, USA).1,2 

These BN agents have been shown to improve outcomes in opioid-dependent patients,3–5 

and while they are generally safe and well tolerated, with predictable side-effect profiles, 

as with all opioids, constipation is among the most common side effects.5

The mechanisms of opioid-induced constipation (OIC) are complex, involving 

mu-opioid-mediated effects on the enteric nervous system that result in decreased 
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intestinal fluid secretion and increased fluid absorption, as 

well as decreased muscle contraction and motility of the 

small intestine and colon, resulting in increased colonic 

transit time.6–8 Endogenous opioids, including endorphins, 

enkephalins, and dynorphins, have been shown to reduce 

acetylcholine-mediated intestinal motor and secretory 

activities.9–11 Experimental data also indicate that mu-opioid 

receptors in the brain may also significantly delay intesti-

nal transit.12,13 Local effects on mu-opioid receptors in the 

intestine may also impact intestinal functions. Thus, the 

intraluminal administration of opioid receptor antagonists 

(eg, naloxone, N-methylnaloxone), which are undetectable 

in the general circulation due to insufficient absorption from 

the intestinal lumen, may prevent intravascular morphine 

from depressing motility.14 These effects, together with the 

increased resting anal sphincter tone and decreased reflex 

relaxation of the anal sphincter produced by exogenous 

opioids,15 result in symptoms of OIC.

The significant clinical consequence of the develop-

ment of OIC is such that patients may reduce or stop their 

opioid medication to achieve a positive impact on their 

quality of life,3,11,16,17 and OIC is one of the most common 

reasons patients avoid or abandon therapeutic opioid use.18,19 

Although clinical experience suggests that most opioid-

dependent patients experience mild or moderate symptoms 

that can be managed with over-the-counter laxatives, the 

potentially serious impact on quality of life, secondary 

symptoms, and complications of unmanaged constipation 

underscore its clinical importance (Table 1).17,20,21

Methods
To facilitate the understanding of OIC and management of 

opioid-dependent patients at risk of developing OIC with the 

goal of preventing the problem, this paper briefly summarizes 

the clinical profiles of SLBN and BBN and reviews published 

evidence of the incidence of treatment-emergent constipa-

tion associated with these therapies. Separate searches 

were performed on PubMed for “sublingual buprenorphine 

naloxone” and “buccal buprenorphine naloxone”, with the 

filters set to include only clinical trials. Of the records related 

to SLBN (N=36) or BBN (N=3), only one clinical study with 

each formulation reported constipation rates.

Buprenorphine
Initially developed for the treatment of pain, buprenorphine is 

a semisynthetic partial agonist at mu-opioid receptor and an 

antagonist at kappa opioid receptor sites.22,23 Buprenorphine 

is widely used to treat opioid-dependent patients because 

the reward effects are milder than those of full mu-opioid 

agonists24, its binding to mu-opioid receptors is not easily 

displaced by other opioids, and it has a lower risk of abuse 

and dose-limited effects on respiratory depression.25,26 Oral 

dosing of buprenorphine is not feasible due to extensive 

first-pass liver metabolism, which markedly limits its bio-

availability. In contrast, oral transmucosal administration is 

associated with bioavailability up to 50%.27

Buprenorphine has been demonstrated to be safe and 

effective for use in induction, stabilization, and long-term 

maintenance of opioid-dependent patients, as measured by 

reduced consumption of illicit opioids.28 A recent Cochrane 

review found it to be an effective medication in the mainte-

nance treatment of heroin dependence, retaining people in 

treatment at any sublingual dose .2 mg and suppressing 

illicit opioid use when administered at sublingual doses 

$16  mg.28 Compared with methadone, buprenorphine 

substitution treatment has been shown to decrease hospital 

admissions, morbidity, and mortality,3,4 with potentially 

less sedation.29 It has a lower abuse potential, carries less 

stigma, and allows for greater flexibility in treatment than 

methadone.30 In the gastrointestinal (GI) tract, buprenorphine 

inhibits acetylcholine-induced ileal muscle contraction, and 

subcutaneous injections in mice at doses ranging from 1.0 

to 20.0 mg/kg can slow GI transit by ,50%.31 About 8% 

Table 1 Secondary symptoms and complications of unmanaged 
constipation

Incomplete evacuation Hemorrhoids
Abdominal distension Rectal pain and burning
Bloating Fecal impaction
Anorexia Bowel obstruction or rupture
Nausea/vomiting Interference with drug administration 

and absorption

Note: Data from studies.17,20,21

Table 2 Gastrointestinal adverse events (%) after 4 weeks of 
treatment with the sublingual tablet formulations of buprenorphine–
naloxone (16/4 mg) or buprenorphine (16 mg)

Event Treatment (%) P-valuea

Buprenorphine  
(n=103)

SLBN 
(n=107)

Placebo 
(n=107)

Nausea 14 15 11 0.73
Constipation 8 12 3 0.03
Abdominal pain 12 11 7 0.37
Vomiting 8 8 5 0.66
Diarrhea 5 4 15 0.005

Notes: aFor the overall comparison across the three groups. From N Engl J Med, 
Fudala PJ, Bridge TP, Herbert S, et al; Buprenorphine/Naloxone Collaborative 
Study Group, Office-based treatment of opiate addiction with a sublingual tablet 
formulation of buprenorphine and naloxone, 349, 949–958.5 Copyright © 2003 
Massachusetts Medical Society. Reprinted with permission from Massachusetts 
Medical Society.
Abbreviation: SLBN, buprenorphine–naloxone sublingual tablet.
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of subjects receiving buprenorphine reported an adverse 

event of constipation after 4 weeks of sublingual treatment 

with the medication, significantly more than placebo (∼3%, 

P=0.03, Table 2).5

Buprenorphine combination products
Sublingual buprenorphine–naloxone tablets
SLBN has been approved for the office-based management 

of patients with opioid dependence since 2002.32 Its efficacy 

and safety in opioid-dependent patients have been docu-

mented in published studies.5,26,30,33 In a controlled clinical 

trial, it has significantly outperformed placebo for propor-

tion of urine samples that were negative for opiates and the 

proportion of subjects with opiate craving (P,0.001 for 

both comparisons).5 Despite an overall rate of adverse events 

that was roughly similar to placebo, as shown in Table 2, the 

incidence of constipation in SLBN-treated subjects was four 

times greater than placebo-treated subjects (P=0.03).5

Buccal buprenorphine–naloxone films
BBN is a novel transmucosal buprenorphine–naloxone com-

bination product formulated as a small, thin, bilayered dis-

solvable film that adheres to the buccal mucosa and provides 

approximately twice the bioavailability of buprenorphine 

compared with SLBN tablets containing double the buprenor-

phine dose.2,34 Mechanistically, BBN can be distinguished 

from buccally administered SLBN by the presence of a back-

ing layer, which promotes unidirectional flow across the buc-

cal mucosa; SLBN for buccal administration is a single-layer 

film without a backing layer.1,2 In an open-label study in 249 

adult opioid-dependent subjects stabilized on SLBN tablets or 

film at a dose of 16 mg/day and switched to a mean dose of 

8 mg BBN for 12 weeks, 92% of subjects had urine samples 

that were negative for nonprescribed opioids. As shown in 

Figure 1, of the 186 subjects who completed a checklist of 

common side effects (asking for presence or absence) of BN 

at baseline and day 84, 41% (76/186) reported constipation 

at the time of SLBN discontinuation, and before treatment 

with BBN, and 13% (24/186) reported constipation after 12 

weeks of BBN treatment, a risk reduction of 68% (52/76; 

95% confidence intervals 60%–77%).34 Approximately 3% 

(7/249) of subjects on BBN reported treatment-emergent 

constipation over the course of the 12-week study.34

The 2:1 buprenorphine dose conversion ratio from the 

mean baseline SLBN dose to the mean BBN dose at the end 

of the study aligns with results from a bioequivalence study in 

healthy volunteers. In that single-dose, crossover pharmaco

kinetic study, which compared the rate and extent of BN expo-

sure from 4.2/0.7 mg BBN with 8/2 mg SLBN tablets in 80 

healthy adults who had been given naltrexone, buprenorphine 

exposure from BBN was bioequivalent with SLBN (90% confi-

dence intervals for maximum plasma concentration [C
max

], area 

under the plasma concentration-time curve from time 0 to the 

last measurable concentration [AUC
last

], and AUC extrapolated 

to infinity [AUC
inf

] ranged from 88% to 118%), while exposure 

to naloxone and norbuprenorphine were, respectively, 33% and 

40% less than with SLBN (Table 3).35

Based on the single-dose data from the study compar-

ing SLBN (8 mg) with BBN (4.2 mg) in healthy subjects, 

plasma buprenorphine and norbuprenorphine concentration 

exposures (AUC
0–24

) were modeled for steady-state condi-

tions during daily dosing with SLBN 16 mg or BBN 8 mg. 

As shown in Table 4, projected norbuprenorphine exposure 

with SLBN was nearly double that of BBN, while the pro-

jected AUC
0–24

 exposures for buprenorphine were roughly 

equivalent with both formulations. Importantly, the projected 

steady-state plasma norbuprenorphine concentrations with 

SLBN exceeded the steady-state buprenorphine concentra-

tions by ∼30%, whereas projected plasma norbuprenorphine 

concentrations with BBN were nearly 30% lower than 

buprenorphine. The difference is presumed to be due to 

higher transmucosal bioavailability and lower amounts of 

buprenorphine exposed to first-pass liver metabolism.

Potential role of norbuprenorphine 
in constipation
It is unclear why the rates of constipation decreased in 

subjects switched from SLBN to BBN. While subcutaneous 
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Figure 1 Constipation* at baseline and at week 12 in patients converted from SLBN 
to BBN (N=186).
Notes: *As reported on a BN-related symptom checklist; 95% confidence intervals 
on 68% risk reduction are 60%–77%. Reprinted from Clin Ther, 37, Sullivan  JG, 
Webster  L, Novel buccal film formulation of buprenorphine-naloxone for 
the  maintenance treatment of opioid dependence: a 12-week conversion study, 
1064–1075,34 Copyright © 2015, with permission from Elsevier.
Abbreviations: BBN, buccal buprenorphine-naloxone film; ET, early termination; 
SLBN, sublingual buprenorphine-naloxone tablets or films.
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naloxone (0.8 mg every 6 hours) has been found to accelerate 

transit in the colon of healthy human volunteers,36 and evi-

dence suggests it can reverse idiopathic chronic constipa-

tion, benefit patients with intestinal pseudo-obstruction and 

constipation-predominant irritable bowel syndrome,37 and 

improve the symptoms of OIC38,39 when given at high doses 

orally (eg, 10 mg bid in the constipation-predominant irritable 

bowel syndrome trial), it seems unlikely to have played a 

role in the different outcomes with respect to constipation in 

the study of opioid-dependent subjects stabilized on SLBN 

and switched to BBN. Not only do both study drugs contain 

naloxone, but also the rate and extent of naloxone exposure 

with BBN was one-third lower than with SLBN. Moreover, 

another orally administered, poorly bioavailable mu-opioid 

antagonist, naltrexone (50 mg) or subcutaneous methyln-

altrexone (0.3 mg/kg), did not accelerate colonic transit in 

healthy volunteers.40,41 All of these data argue against a role 

for the naloxone in BBN as the reason for improved bowel 

function.

Rather, the steady-state plasma concentration projections 

observed in this study suggest that the lower incidence of con-

stipation with BBN relative to SLBN may be due to reduced 

exposure of enteric mu-receptors to norbuprenorphine. In 

randomized studies in opioid-dependent subjects, mean 

steady-state plasma concentrations of this major periph-

erally active metabolite of buprenorphine have matched 

or surpassed the parent compound following sublingual 

administration.42,43 These data are therefore consistent with 

the hypothesis that, as a potent full agonist at mu-receptors,44 

norbuprenorphine contributes to the overall peripheral 

pharmacological effects of buprenorphine in the regulation 

of multiple GI processes in vivo. Its lack of penetration of 

the blood–brain barrier into the central nervous system sug-

gests little central nervous system contribution of norbupre

norphine to the GI processes.45

Implications for clinical practice
These data indicate that the lower rate of constipation 

observed with the BBN formulation may be the result of 

reduced exposure to norbuprenorphine. It therefore appears 

reasonable to query opioid-dependent patients who are at 

risk of or report OIC symptoms and possible effects on 

quality of life in order to enhance adherence to medication 

regimens. In addition, since there is no significant difference 

between SLBN tablets and single-layered films with regard 

to plasma levels of naloxone and norbuprenorphine,46 and 

Table 3 Systemic exposure of 4.2/0.7 mg BBN film and 8/2 mg SLBN tablet (N=80)

PK parameter Geometric mean Geometric mean  
ratio (%)

90% CI of the geometric 
ratio

BBN 4.2/0.7 mg SLBN 8/2 mg BBN/SLBN Lower Upper

Buprenorphine
  ln (Cmax) 3.15 2.89 109.07 100.49 118.39
  ln (AUClast) 24.21 25.40 95.35 88.92 102.24
  ln (AUCinf) 25.57 27.03 94.62 88.48 101.19
Norbuprenorphine
  ln (Cmax) 0.46 1.16 39.54 36.35 43.02
  ln (AUClast) 16.18 33.70 48.00 43.86 52.52
  ln (AUCinf) 18.81 36.41 51.64 48.20 55.33
Naloxone
  ln (Cmax) 117.57 161.37 72.86 65.94 80.51
  ln (AUClast) 298.14 442.28 67.41 61.98 73.31
  ln (AUCinf) 304.39 458.95 66.32 61.14 71.94

Note: Data from Vasisht et al.35

Abbreviations: BBN, buccal buprenorphine-naloxone film; CI, confidence interval; SLBN, sublingual buprenorphine-naloxone tablets or films; PK, pharmacokinetic; Cmax, 
maximum plasma concentration; AUC, area under the plasma concentration-time curve; AUClast, AUC from time 0 to the last measurable concentration; AUCinf, AUC 
extrapolated to infinity.

Table 4 Predicted buprenorphine and norbuprenorphine exposure with SLBN tablets and BBN films: daily dosing and steady-state 
conditions

Daily (AUC0–24) ng × h/mL Steady-state (AUC) ng × h/mL

Norbuprenorphine Buprenorphine Norbuprenorphine Buprenorphine

BBN (n=65) 15 37.8 37.1 51.9

SLBN (n=68) 29.6 40.8 71.3 54.3

Abbreviations: AUC, area under the plasma concentration-time curve; BBN, buccal buprenorphine-naloxone film; SLBN, sublingual buprenorphine-naloxone tablet.
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treatment-emergent constipation rates with SLBN films 

across 19 pharmacokinetic studies in healthy volunteers 

(11%)46 are similar to the clinical study with SLBN tablets 

(12%),5 if management of OIC is needed for patients who are 

being treated with SLBN, strategies to minimize exposure 

to norbuprenorphine may be considered. Evidence suggests 

that BBN provides adequate symptom control with respect 

to opioid dependence and is well tolerated, with low reported 

rates of constipation, good adherence, and favorable patient 

acceptance.34

Conclusion
Buprenorphine is an effective intervention for the manage-

ment of opioid dependence, but patients are at risk for a 

range of GI symptoms, including OIC. Pharmacokinetic 

simulations indicate that chronic dosing of sublingually 

administered agents may expose patients to higher concen-

trations of norbuprenorphine than buprenorphine due to 

swallowing of unabsorbed buprenorphine, whereas chronic 

dosing of the bilayered bioerodible mucoadhesive buccal 

formulation, which provides higher bioavailability and is 

efficiently absorbed across the buccal mucosa, results in 

higher buprenorphine concentrations than norbuprenorphine. 

These data support the hypothesis that exposure to norbu-

prenorphine, an active metabolite of buprenorphine, plays a 

role in the pathophysiology of OIC and that differences in 

norbuprenorphine exposure may explain the observed differ-

ences in constipation between SLBN and BBN.
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