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Abstract

Buprenorphine, an analogue of thebaine, is a Schedule III 
opioid used for opioid-use disorder and as an analgesic. 
Buprenorphine is generally described as a partial mu-opioid 
receptor agonist with limited activity and a decreased 
response at the mu-receptor relative to full agonists. The mu-
opioid receptor remains important clinically in defining efficacy 
in analgesic potential. In patients who are opioid naïve, the 
drug’s efficacy as an analgesic is found to be equivalent to a 
full mu-opioid receptor agonist, despite decreased receptor 
occupancy and the “ceiling effect” produced from larger doses 
of buprenorphine. Buprenorphine’s respiratory depressant 
effects, while less than many other opioids, are increased by 
benzodiazepines or alcohol. There have also been 11,000 
reports involving buprenorphine and minors (age <19) to 
U.S. poison control centers, the preponderance (89.2%) with 
children. Contemporary research shows the traditionally taught 
pharmacology of buprenorphine does not take into account 
changes to receptor theory, pharmacological terminology, as 
well as consideration for the drug’s route of administration and 
biologically active major metabolites. 

Methods

We reviewed articles through GoogleScholar, PubMed, 
and Ovid databases to find relevant information regarding 
buprenorphine, buprenorphine’s binding capability, 
buprenorphine’s metabolites, respiratory depression, and 
analgesic properties. General concepts were also reviewed 
on UptoDate and GoogleScholar to establish definitions for 
receptor theory, agonists, and antagonists. We read articles 
that characterized buprenorphine as early as the 1970s 
and 1980s, all the way up to papers published in 2020. The 
searches were done from August 2019 through May 2020 
using terms including “buprenorphine,” “norbuprenorphine,” 
“buprenorphine-3-glucuronide,” or norbuprenorphine-
3-glucuronide” in combination with the terms/ phrases 
“pharmacokinetics,” “pharmacology,” “receptor theory,” 
“receptor activity,” “efficacy,” “respiratory depression,” “ceiling 
effect”, “analgesia,” “antinociception,” “pain,” “metabolite,” and/
or “partial agonist.”

Introduction

Buprenorphine is a derivative of thebaine, which can be found 
in the poppy of Papaver somniferum. During the mid to late 
1900s, buprenorphine was considered a part of the solution 
to what was known as the “opium problem” (1). In the 1920s, 
the Committee on Drug Addiction (CDA) primarily focused 

on morphine. At the time, the CDA looked at its multitude of 
uses, without its addictive side effects (1). Over 40 years later, 
buprenorphine was discovered in 1966, and in 1972 its agonist-
antagonist pharmacological character was presented by 
John Lewis to the College on Problems of Drug Dependence 
(1), and thought to be a potential addiction treatment, first 
recognized in 1979 by Don Jasinski (2). Although marketed for 
analgesia and addiction treatment, most studies at the time 
found this was the “most reinforcing drug they had ever used” 
(1). By 1985, it was available in 29 countries (1). Buprenorphine 
was originally considered a Schedule V narcotic, until 2002 
when it was rescheduled to Schedule III, after the Drug 
Enforcement Agency made three attempts to reschedule 
it (1). Buprenorphine is employed, with or without naloxone, 
for the treatment of opioid use disorder. From 2008-2019, 
buprenorphine distribution increased seven-fold (476.8 to 
3179.9 kg) and five-fold (18.6 to 97.6 kg) to pharmacies and 
hospitals, respectively (3). The U.S. Medicaid program spent $1 
billion on buprenorphine in 2017 alone (3). 

Buprenorphine has activity at the mu, delta, and kappa, 
as well as the opioid receptor-like (ORL-1) also known as 
nociceptin, opioid receptors. There are four main opioid 
receptors, mu (MOR), delta (DOR), and kappa (KOR), identified 
in the 1960s, and the opioid receptor-like (ORL) or nociceptin 
(NOP), discovered in the 1990s (4). The NOP is considered 
an atypical, low-affinity receptor for opioid peptides (4). The 
mu-opioid receptor is primarily responsible for analgesic 
effects as well as euphoria, miosis, constipation, and 
respiratory depression (8). It may have a greater impact at 
spinal MOR relative to the brain receptors (5). Delta receptors 
have minimal antinociceptive effects relative to the MOR, 
but have more activity in chronic pain than acute pain. The 
DOR also participates in analgesic tolerance and physical 
dependence (8). The KOR has been seen to have analgesic 
and proalgesic effects to opioids, while also contributing to 
miosis and sedation (8). Buprenorphine’s active metabolite, 
norbuprenorphine, is a potent and major metabolite that 
attenuates the typical analgesic effects of buprenorphine due 
to binding of the ORL-1 receptor. The NOP is also responsible 
for the respiratory depressant effects.

Buprenorphine is a unique opioid as a result of its receptor 
activity at the MOR (5). Buprenorphine dissociates from the mu-
opioid receptor slowly, resulting in a slow duration of action (2). 
While most opioids show activity at the mu, delta, and kappa 
receptors, buprenorphine is an antagonist for the delta and 
kappa opioid receptors, with high affinity (6). Buprenorphine is 
potent at MOR and DOR, with efficacy at MOR, DOR, and the 
KOR, in order of descending efficacy (7). 
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Discussion

Buprenorphine and receptor theory

All opioids have activity at the mu receptor (9). Opioids 
have previously been classified as “weak” or “strong” 
based on their affinity for the receptor. “Weak” opioids are 
considered less likely to lead to addiction and adverse 
effects, such as respiratory depression, “Strong” opioids 
have greater analgesic effect and greater risk for addiction 
(8). Buprenorphine has antinociceptive effects that are 
considered primarily the result of activity at MOR (10). 
Traditionally, buprenorphine was described as a partial mu 
agonist with analgesic effects, developed to limited respiratory 
depression and addiction (11, 12). Since buprenorphine’s 
initial classification, the meaning of the terms “agonist” and 
“antagonist” (8, 13, 14) have been more fully elucidated. 

Initially, it was believed that all agonists for a receptor will 
result in different degrees of the same intracellular response 
(13,14). The transduction pathways of a drug activated by an 
agonist do not act identically for each receptor (4). Partial 
agonists are known for lack of intrinsic efficacy (16). The 
antinociceptive effect ascribed to buprenorphine is considered 
mainly mediated by mu opioid receptors (18). Bell-shaped 
dose-response curves of buprenorphine in the 1980s and 
1990s showed there is an optimal range in concentrations for 
a maximum analgesic effect, with a decrease in activity below 
or above this range (19). The perception of buprenorphine’s 
clinical usages may depend on the correct application or 
interpretation of terms from concepts in receptor theory, such 
as efficacy and agonist (20). 

In recent years, it has become clearer that different ligands 
for the same receptor can cause different responses, contrary 
to traditional receptor theory (16). For receptor theory models 
to be useful, it must aid in determining the extent in which 
drug effects can be interpreted and applied to predict future 
effects (14). The term “ligand bias” has been used to describe 
opioid analgesic drugs which elicit a different intracellular 
response; therefore, their effects are not only the result of 
receptor binding affinity (7). Buprenorphine differentiates 
itself from other opioids with mu-receptor activity with its slow 
dissociation from the receptor (19). Buprenorphine alone is 
not responsible for its antagonistic effects, but its varying 
metabolite concentration through different forms of drug 
administration may alter the efficacy of the drug. The acute 
toxicity (LD50) of buprenorphine varies based on the method 
of drug administration (See Table 1, from reference 21, 22). 
Studies have suggested that differed opioid agonists have 

different downstream effects in the cell, while still binding 
and activating the same receptor. Therefore, different opioids 
cannot be considered equivalent by changing the dose 
(8). It can no longer be assumed that any ligand activating 
a receptor will produce relatively the same response, with 
differences attributed to the agonists’ efficacies (4). Ligands 
for a receptor can alter the downstream activity in a pathway, 
known as biased agonism, ligand-directed signaling, and 
functional selectivity (23). 

Reservations regarding buprenorphine’s clinical use were 
due to misconceptions about an analgesic “ceiling effect” 
(15). Data that shows a bell-shaped dose response curve 
displaying a ceiling effect is typically derived from animal pain 
models that use high doses of buprenorphine beyond what 
would be used clinically for humans. In humans, these curves 
are produced through the extrapolation of existing data (15). 
Until recently, agonists like buprenorphine have been known 
for limited intrinsic activity and inability to produce as large a 
response at a receptor (11, 16). Distinctions between “weak” 
and “strong” opioids or “full” and “partial” agonists may be 
needed to account for “weak” opioids like buprenorphine 
having characteristics considered “strong” (8). Opioids that are 
pure agonists such as morphine or fentanyl produce stronger 
analgesic effects than drugs like codeine that have decreased 
receptor binding (17). However, factors such as affinity and 
efficacy, as well as variables like metabolite binding and 
concurrent receptor binding may alter the perceived effects 
and receptor activity of buprenorphine.

Buprenorphine metabolites: receptor activity and effects

Buprenorphine’s metabolism supports its analgesic effects 
(5). The hepatic cytochrome P (CYP) 450 (CYP P450-3A4) 
system metabolizes buprenorphine to norbuprenorphine 
through N-dealkylation of the cyclopropylmethyl group (5, 
24, 25). This step allows for blood-brain barrier transport 
of the drug (5). Additional active metabolites are produced 
through the formation of conjugates with glucuronic acid with 
UDP glucuronosyl transferase, to produce buprenorphine-
3-glucuronide and norbuprenorphine-3-glucuronide, from 
buprenorphine and norbuprenorphine, respectively. (5, 24, 
26). Norbuprenorphine-3-glucuronide has a sedative effect 
and norbuprenorphine-3-glucuronide is an analgesic with 
low-potency (See Table 2 for a summary of buprenorphine’s 
metabolite effects) (5).

Glucuronide metabolites of buprenorphine are biologically 
active, and have heterogenous binding affinity at opioid 
receptors. Binding affinity, the ability a drug has to bind to a 

receptor, is measured by the equilibrium 
inhibitory constant (Ki) (5). Buprenorphine 
has a high binding affinity at the MOR 
and KOR, with debatable effects (5). 
Studies show that the KOR receptor 
activity might be characterized as partial 
agonist (28, 70), antagonist (71), and is 
even thought to have no activity (21, 
71). Buprenorphine-3-glucuronide had 
high affinity for MOR (Ki = 4.9 ± 2.7 μM), 
and NOR (Ki = 36 ± 0.3 μM), receptors. 
Norbuprenorphine-3-glucoronide had an 
affinity for NOR (Ki = 18 ± 0.2 μM), but not 

Table 1. LD50 (acute toxicity) of buprenorphine based on the method of administration
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MOR (27) (See Table 3 for full list of inhibition 
constants and Figures 1–5 for visual summary 
of receptor-metabolite binding). While 
norbuprenorphine has a greater efficacy, it is 
considered a less potent partial agonist than 
buprenorphine at MOR (28). All metabolites 
except norbuprenophine-3-glucuronide have 
analgesic properties (27, 29).

Norbuprenorphine is the only well-
researched metabolite, compared to others 
which need to be studied in greater detail 
for a greater understanding of their clinical 
effects. Norbuprenorphine derives from 
buprenorphine as a result of N-dealkylation 
catalyzed by cytochrome P450 in the liver 
(24, 25). At the MOR, both norbuprenorphine 
and buprenorphine are potent partial 
agonists, with norbuprenorphine having 
moderate efficacy and buprenorphine 
having low efficacy. At the NOP receptor, 
norbuprenorphine has moderate efficacy 
and buprenorphine having low efficacy, with 
both metabolites having low affinity for the 
receptor. This information was determined 
using ligand binding experiments and cAMP 
assay (28). In rats, the LD50 of buprenorphine 
through intravenous administration was 
1,149.5 and 234.6 mg kg-1, and was found to 
have a norbuprenorphine-to-buprenorphine 
LD50 ratio of 1/16-1/23 (30). Norbuprenorphine 
was 50-fold less potent than buprenorphine 
through intravenous administration and 4-fold 
less potent after intracerebroventricular 
(ICV) administration in in vivo animal 
studies. This decrease in potency may be 
due to poor penetration across the blood-
brain barrier compared to buprenorphine 
(31). The intraventricular administration of 
buprenorphine and norbuprenorphine 
showed norbuprenorphine’s analgesic 
activity was 25% that of buprenorphine (32).  

Norbuprenorphine is the only well-
researched metabolite, compared to others 
which need to be studied in greater detail 
for a greater understanding of their clinical 
effects. Norbuprenorphine derives from 
buprenorphine as a result of N-dealkylation 
catalyzed by cytochrome P450 in the liver 
(24, 25). At the MOR, both norbuprenorphine 
and buprenorphine are potent partial 
agonists, with norbuprenorphine having 
moderate efficacy and buprenorphine 
having low efficacy. At the NOP receptor, 
norbuprenorphine has moderate efficacy 
and buprenorphine having low efficacy, with 
both metabolites having low affinity for the 
receptor. This information was determined 
using ligand binding experiments and cAMP 
assay (28). In rats, the LD50 of buprenorphine 
through intravenous administration was 
1,149.5 and 234.6 mg kg-1, and was found 

Figure 1. Visual summary of buprenorphine and buprenorphine metabolites’ receptor 
activity

Table 2. Summary of the effects of buprenorphine metabolites

Table 3. Receptor affinity shown as apparent Ki (inhibition constant) of buprenorphine and 
its metabolites, as determined by Brown et al. 2011
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to have a norbuprenorphine-to-buprenorphine LD50 ratio of 
1/16-1/23 (30). Norbuprenorphine was 50-fold less potent than 
buprenorphine through intravenous administration and 4-fold 
less potent after intracerebroventricular (ICV) administration 
in in vivo animal studies. This decrease in potency may 
be due to poor penetration across the blood brain barrier 
compared to buprenorphine (31). The intraventricular 
administration of buprenorphine and norbuprenorphine 
showed norbuprenorphine’s analgesic activity was 25% of 
buprenorphine (32). While buprenorphine has a low risk for 
respiratory depression and is rarely considered clinically 
relevant in that respect, (34, 35) norbuprenorphine is a potent 
respiratory depressant (29). Buprenorphine’s active metabolite, 
norbuprenorphine, was 10 times more potent than the 
parent drug (33). Respiratory depression can be induced by 
norbuprenorphine and mediated by MOR (33). Buprenorphine 
was found to be protective against norbuprenorphine’s effect 
of respiratory depression, both preventing and reversing 
these effects. Binding experiments show DOR and, primarily, 
MOR as responsible for buprenorphine protecting against 
the norbuprenorphine-induced respiratory depression 
(36). Respiratory depression with the use of buprenorphine 
varies depending upon method of drug administration and 
possibly age. In a study with healthy volunteers, intramuscular 
buprenorphine (0.15–1.2 mg) increased the risk of respiratory 
depression linearly, but the effect was not clinically significant 
(37). With sublingual buprenorphine (1–31 mg), patients reached 
respiratory depression at doses 8 mg or more (38). A study 
on 50 postoperative patients with intravenous buprenorphine 
(0.4–7.0 mg) showed no signs of respiratory depression for 
a 24-hour period (42). Healthy volunteers with intravenous 
buprenorphine (0.1 mg/70 kg body weight) demonstrated a 
ceiling in respiratory depression, but not in analgesic efficacy 
(35, 39). Animal experiments show that the respiratory ceiling 
occurs at a lower dose (>0.2 mg/kg) than the analgesic effect 
ceiling, which will only occur in doses beyond the therapeutic 
dose range (35, 39). Experimental and clinical data show that 
there is a limit on buprenorphine’s maximum depressant effect 
(15). Buprenorphine may be protective against respiratory 
depression, but does not account for drug interactions that 
can result in buprenorphine overdose or mixed route of drug 
administration that could increase norbuprenorphine levels. 
Buprenorphine reports to poison control centers, especially 
involving minors, are concerning. More research needs to be 
done to address the potential for norbuprenorphine presence 
to result in overdose in the presence of other drugs.

In terms of norbuprenorphine’s analgesic ability, when 
combining results of animal and biochemical studies, 
norbuprenorphine and buprenorphine are considered by 
some to be, partial agonists at the mu receptor (31). The 
co-activation of the NOP receptors by buprenorphine 
modulates the antinociceptive effect of buprenorphine at 
opioid receptors (40). Additionally, the mu-opioid receptor 
may be responsible for counteracting the hyperalgesic effect 
from NOR. If mu receptors are blocked, NOR produces 
hyperalgesia (41). Norbuprenorphine had a high binding affinity 
for the mu receptor and low affinity for the NOR and presented 
as a potent analgesic with an efficacy equal to buprenorphine 
in a writhing test (28). Buprenorphine’s agonistic effect at NOR 
is believed to counter antinociception by buprenorphine and 
norbuprenorphine on opioid receptors, producing the bell-

shaped curves in nociceptive assays (28). Preclinical reports 
show NOR agonism contributes to decreased analgesia at 
high concentrations. However, buprenorphine’s affinity for the 
NOR is approximately 50 times lower than its affinity for the 
MOR and NOR activation causing a pronociceptive effect has 
not been validated in clinical settings (27, 42, 43). 

Analgesic effect and route of buprenorphine administration

Buprenorphine’s properties including low molecular 
weight, high lipophilicity, and high potency (5) influence its 
perceived effects. Buprenorphine is 96% protein bound after 
absorption (5). Oral absorption is considered to be poor due 
to buprenorphine’s “first pass metabolism” (5). Transdermal 
absorption is limited, Sublingual administration is considered 
effective Some studies consider buccal formulations to be the 
most efficient with the highest non-intravenous bioavailability 
(5).

Because of the options in different methods of drug 
administration (5), buprenorphine’s analgesic ability does not 
appear to be limited and shows promise for pain treatment in 
patients who are opioid naïve (29, 43, 44). Preclinical studies 
have shown the effectiveness of buprenorphine in various 
pain conditions (45). In conscious rats, buprenorphine was 
even considered 100 times more potent than morphine 
(equipotent 0.03–3.0 mg/kg SC.) in paw pressure tests, but 
buprenorphine produced a bell-shaped dose response curve 
in hot plate tests. The antinociceptive effects of buprenorphine 
and morphine were equipotent in both paw pressure and hot 
plate tests when administered intrathecally at 10 micrograms 
(46). The paw-pressure test with subcutaneous administration 
showed buprenorphine was more potent than morphine (47). 

The method of administration of buprenorphine has significant 
implications for the efficacy and benefits or detriments 
associated with it (29). Buprenorphine is considered a potent 
analgesic when administered intravenously, intramuscularly, 
buccally, and sublingually, from moderate to severe pain 
levels (44). Buprenorphine’s slow onset time decreases its 
effectiveness for acute pain (44). However, based on the 
formulation and method of application, buprenorphine can be 
approximately 25 to 100 times more potent than morphine (2, 
47, 48). Intrathecal injections of buprenorphine and morphine 
showed similar antinociceptive potencies after their peak, 
but with a shallower dose-response curve for buprenorphine. 
Similar results were shown through in the hot plate test, a 
test used for measuring acute and subcutaneous pain (46). 
For thermal pain, intrathecal buprenorphine was found to 
be 17 times more effective than hydromorphone (18). Buccal 
administration of buprenorphine was effective and tolerable 
in opioid naïve patients with moderate to severe low back 
pain (49, 50) and general “round-the-clock” chronic pain (51). 
Thirty-three clinical studies showed efficacy in buprenorphine 
for pain relief with 88% using transdermal buprenorphine 
and 12% using buprenorphine buccal film. Pergolizzi and 
Raffa considered buprenorphine to have the efficacy of a 
Schedule II buccal film and similar efficacy and tolerance to the 
transdermal formulation (42, 52). Buprenorphine buccal film 
(150–900 μg/12 h) had similar efficacy results as Schedule II 
hydromorphone hydrochloride (12–64 mg/12 h) (52). Sublingual 
buprenorphine in the tablet form was 15 times more potent 
than intramuscular morphine. Sublingual buprenorphine 
is also active longer than morphine (53) and was effective 
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postoperative analgesic (54–57). In postoperative cancer 
patients, it was found the relative potencies of intramuscular 
to sublingual buprenorphine is 2:1 (53). For postoperative pain 
by the intramuscular route, buprenorphine was found to be 30 
times more potent than morphine (58–60) and have a longer 
duration of action than morphine in cancer patients (61).

The analgesic potency of buprenorphine (23, 47) and its 
lipophilicity and low molecular weight make buprenorphine 
ideal for transdermal delivery (15). Lower doses of transdermal 
buprenorphine were required to produce the same 
equipotency as transdermal fentanyl (47). In two case studies, 
buprenorphine gave a positive response where transdermal 
fentanyl had failed (47). Transdermal administration of 
buprenorphine in chronic non-cancer, neuropathic, and 
cancer-related pain did not antagonize analgesia and 
demonstrated efficacy and safety as well as reduced negative 
effects like withdrawal. Transdermal buprenorphine has 
advantages for chronic pain treatment (62–63). Compared 
with placebo, the initiation of transdermal buprenorphine in 
patients with chronic non-cancer, neuropathic, and cancer-
related pain resulted in effected analgesia and showed 
beneficial efficacy. It was also safe, well-tolerated, and did 
not cause opioid withdrawal symptoms (62–63). Transdermal 
administration of buprenorphine was found to be efficacious 
and well tolerated in moderate to severe chronic low back 
pain (64) and long-term control of chronic pain in cancer 
patients (65, 45). Transdermal buprenorphine was seen to 
be effective for longer term chronic cancer and noncancer 
pain, with at least satisfactory analgesic effects reported in 
the preponderance (90%) of 215 patients (62). Patients with 
moderate to very severe chronic pain, both cancer- and non-
cancer-related, slept longer uninterrupted by pain and of the 
239 patients participating, 90% found satisfactory pain relief 
and 95% tolerated the patch well (66).

With respect to analgesia, there was no observed ceiling 
effect within the therapeutic dose range of buprenorphine 
for pain (48). Buprenorphine was a potent analgesic with 
full efficacy in mouse models or acute somatic and visceral 
pain. As a result, the analgesic efficacy of buprenorphine in 
those who are opioid naïve is not limited by its categorization 
as a partial agonist or previous reports 
of the bell-shaped dose response 
curve, with a maximal efficacy of the 
compound was maintained at almost 
100% maximum possible effect (10). In 
clinical studies, no ceiling has been found 
with buprenorphine’s analgesic effect 
(34, 45). In a report in humans with acute 
pain, ascending intravenous doses did 
not show any ceiling effect up to 0.6 mg 
of buprenorphine (roughly equivalent to 
10–20 mg of intravenous morphine (39). In 
earlier papers classifying buprenorphine, 
mention of the ceiling effect seen with 
the MOR used dose ranges that were 
not relatively equivalent to the potency 
of other drugs it was tested against such 
as morphine. Morphine has been found 
to be 25–50 times more potent than 
buprenorphine as an analgesic (38, 67). 
A plateau was reported in the dose-effect 

curve of buprenorphine, however this team noted that dose 
comparisons between partial and full mu agonist would be 
made cautiously since extrapolation does not accurately 
estimate potency (38). 

Opioids rarely bind to a single receptor and will have 
difference in affinities to others. Buprenorphine co-activates 
other receptors that may play a role in its efficacy. Some 
of buprenorphine’s negative effects such as respiratory 
depression and abuse can be attributed to peripheral DOR 
(68). While opioid analgesics like buprenorphine often bind to 
the mu-opioid receptor, there is a variation in their affinity for 
this receptor as well as their affinity ratio for other receptors, 
such as the previously mentioned ORL-1 receptor, in addition 
to kappa and delta-opioid receptor (8). Buprenorphine has 
antagonistic activity at the KOR that causes antihyperalgesic 
effects to some extent (15). The antihyperalgesic effects 
of buprenorphine have successfully treated neuropathic 
pain (48, 62, 69), which may show neuropathic pain may be 
more susceptible to buprenorphine than other opioids (15). 
Antagonism from the KOR activation leads to predictions 
that drugs with lower affinity for the KOR relative to MOR will 
be effective in producing MOR-related effects (8). However, 
buprenorphine’s KOR activity is controversial as this agent 
is characterized as a partial agonist (28, 70), antagonist (71), 
and even thought to have no activity (21, 71). Buprenorphine 
is even contested as an antagonist or inverse agonist at 
KOR (See Table 4 for summary of buprenorphine’s analgesic 
efficacy) (5). Therefore, this receptor should have little role for 
consideration in buprenorphine’s activity considering these 
mixed results (30). Additionally, sigma-1 receptors modulate 
the analgesic effects of opioids. Ablation of TRPV+ cells 
with high densities of sigma-1 receptors, an orphan receptor 
whose endogenous neuropeptide ligand is unknown, did 
not alter IB4+ neurons with high amounts sigma-1 receptors, 
mechanical nociception, or sigma-1 antagonism on morphine 
antinociception. It did impair response to heat stimuli and 
morphine’s effect on heat nociception (73). Additionally, dimers 
of the receptors can arise as homo- or hetero-conformations, 
that may have distinct signals (74). MOR-DOR and DOR-
KOR specific agonists have different signal, outcomes, and 
antinociceptive results (8, 75, 76). 

Table 4. Summary of receptor activity associated with buprenorphine’s analgesic efficacy
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Discussion

The classification as a partial agonist comes in part from the 
reduced efficacy in morphine and other mu-opioid receptor 
agonists analgesics when first exposed to buprenorphine. 
The “antagonist profile” was a conclusion drawn from 
reduced efficacy if buprenorphine was injected before 
morphine. Buprenorphine is still a more potent analgesic 
than morphine and pentazocine in rat tail pressure tests, and 
marginally more potent than morphine in mouse and rat tail 
flick tests (66). Buprenorphine’s pharmacology allows for it 
to be combined with other mu-opioid receptor agonists for 
an additive analgesic effect, but only when the full agonist is 
added to buprenorphine and not in the reverse order. The 
reverse causes a precipitation of acute withdrawal (45, 76). 
Administering intrathecal morphine and IV buprenorphine 
simultaneously alleviates pain with decreased sedation and 
other side effects than either drug alone (79). Additionally, 
switching between buprenorphine and full mu-agonists is 
possible without the loss of analgesic efficacy and without 
refractory period when switching from buprenorphine to 
new mu-opioid treatment (44, 16). Overall, clinical practice 
guidelines state the importance of patients self-reporting 
effective analgesics as pain is considered a personal 
experience that varies based on individual threshold and 
tolerance (21).

Partial antagonism is seen in animals with high dose ranges 
that are clinically irrelevant. Buprenorphine has a mu-agonistic 
profile of high potency and efficacy, as well as reversibility 
and no lag time for action, making it ideal for long-term pain 
treatment, if an opioid is absolutely necessary (44). In a partial 
agonist, the less than full effect should remain the same 
even with full receptor saturation (77). PET technology shows 
that buprenorphine can produce analgesia at less than full 
receptor occupancy Therefore, other receptors beyond the 
mu-opioid receptor may be responsible than analgesia (20). 
Buprenorphine has a high affinity for MOR, but occupies fewer 
receptors for analgesia. Buprenorphine increases mu-opioid 
receptor expression so that other mu agonists can interact 
with the receptors (44). Additionally, buprenorphine’s activation 
at the MOR occurs at lower levels of receptor phosphorylation 
(5). When administering buprenorphine, receptors are 
available for full agonism at MOR for the treatment of acute 
pain (5). 

The classification of a receptor depends on the ability of 
a drug to function in the environment it is presented in (5, 
78). While different factors like temperature influence the 
agonist or antagonist activity perceived, it was determined 
that buprenorphine can be considered a full agonist in a 
clinical setting when used in people who are opioid naïve 
(78). Some in vitro assays have shown morphine to act as 
an antagonist, despite morphine being considered a full-
agonist clinically (5). The bioavailability of certain metabolites 
in plasma, like norbuprenorphine, requires more research 
as this has implications on medications that can be co-
administered with buprenorphine. Intravenous administration 
has a 100% bioavailability, buccal buprenorphine has 46–65% 
bioavailability, sublingual has a 28–51% bioavailability, and 
transdermal has a 15% bioavailability (5). Some studies show 
there is a significant amount of norbuprenorphine remaining 
in the plasma following buprenorphine’s administration (80), 

contrary to others (32). Buprenorphine overdoses reported 
in the mid-2000s can be related to varied norbuprenorphine 
plasma concentrations (81, 82), which can be related to 
method of administration (36, 83). Buprenorphine’s clearance 
in anesthetized patients was seen to be lower than individuals 
not under anesthesia, as well as in patients with reduced 
hepatic blood flow as a result of another administered 
anesthetic (57). Buprenorphine as a tablet has a bioavailability 
that is 50–60% that of a buprenorphine solution (84–85). 
Intranasal buprenorphine is 50% bioavailable in humans 
in a polyethylene glycol 300 and 5% dextrose vehicle, 
with a maximum concentration at 30 minutes. In sheep, 
buprenorphine’s intranasal bioavailability was 70% with a 
polyethylene glycol 300 vehicle and 89% with a dextrose 
vehicle (86). 

The full extent of buprenorphine’s pharmacokinetics’ is 
important clinically. Opioids were previous classified as “weak” 
or “strong” based on their affinity for the mu-opioid receptor. 
This is ineffective if used clinically, as “weak” opioids are 
considered less likely to lead to addiction and adverse side 
effects. Classifying buprenorphine as a weak opioid is harmful 
because the drug can cause physiologic dependence and 
has the potential for analgesic benefits, if an opioid is deemed 
necessary for treatment. Without taking into consideration 
of factors such as method of administration or distinguishing 
myth from fact, this can lead to incorrect assumptions in the 
efficacy of the opioid prescribed. Additionally, without taking 
into account the full effects of the metabolites’ transduction 
based on method of administration, there can be side effects 
as a result of residual effects of buprenorphine’s metabolism. 
Continued efforts to better understand the complex 
pharmacodynamics and pharmacokinetics of buprenorphine 
and metabolites will result in a better appreciation of the risks 
and benefits of this ubiquitous opioid.
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