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Buprenorphine analogue BU08028 is one step
closer to the Holy Grail of opioid research
Jun-Xu Lia,1

Pain is a major clinical, social, and economic problem,
affecting more people than diabetes, heart disease, and
cancer combined (1). Pain medicine represents a large
family of compounds that are commonly prescribed or
sold over-the-counter for treating various painful condi-
tions. Among these medications, opioids stand out as
the most efficacious for the control of moderately severe
to severe pain and are widely used. Despite their effec-
tiveness, opioid use has its “dark side”: opioids produce
many clinically significant side effects, from pruritus, con-
stipation, dependence, to respiration depression. In ad-
dition, opioids are among the most abused drugs and
prescription opioid abuse has reached an epidemic level
in recent years. Opioids are truly a double-edged sword.
For decades, research pursued the “HolyGrail” of opioid
analgesic research: the development of opioids that re-
tain the analgesic efficacy with reduced side effects. In
PNAS, Ding et al. (2) report a systematic evaluation of a
novel opioid, BU08028, which may lead us one step
closer to this ultimate goal.

Efforts to Create a Better Opioid Analgesic
Human use of opium poppy for religious rituals and for
treating various ailments can be dated back thousands
of years. A brief historical review on this topic was
published in this journal (3), and no attempt will be
made here to reiterate this history. Although morphine
was discovered as the primary active component in
opium poppy responsible for analgesia more than two
centuries ago, scientific understanding of its pharma-
cology is a relatively recent event. There exists a fine-
tuned endogenous opioid system in our body that is
involved in various biological processes critical for our
survival, which includes several endogenous peptides
and four different receptors to which these peptides
bind: μ, δ, κ, and nociceptin (NOP) receptors (4). Since
the 1950s, dozens of synthetic and semisynthetic opi-
oids have been developed and used clinically for pain
management, treatment of opioid addiction, and res-
cue of opioid overdose. These opioids represent de-
cades of collective efforts from medicinal chemists and
pharmacologists, and are largely the result of tweaking
the efficacy and affinity of the compounds on opioid

receptors. They include compounds ranging from
highly efficacious and potent opioids, such as fentanyl,
and along the spectrum of efficacy all of the way down
to opioid antagonists, such as naloxone. However,
these compounds were mostly developed before the
opioid receptors were identified and most primarily
act on μ- or κ-opioid receptors. Because analgesia
and many adverse effects of opioids are attributable to
the activation of μ-opioid receptors, it is not surprising
that the adverse effects, such as respiratory depression
and abuse, are highly correlated with their analgesic ef-
ficacy. In fact, the drugs that are most widely used in the
clinic such as hydrocodone, are among the most widely
abused drugs.

The δ- (DOR) and μ-opioid receptors (MOR) were
cloned in 1992 and 1993, respectively (5–7). Since then
there has been an explosion in our understanding of how
opioids work at the molecular level. In recent years,
equipped with this new knowledge, great efforts have
been made and many creative approaches have been
tried to develop better drugs for treating pain. For ex-
ample, MOR activation leads to two different signaling
pathways: G protein signaling and β-arrestin recruitment,
the former being associated with analgesia and the latter
being associated with opioid adverse effects, such as
respiratory depression and reduced gastrointestinal
transit. The ability of drugs to activate, preferentially or
not, two or more pathways is termed “functional selec-
tivity” and an agonist that activates one pathway over the
other is called a “biased agonist.” TRV130 is a G protein-
preferring biased agonist at MOR that is currently under
clinical development, and initial clinical trials demon-
strated that TRV130 has analgesic activity that is similar to
classic MOR agonists such as morphine, but produces
less opioid-induced side effects (8). Another strategy that
has been actively pursued is to retain the analgesic ef-
fects of opioids while reducing their abuse liability by
using different abuse-deterrent techniques. For ex-
ample, Suboxone is a sublingual tablet preparation that
combines theMOR agonist buprenorphine and theMOR
antagonist naloxone and is used to treat opioid
dependence and pain. When taken orally, naloxone
goes through extensive first-pass metabolism. However,
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if taken parenterally for nonmedical use by opioid-dependent
patients, naloxone precipitates a withdrawal syndrome, thus
deterring its abuse (9). It is yet to be seen whether these ap-
proaches will lead to breakthrough in the treatment of pain or
addiction.

Bifunctional Opioid Agonists as Novel Analgesics
As reported by Ding et al. (2) in PNAS, BU08028 represents another
innovative approach to develop efficacious yet less-addictive opioid
analgesics. Most opioids bind to more than one opioid receptor. The
earlier classification of opioid mixed agonist-antagonists include opi-
oids that act as an agonist or partial agonist at one receptor and an
antagonist at another (e.g., pentazocine andbutorphanol) and opioids
that act as a partial agonist at a single receptor (buprenorphine).
Among these drugs, buprenorphine is particularly interesting (Fig. 1).
Buprenorphine is a partial agonist at MOR and also has very low ef-
ficacy at the NOP receptor. Buprenorphine is widely used in both
human and veterinary medicine to treat pain and is also used to treat
opioid dependence (10). However, buprenorphine shares many ad-
verse effects with other opioid receptor agonists, including abuse
potential. Recent research suggests that pharmacological agonists of
NOP receptors are effective in several rodent and nonhuman primate
models of pain without effects that would predict abuse (11, 12).
Therefore, NOP receptor agonists could represent a novel class of
analgesics in their own right. An alternative reasoning is that if
buprenorphine can be chemically modified to preserve its activity at
MORwhile improving its activity at NOP receptors, it may be possible
to create a bifunctional μ/NOP opioid agonist that is superior to
buprenorphine. The study by Ding et al. (2), supported by the Na-
tional Institute of Drug Abuse/National Institutes of Health, which has
a long-term history of supporting the development of nonaddictive
analgesics, did just that.

Initial efforts to modify buprenorphine yielded BU72, a bridged
pyrrolidinomorphina, which turned out to be a highly efficacious
MOR agonist. BU72 is an effective analgesic with significant re-
spiratory depression activity, which precluded it from further devel-
opment (13). The same chemists’ recent medicinal chemistry efforts
yielded another buprenophine analog, BU08028 (Fig. 1), which in
vitro has similar efficacy at MOR but much higher efficacy at NOP
receptors compared with buprenorphine (14). In mice, BU08028
demonstrated long-lasting antinociceptive effects in a tail flick pain

assay and the effect is primarily mediated through MOR (14). Im-
portantly, BU08028 also produced conditioned place preference in
mice, a paradigm that measures the rewarding effect of drugs, sug-
gesting that BU08028 might have clinically relevant abuse liability
(14). The report by Ding et al. (2) represents a significant advance
from the prior study in using mice in that it used highly translational
nonhuman primate models to systematically assess both therapeutic
effects (analgesia) and several safety related effects that are associ-
ated with the clinical use of opioids.

Nonhuman primates may have better translational value than
rodents because of their many similarities to humans in physiol-
ogy, neuroanatomy, reproduction, and social complexity (15).
Ding et al. (2) found that in two different monkey pain models,
BU08028 dose-dependently produced antinociception (warm water
tail withdrawal assay) and reduced thermal allodynia (capsaicin-in-
duced thermal allodynia), being 10-fold more potent and lasting
longer than buprenorphine. This finding contrasts what was observed
in mice, where buprenorphine was at least 10-fold more potent than
BU08028 (14). More importantly, the antinociceptive effect of
BU08028 was significantly attenuated by the opioid receptor an-
tagonist naltrexone and the NOP receptor antagonist J-113397.
These findings also contrast results in mice, where there was no
evidence that BU08028-induced antinociception was mediated
through NOP receptors (14). These qualitative differences em-
phasize the importance of examining drug effects across multiple
species before moving to human clinical trials, and further sup-
port the value of nonhuman primates in the development of an-
algesic drugs. The Ding et al. (2) study also examined several
clinically significant adverse effects associated with opioid use:
pruritus, abuse liability, respiratory depression, and physical de-
pendence. The use of nonhuman primates to study these effects
in the field of opioid behavioral pharmacology is time-consuming,
technically challenging, but highly desirable, because over half a
century of preclinical research has convincingly demonstrated the
high predictive validity and translational value of these procedures
(16). Unlike the MOR agonist fentanyl, which produced robust
scratching at a dose that produced the maximal possible anti-
nociceptive effect in both pain assays, BU08028 failed to produce
scratching. This result might be due to the limited efficacy of
BU08028 at MOR. In the intravenous self-administration procedure,
an assay that is considered the “gold standard” for measuring the

Fig. 1. The chemical structures of buprenorphine and BU08028.

10226 | www.pnas.org/cgi/doi/10.1073/pnas.1612752113 Li

www.pnas.org/cgi/doi/10.1073/pnas.1612752113


positive reinforcing effects of drugs (16), BU08028 failed to maintain
self-administration behavior higher than saline, which is in contrast to
high rates of self-administration maintained by cocaine and theMOR
agonists remifentanil and buprenorphine. A progressive ratio pro-
cedure that measures reinforcing strength further confirms the
limited positive-reinforcing effects of BU08028, suggesting that
BU08028 has limited, if any, abuse liability. At a dose of BU08028
10 times larger than the dose that produced maximal anti-
nociceptive effects, BU08028 failed to affect respiration rate,
minute volume, or tidal volume, further demonstrating an ex-
cellent safety profile of BU08028 and confirming its limited ef-
ficacy at MOR. Finally, Ding et al. (2) examined the physical
dependence potential of BU08028. Unlike morphine treatment,
which produced significant physical dependence as evidenced
by naltrexone-precipitated withdrawal signs that included in-
creased respiratory and cardiovascular activity, neither naltrex-
one nor the NOP receptor antagonist J-113397 precipitated signs of

withdrawal in monkeys treated with BU08028. This study describes
a buprenorphine analog that is a bifunctional μ/NOP receptor
partial agonist, with significant analgesic activity and a superior
safety profile compared with buprenorphine. This finding validates
μ/NOP receptor dual agonism as a viable strategy to develop next-
generation safe and nonaddictive drugs for treating pain.

The use of nonhuman primates, the determination of full dose-
effect curves, and the incorporation of both therapeutic and safety
pharmacology assessments strengthen the potential value of these
results and boost confidence of quickly translating these findings to
clinical trials and eventually medical practice. This research strategy
should be encouraged in the preclinical evaluation of other drugs for
treating pain in particular, and any new chemical entities in general.
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