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Aim: The growing demand for analgesia, coupled with an increasing need to treat opi-

oid dependence and overdose, has escalated the development of novel opioids. We

aimed to quantify the number of opioid drugs developed and to catalogue them

based on their pharmacology.

Methods: We conducted a systematic search of seven sources in November 2020,

including the WHO's Anatomical Therapeutic Classification index, the British

National Formulary, the IUPHAR/BPS Guide to Pharmacology, the International Nar-

cotics Control Board Index of Names of Narcotic Drugs, the WHO's International

Nonproprietary Names MedNet service, Martindale's Extra Pharmacopoeia and the

Merck Index, to include opioid drugs that targeted or had an effect or coeffect at one

or more opioid receptors. We extracted chemical and nonproprietary names, drug

stems, molecular formulas, molecular weights, receptor targets, actions at opioid

receptors and classes based on their origins. We used descriptive statistics and calcu-

lated medians and interquartile ranges where appropriate.

Results: We identified 233 opioid drugs and created an online resource (https://

www.catalogueofopioids.net/). There were 10 unique drug stems, and “-fentanil”
accounted for one-fifth (20%) of all opioids. Most of the drugs (n = 133) targeted

mu-opioid receptors and the majority (n = 191) were agonists at one or more recep-

tors. Most (82%) were synthetic opioids, followed by semisynthetic opioids (16%)

and alkaloids (3%).

Conclusion: This catalogue centralizes and disseminates information that could assist

researchers, prescribers and the public to improve the safe use of opioids.
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1 | INTRODUCTION

In most high-income countries, prescribing of opioids has

increased,1–3 with corresponding increases in opioid dependence,

addiction and overdose.4,5 The growing demand for analgesia, coupled

with the need to treat and manage opioid dependence and overdose,

has incentivized the development of new and potentially less addic-

tive formulations of opioids and alternatives.6–8 Some estimate that
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thousands of opioids have been synthesized and investigated for their

various analgesic, antidiarrheal, antitussive and dependence-

producing properties,9 but the number of opioids is unknown and

there is no central repository that comprehensively catalogues their

names, types and pharmacological effects.

The increased use and development of opioids may not be

reflected in the confidence of prescribers or the knowledge of the

public. Studies in primary care have shown that providers often report

inadequate training of opioid prescribing for chronic noncancer

pain.10–12 Others have found that poor public knowledge of opioids is

a barrier in observational research and may drive over- and under-

reporting of opioid use and misuse.13,14 How a drug is named and

classified determines how it is used, and thus misnaming a drug or a

lack of knowledge of such names can cause confusion.15 A catalogue

of opioid drug names and their pharmacology could help bridge the

public's knowledge gap, aid prescribers when choosing an opioid and

centralize information for those developing the next generation of

opioids and their alternatives.

Several organizations and authorities have developed systems

to name, classify and index drugs (see Table 1). City pharmacopoeias

were the first to standardize and publish drug names, typically with

information on available formulations that included opium. These

were unified into national pharmacopoeias, such as the British Phar-

macopoeia, followed by national formularies, such as the British

National Formulary (BNF), and international pharmacopoeias. Drug

nomenclature systems followed, including chemical names (eg, the

International Union of Pure and Applied Chemistry [IUPAC] names),

nonproprietary or generic names (eg, International Nonproprietary

Names [INNs]) and manufacturers' proprietary or brand names. Drug

indexes and classification systems followed, including the World

Health Organization (WHO) Anatomical Therapeutic Classification

(ATC) index and the International Union of Basic and Clinical Phar-

macology/British Pharmacological Society (IUPHAR/BPS) Guide to

Pharmacology.

The ubiquitous use and increased development of opioids, and

the volume of naming and classification systems, highlight the need

for a centralized resource. The aim of this study was therefore to

systematically search relevant databases, to quantify the number of

opioid drugs developed, to create a robust list of opioid drug names

and to catalogue the opioids based on their pharmacological

properties.

2 | METHODS

We designed and conducted a systematic synthesis of online pharma-

cology databases and used pharmacological onomastics.15 The study

involved three phases, as displayed in Figure 1: development of the

list of opioid drugs, cataloguing the drugs based on their pharmacol-

ogy and development of an online resource. Here we focus on phases

one and two.

TABLE 1 A brief timeline of selected drug nomenclatures,
classification systems and indexes

Year Event

1618 London Pharmacopoeia first published

1820 United States Pharmacopoeia first published

1864 British Pharmacopoeia first published (merging the London,

Edinburgh and Dublin Pharmacopoeias)

1883 Martindale's Extra Pharmacopoeia first published

1886 Japanese Pharmacopoeia first published

1889 The Merck Index first published

1907 British Pharmaceutical Codex first published

1919 IUPAC established

1949 The BNF first published

1951 The International Pharmacopoeia first published

1953 The first list of INNs for pharmaceutical substances

published and becomes operational

The Pharmacopoeia of the People's Republic of China first

published

The BAN system created

1961 USAN council began

1969 European Pharmacopoeia first published

1977 WHO publishes the first model list of essential medicines

1981 The ATC/DDD index recommended by WHO as the

international standard for drug utilization studies

1996 Dictionary of pharmacological agents first published

1999 Concise dictionary of pharmacological agents first published

2003 IUPHAR & BPS develop the Guide to PHARMACOLOGY

ATC, Anatomical Therapeutic Classification; BAN, British Approved Name;

BNF, British National Formulary; BPS, British Pharmacological Society;

DDD, defined daily dose; INN, International Nonproprietary Names;

IUPAC, International Union of Pure and Applied Chemistry; IUPHAR,

International Union of Basic and Clinical Pharmacology; USAN, United

States Adopted Name; WHO, World Health Organization.

What is already known about this subject

• Opioids are widely used for analgesic, antidiarrheal and

antitussive effects or for recreational use.

• The many opioids that have been developed have varying

pharmacological properties.

What this study adds

• We identified 233 unique opioids from searching seven

data sources and the published literature.

• We have created a resource detailing variations in opioid

nomenclature, receptor targets and actions.

• This catalogue improves access to information for pre-

scribers, regulators, researchers and the public.
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2.1 | Search strategy and eligibility criteria

Two study authors independently searched seven data sources across

two time periods, first in January 2019 (GCR & JKA) and again in

November 2020 (GCR & KS). The seven sources were the WHO's

ATC index,16 the BNF,17 the IUPHAR/BPS Guide to Pharmacology,18

the International Narcotics Control Board (INCB) Index of Names of

Narcotic Drugs,19 the WHO's MedNet service for INNs,20 Mar-

tindale's Extra Pharmacopoeia21 and the Merck Index.22 We used

“opioid”, “opiate” and “narcotic” as search terms, as well as stems of

common opioids to identify derivatives such as “-fentanyl” and

“-orphine”. We included opioids if they were defined as medicaments

and targeted or had an effect or coeffect at one or more opioid

receptors, including mu (MOP), delta (DOP), or kappa (KOP) recep-

tors, or the nociceptin receptor (NOP). We excluded medicaments

that did not have an IUPAC name. Endogenous opioids or opioids that

were metabolites, peptides, intermediates or analogues, or raw

opioid-related materials were also excluded from the list unless they

were synthesized as medicaments. During the second search (GCR

and KS) we consulted an experienced clinical pharmacologist (JKA)

when the eligibility criteria for inclusion or exclusion were unclear.

2.2 | Phase 1: List of opioid drugs

Following each of the searches, one study author (GCR) combined the

lists of opioids, compared the included drugs, and removed duplicates.

We did not perform a formal systematic search of databases

containing published literature (eg, MEDLINE) and the wider web.

However, from reading reviews and studies on opioid pharmacology

and searching the web to confirm the opioid status of drugs for

inclusion, we identified and added novel opioids to the list from the

published literature and Wikipedia23 if they had not been identified in

the seven databases. For each drug, the database that included the

drug and the chemical name (IUPAC from PubChem24) and non-

proprietary names (BANs, USANs and INNs from the WHO's MedNet

service20) was extracted into a Google Sheet and ordered alphabeti-

cally. We used nonproprietary names as index names for the

catalogue. If no INN was available, the BAN or the name reported in

the BNF was selected, otherwise the next most familiar name was

used. For example, diacetylmorphine (heroin) does not have an INN

but is listed as diamorphine in the BNF, so this was selected as the

index name. The stem of each opioid (suffix or prefix), defined using

the WHO's Stem Book 2018,25 was used to group drugs and to

calculate the percentage occurrence for each group. Medians and

IQRs were calculated where appropriate.

2.3 | Phase two: The cataloguing of opioids by
pharmacological properties

One study author (KS) extracted pharmacological data into a Google

Sheet for each opioid in the list, including the molecular formula,

molecular weight (g/mol), receptor targets (ie, MOP, DOP, KOP or

NOP), actions at opioid receptors (ie, agonist, partial agonist and antag-

onist, or mixed), and class based on their origin of discovery or devel-

opment (ie, alkaloids, semisynthetic or synthetic). Each drug name was

searched for in PubChem, the IUPHAR/BPS Guide to Pharmacology,

the published literature (via PubMed) and Google when necessary to

extract the pharmacological data for phase two. Descriptive statistics

were used, and medians and IQRs were calculated where appropriate.

We used WIX.com to create the website that hosts the database.

We have not included inverse agonism, since the phenomenon

often depends on the effect of an opioid on receptors in different

states. Neutral antagonists and weak partial agonists can act as inverse

agonists after treatment with an agonist.26 For example, naloxone can

act as an inverse agonist after treatment with morphine27; in vitro,

GSK1521498 behaves as an inverse agonist when the MOP receptor is

overexpressed, but behaves as an antagonist at low receptor levels.28

2.4 | Statistical software and open science
practices

We registered our study protocol on the Open Science Framework

(OSF),30 and share all data, code and figures openly at GitHub,31

which is also shared openly via our OSF project page.32 We used

pandas,33 seaborn34 and matplotlib35 modules in Jupyter Notebooks,

with Python v3 for analysis and to create figures.

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS guide to PHARMA-

COLOGY, and are permanently archived in the Concise Guide to

PHARMACOLOGY.29

F IGURE 1 Three phases of research to
develop the Oxford Catalogue of Opioids. This
article outlines phases one and two, which
develop the list of opioid drugs and catalogue the
drugs based on their pharmacology
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3 | RESULTS

We identified 233 unique opioids from seven data sources, the litera-

ture and Wikipedia (Figure 2). The WHO MedNet database of INNs

contained the most (73%), followed by the INCB report (52%), the

Merck Index (47%), Martindale (29%), the Guide to Pharmacology

(28%), the ATC index (24%) and the BNF (13%) (Figure A1). The

sources contained a median of 68 opioids (IQR 61-115) and each drug

was identified in a median of two data sources (IQR 1 to 4 sources).

There were 10 unique drug stems, “-fentanil” (20%) being the most

common (Table 2 and Figure A2). All drugs had an IUPAC name and

27% of drugs did not have an INN. The complete list of 233 drugs in

the Oxford Catalogue of Opioids, their chemical names and the data

sources in which the drugs were identified are presented in Table A1.

3.1 | Cataloguing opioids by their pharmacological
properties

The opioids had a median molecular weight of 348 g/mol (IQR

299-393). There was a large amount of missing data for the receptor

targets and the effects at opioid receptors (Table 3). Most drugs

F IGURE 2 Flow diagram of the searches conducted in phase one to identify drugs for inclusion in the Oxford Catalogue of Opioids

TABLE 2 The 10 stems of the drugs in the Oxford Catalogue of Opioids according to the WHO's Stem Book 2018

WHO stema Description Frequency (%) Examples

-adol or -adol- Analgesics 25 (10.7) Acetylmethadol

-azocine Narcotic antagonists/agonists related to

6,7-benzomorphan

18 (7.7) Anazocine

-eridine Pethidine derivatives 12 (5.2) Carperidine

-ethidine Pethidine and derivatives 4 (1.7) Benzethidine

-fentanilb Opioid receptor agonists, analgesics, fentanyl

derivatives

47 (20.2) Alfentanil

nal- or -nal- Opioid receptor antagonists/agonists related to

normorphine

14 (6.0) Methylnaltrexone

-orphan/ol Opioid receptor antagonists/agonists, morphinan

derivatives

13 (5.6) Butorphanol

-orphine Opioid receptor antagonists/agonists, morphinan

derivatives

20 (8.6) Acetorphine

-orphinol Opioid receptor antagonists/agonists, morphinan

derivatives

1 (0.4) Hydromorphinol

-orphone Opioid receptor antagonists/agonists, morphinan

derivatives

5 (2.1) Oxymorphone

No stems … 74 (31.8) Alphaprodine; clonitazene

aSince compiling this table we identified an 11th stem, -opran (e.g., axelopran).
bThe stem -fentanil includes novel analogues which do not have INNs.
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targeted MOP receptors (n = 133) and were agonists (n = 191) at one

or more receptors. Seven naturally occurring alkaloids accounted for

3% of all opioids: codeine, morphine, narceine, noscapine, oripavine,

paraveretum and thebaine. Most of the drugs (82%, 190 of 233)

were synthetic opioids and 15.5% were semisynthetic opioids

(36 of 233). We have created an online resource (https://www.

catalogueofopioids.net/) that displays this information and will be

updated as phase three progresses.

4 | DISCUSSION

We identified 233 unique opioid drugs from seven sources and cre-

ated an online resource at https://www.catalogueofopioids.net/.

There were variations in the numbers of opioids identified from each

source; the WHO's MedNet service of INNs included the most drugs

and the BNF the fewest. This variation can be attributed to the type

and purpose of each source. There were 10 unique drug stems, one-

fifth representing “-fentanil”. Most drugs targeting MOP receptors

were agonists at one or more receptors and were synthetic opioids.

Further research will expand the development of the catalogue and

create a visual platform that will aid prescribers and inform patients,

carers and other members of the public about the properties and

safety of opioids.

A review of opioid pharmacology in 1983 estimated that thousands

of opioids have been synthesized and investigated for their various

properties.9 Previous research synthesized information about opioids

included in national Essential Medicines Lists using the ATC index,

which found 33 unique opioid drugs.36 However, it was not clear how

many opioids existed, nor was there a centralized repository of informa-

tion that combined the various naming and classification systems. To

the best of our knowledge, this is the first study to systematically deter-

mine the number of available opioid medicaments and to assess opioid

nomenclature and pharmacology. We used systematic methods to

search a variety of sources, conducted in duplicate. We named opioids

using nonproprietary drug names (eg, INNs where possible), which have

more therapeutic utility and reduce the risk of medication errors.37,38

Despite using systematic methods, it is possible that there are

other opioids that we have not identified from our search owing to

reporting biases. Various limitations, such as spelling variants, look-alike

and sound-alike names, the use of different nomenclatures for a single

drug, drug abbreviations and the implications of chemical salts,38–41

were considered throughout the study, but may have resulted in opi-

oids being omitted. There was a large volume of missing data for recep-

tor targets and effects at receptors. We used manual methods to

search the seven sources, and despite updating the search, methods

will need to be developed to automatically and efficiently update the

catalogue to reflect discoveries and progress in opioid pharmacology.

Inconsistent drug names can put patients and the public at risk of

harms, and can affect the ability and quality of evidence synthesis and

knowledge generation. While there are national and international stan-

dards for drug nomenclature, and authorities and organizations (eg,

IUPAC and the WHO) and regulatory bodies to approve such names, all

opioids identified in our study may not have been through such pro-

cesses, owing to either their maturity or their infancy. For example,

morphine was first marketed by Merck in 1827, long before drug

nomenclature standards existed, and various novel opioids are being

identified on the black market, such as the rise in fentanyl analogues.42

A consolidated list of opioids could therefore harmonize discrepancies

and standardize nomenclature, which has been found to reduce confu-

sion, medication errors and unwarranted variation, as well as improve

medication knowledge, adherence, training and communication.38,43,44

Poor knowledge of opioid drugs is a significant barrier to

assessing metrics of opioid use and misuse.15 This list of opioids and

the cataloguing of drugs based on their pharmacology could assist

opioid researchers, drug developers, prescribers and the public. A

centralized list of opioid drugs could be used in evidence synthesis

and observational research to streamline the identification of studies

or prescribing data. For systematic reviews, the list of opioids could

be used to create a list of opioid search terms that includes chemical,

proprietary and nonproprietary drug names. For drug utilization

studies, the 233 opioids could be used to design product code lists for

databases, such as the Clinical Practice Research Datalink (CPRD).

Regulators and pharmaceutical companies could use the list to assist

generating names for new opioids. The catalogue could assist drug

developers by elucidating the heterogeneous nature of opioids,

helping to create comparisons of existing opioids and providing a

single repository of information to develop less addictive opioids.

At present (December 2020), the website disseminates the list of

drugs and their pharmacology in a searchable database. Future

research will be required to develop the catalogue and create

methods that automatically and efficiently update the list of opioid

drugs. Patient and public involvement and engagement (PPIE) with

key stakeholders (eg, patients and prescribers) will be needed to

TABLE 3 Opioid receptor targets and
their effects at opioid receptors for the
233 drugs in the Oxford Catalogue of
Opioids

Receptors Na (%) Agonist Partial agonist Antagonist Mixed Totalb

MOP 140 (60) 103 8 18 4 133

DOP 84 (36) 40 3 16 1 60

KOP 84 (36) 45 8 15 1 69

NOP 10 (4) 3 1 - - 4

Total (%) 191 (82) 20 (8.6) 49 (21) 6 (3)

aAvailable data for all 233 opioids.
bSome drugs affect more than one receptor, hence total is greater than 233.

Abbreviations: DOP, delta-opioid; KOP, kappa-opioid; NOP, nociception; MOP: mu-opioid.
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ensure that the catalogue meets the needs of the target audiences

and is useful in improving knowledge and training of prescribers and

promoting the safe use of opioids. Maintaining and developing the

catalogue will be a continuous process and we shall welcome feed-

back or contributions as it evolves.

4.1 | Conclusions

The Oxford Catalogue of Opioids (https://www.catalogueofopioids.

net/) includes 233 unique opioid drugs and collates their nomencla-

ture and pharmacological properties. Consistent nomenclature is

essential for improving the safety and communication of medicines

between patients, prescribers, manufactures, regulators and

researchers. Future research will expand the catalogue to create a

visual platform that will assist prescribers, researchers and regulators,

and improve knowledge about opioids and their safe use.
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