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The Quest for Safer Opioid Drugs
 Opioid drugs are well-established double-edged 

swords. Extremely effective at analgesia, they 
cause an array of harmful side effects throughout 
the body, including itching, constipation, and 
respiratory depression—the slowed breathing 
that ultimately causes death in overdose cases. 

 What’s more, the body’s interaction with opioids 
is dynamic: our receptors for these compounds 
become desensitized to the drugs’ activity over 
time, requiring ever larger doses to suppress pain 
and eventually provoking severe dependence and 
protracted withdrawal.

 In the past few years, these side effects have 
plagued growing numbers of US citizens, plunging 
the country into the throes of a devastating 
opioid crisis in which nearly 100 people die from 
overdoses every day.

Even so, opioids are still among the most effective pain-
relief options available. Over hundreds of years, opioid 
receptors have remained a target.

From Jenny Rood ; TheScientist, Jan.2018.
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Schematic diagrams representing 3 pain mechanism and examples
(From: Phillips K, Clauw DJ. Central pain mechanisms in chronic pain states: maybe it is all in their head. Best Pract Res Clin Rheumatol. 2011;25:141–154).

Cancer Pain
Surgery Pain
Severe Pain

Types of Pain:
Acute pain, 
Chronic pain, 
Breakthrough pain, 
Bone pain, 
Soft tissue pain, 
Nerve pain, 

Referred pain, 
Phantom pain 
Total pain: Includes emotional, 
social and spiritual factors that 
affect a person’s pain experience.
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Estimates of pain prevalence and 
severity in the USA in 2012:
 Pain persistence 
 Pain bothersomeness

J Pain. 2015 Aug; 16(8): 769–780.

Pain Impacts 100’s of millions 
of people across the world

• As the famous 17th-century physician Thomas Sydenham (1624-1689) put it:     
“Among the remedies which it has pleased Almighty God to give to man to relieve his 
sufferings, none is so universal and so efficacious as opium.”

• There is evidence to suggest that as of 3000BC the opium poppy “P. somniferum” from 
Papaveraceae family was cultivated for its naturally occurring alkaloids namely 
morphine, codeine, papaverine and thebaine. 

• Morphine is the archetypal opioid analgesic to which all other painkillers are compared. 
• Morphine was first isolated between 1803 and 1805 by Friedrich Sertürner
• Merck began marketing it commercially in 1827
• In 1853 hypodermic needle was invented which led to the more precise and widespread 

clinical use of morphine.
Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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Opium, 
Opioids
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 Equianalgesic doses of oral 
opioids:
 Morphine 10 mg
 Hydromorphone 2 mg
 Oxymorphone 2-6 mg
 Oxycodone 5-7.5 mg
 Codeine 75-90 mg
 Tramadol 50 mg
 Fentanyl lozenge 200 µg                           

(In 2016, more than 20,000 deaths occurred in 
the United States due to overdoses of fentanyl)

 Carfentanil is 10,000 times 
stronger than morphine

*Morphine dose /24 h = 5mg

From KERRY GRENS, 2014, Pain and Progress, TheScientist

OPIOID RECEPTORS IN THE BODY:

Opioid receptors are dispersed throughout the body

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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(Reward pathway)

Functioning of the brain's reward 
system: mesolimbic pathway

1. Ventral tegmental area – Found in the 
midbrain, this area produces dopamine and 
forms part of one of four major dopamine 
pathways in the brain. Affected by drugs 
including nicotine, alcohol and opioids (eg
heroin).

2. Nucleus accumbens – A small region in the 
forebrain with ancient evolutionary origins, 
which helps regulate survival drives like food 
and thirst. Affected by drugs including cocaine, 
amphetamine, cannabinoids (eg cannabis) and 
opioids (e.g. heroin).

3. Prefrontal cortex – Part of the frontal lobe 
that is involved in many cognitive functions, 
including memory, language, planning and 
decision making
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Neuroplasticity will allow 
the brain to change

Dreyer J.L. (2010), Genome Med. 2 (12):92

The dysregulation of the mesolimbic pathway 
plays a significant role in the development and 
maintenance of an addiction.
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What is the Regulatory and/or FDA opinion?
• Escalation in use of pharmaceutical opioids and opioid-related harms such 

as overdose and addiction in North America, Europe, and Australia is well-
documented.

• Data for USA show 18000 deaths in 2012 vs 33000 deaths in 20151.
• Physician in the USA wrote 259 million opioid prescription in 2012, enough 

for every household to have a bottle of narcotics2.

• The FDA is encouraging the development of prescription opioids with 
abuse-deterrent formulations (ADFs) to help combat the opioid crisis. 

• The agency recognizes that abuse-deterrent opioids are not abuse- or 
addiction-proof but are a step toward products that may help reduce 
abuse.
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Industrial Pharmacy 9

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 10

 The drug’s manufacturer, Purdue Pharma, pleaded guilty and agreed to pay more than $600 
million in fines in 2007 for misleading the public about the risks of OxyContin. 

 But the drug continued to rack up blockbuster sales, generating more than $22 billion over the 
last decade.

 WATCHDOG REPORTS
 9 of 19 experts on pain panel tied to drug 

companies

 Dr. B.M.S.-MD, now in prison (sentenced 
to 150 years).  He prescribed as many as 
20,000 pills a year to patients.

 President of pain society get paid by drug 
industry.

The Associated Press and the Center for Public Integrity recently reported that pharmaceutical companies 
and their associated advocacy groups spent $880 million between 2006 and 2015 on activities that included 
efforts to influence federal and state opioid policies — outpacing spending by the gun lobby.
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Note: Oxycodone extended 
release (Oxycontin ER) which 
was reformulated using Post 
production heating, sintering 
and curing captured most of 
opioids sold (i.e. Over 3.35 
million prescription in 2017).

(German company Grunenthal).

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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The FDA uses IQVIA's drug 
sales data to assess the 
scope of prescription opioid 
use and evaluate trends.

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidanc
es/ucm334743.pdf

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 12

Original ER OxyContin vs ER ADF after being struck with hammer
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What is an Abuse Deterrent (ADF) Opioid Formulation

• Delivering the opioid in a form that cannot be manipulated and abused. 
• In other words develop Abuse-Deterrent Formulation (ADF) properties that 

are expected to meaningfully deter certain types of abuse and /or make 
abuse more difficult or less rewarding.      

• Make manipulation and abuse difficult:
Swallowed
Crushed and swallowed
Crushed and snorted
Crushed and smoked
Dissolved and injected

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 13

*There is still a knowledge gap in the scientific understanding pertaining to optimizing regulatory assessment of ADF.

Between 2010 and 2017, FDA provided guidelines and approved 10 brand-name oral 
opioids with labeling describing AD properties 

For generic drugs, the key regulatory challenge in abuse deterrence evaluation is the need to 
develop rigorous, meaningful and reliable measures to determine “non-inferior abuse 
deterrence” of generic versions of proprietary ADF

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 14
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Studies Required by FDA for the Review of Abuse 
Deterrence Characteristics

March, 2016: FDA released draft guidance: “General Principles for Evaluating the 
Abuse Deterrence of Generic Solid Oral Opioid Drug Products”

Abuse-Deterrent Categories

• Physical/chemical barriers 
• Agonist/antagonist combinations 
• Aversion 
• Delivery system – All routes of administration
• New molecular entities and prodrugs 
• Combination – Two or more of the above methods
• Gel forming systems or Novel approaches – This 

category encompasses technologies that are not 
captured in the previous categories.

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 16
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Examples of ADF based on Gel forming systems 

Diagram of sintering in a pharmaceutical tablet High (70HP) and low (70LP) initial porosity

SEM for 15h  Sintered            Non-Sintered

70% PEO

PEO
From: Heather J. Boyce , Ph.D. dissertation 2017.

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 18

SEM
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Models describing nature of materials and their actual transformation 
during consolidation 

Sintering and/or shearing affects: 
 Porosity 
 Number of bridges 
 Degree of polymer crystallinity 
 Degree of drug incorporation 

into polymer 

Fassihi, R., Parker, M.S. (1987) Inimical effects of compaction speed on 
microorganisms in powder systems with dissimilar compaction mechanisms.               
J Pharm Sci 76(6):466–470.

Fassihi, R., Parker, M.S. (1987) J Pharm Sci 76(6):466–470

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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Heckel plots for high-methoxylated pectin (□), Avicel PH 101 (∆) and 50/50 
pectin/Avicel blend (ο ) at a thickness of 3.0 mm and compaction rate of 20 rpm.
Compaction profiling was carried out using a compaction simulator and data 
derived using Rippie and Danielson equation for a rotary press.                                                              
From: Fassihi et.al. International Journal of Pharmaceutics 161 (1998) 149–159.

Heckel Relationship:

Rippie and Danielson 
equation:
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Polyethylene Oxide (PEO)

• PEO is a thermo-responsive polymer, known for its 
strength-imparting properties in a solid dosage form, 
particularly when treated thermally.

• PEO is amenable to thermal processes such as hot 
melt extrusion and sintering. 

• The key properties of PEO that makes it a useful 
component of an ADF formulation include:

• availability of high molecular-weight grades (1,000,000 to 
7,000,000 Mw), 

• the molecule’s linear backbone and lack of side groups,
• a low glass transition temperature (T g -70°C) and 
• low melting point (Tm 60 to 70°C).

In addition, PEO is known to form  highly viscous, bio-
adhesive gels when exposed to moisture.

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 21

72.4°C

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 22

Drug Development and Industrial Pharmacy, 27(8), 789–801 (2001)

Reza Fassihi et.al. Journal of Pharmaceutical Sciences; Vol. 85, No. 10, October 1996

Porosity compaction profileEffect of punch velocity on Heckel plots of WSR-

303 bulk sample (□ , 50 mm s-1; , 250 mm s-1).

K is the slope and its reciprocal is taken 
to be the yield pressure Py .

POLYOX (Polyethylene Oxide):



8/28/2019

12

Ln 1 / (1-D)= k P+ A

D = ρtap  / ρ0 (true)

Closer look at Heckel Equation:

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 23

In situ sintering and shear affects: 
Porosity 
Number of bridges 
Degree of polymer crystallinity 
Degree of drug incorporation into polymer 

RE: Filing Status: Temple Ref. C2019-008
Patent filing status: Abuse deterrent delivery system.
U.S. Application No. 62/747,680.

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 24

Inter and Intra molecular interaction and full connectivity at “Percolation Threshold” 

Fassihi-not published

Bond Percolation and 
phase transition
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Overall summary

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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 During consolidation particles grow together and lose their individuality, by diffusion over the contact 
interfaces, transitions of the composition and structure between the primary particles occur. 

 With increases in pressure energy levels elevate with broad energy distribution and inter-particulate contacts 
at stressed loci.   

 Extremes of energy levels in very small regions results in hot spots with rapid changes in energy levels with 
very short half life (fraction of seconds). 

 Asperity melting happens and complete solidification occurs. 
RE: Filing Status: Temple Ref. C2019-008
Patent filing status: Abuse deterrent delivery system.
U.S. Application No. 62/747,680.

Tablets exposed to agitation and dissolution at different times

2 hr 4 hr 6 hr 8 hr

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 26

Fassihi-2018
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During consolidation particles grow together and lose their 
individuality, by:
 diffusion over the contact interfaces,
 transitions of the composition and structure between 

the primary particles. 
With increases in pressure energy levels elevate with broad 

energy distribution and inter-particulate contacts at 
stressed loci.   

Extremes of energy levels in very small regions results in 
hot spots with rapid changes in energy levels with very 
short half life (fraction of seconds). 

Asperity melting happens and complete solidification 
occurs. 

Remarks:

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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Embedding of a sensor (microchip) in the ADF Via layered 
technology or 3D printing to monitor use or misuse of the 

product by the consumer

FDA Approved First 3D-printed tablet 
(First approved August 3, 2015)
Brand name: Spritam
Generic name: levetiracetam
Dosage form: Tablets
Company: Aprecia Pharmaceuticals Company
Treatment for: Seizures, Epilepsy

FDA approved first digital pill (Nov.2017):
It can track whether you’ve taken the 
tablet or not- Antipsychotic drug: Abilify
Brand name: Abilify MyCite

RE: Filing Status: Temple Ref. C2019-008
Patent filing status: Abuse deterrent delivery system.
U.S. Application No. 62/747,680.
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FDA approved first digital tablet (Nov.2017) that can track whether you’ve 
taken the dosage form : Antipsychotic drug: Abilify

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 29

This approach could be based on 
layered tablets or 3D printing of 
ADF.

ADF can have one or two chip in the two or three 
layered Tablet or Caplet or any dosage form for oral 
administration including sublingual and ODT.

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 30

Once activated, the chip — only 1 millimeter on a side, and 0.3 mm thick — sends a 
very simple signal, one that encodes only a single number. That number identifies the 
ADF dosage form and tells the wearable (or health system) that it has been ingested.

Embedding of a sensor that 
consists of a digestable
silicon chip (copper & 
magnesium) with the logic 
circuit. 

RE: Filing Status: Temple Ref. C2019-008
Patent filing status: Abuse deterrent delivery system.
U.S. Application No. 62/747,680.
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Extrusion-based 3-dimensional (3D) printing
Conventional and 3D embedding of the chip in tablet

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
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Conclusion: 
Drugs of abuse have effects at multiple biological and social levels

Drugs 
of 

Abuse

Social & 
Behavior

Protein 
expression

Genome

Neuronal 
circuits

Memory and Relapses 

PET images show the effects of chronic drug 
exposure on proteins and glucose metabolism: 
Cocaine markedly reduces dopamine D2 receptor availability

fMRI show differences in brain 
activity patterns which reveals 
a range of issues.

Brain is “rewired” to tolerate more of 
drug and addicted individual needs more 
of drug to feel the euphoria!

Nora D. Volkow et.al. The Journal of Clinical Investigation (2003).

Opioids Boost Dopamine, giving 
some people a high
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Treatment and Recovery
Recovery of brain function with prolonged abstinence

Healthy Control METH abuser METH Abuser
1 month abstinence 14 months abstinence

Reza Fassihi, Ph.D., Professor of Biopharmaceutics and 
Industrial Pharmacy 34

Patient-Centricity
“Personalized learning” 

Comprehensive 
approach to addressing 

the overall issue of 
prescription opioid 

abuse 

Prescription opioids 
offer a therapeutic 

option for the 
management of pain

Pain relief and Pain 
management 

(Medications & 
Procedures) 

Patient education, 
Counseling and 

Psychological Support

Self-management  of 
health conditions
Empathy between 

physician/pharmacist 
and patient

Opioid medications 
can  lead to physical 
and psychological 
dependence

An integrated interdisciplinary approach to address “Opioid use 
Disorder” and push toward true patient-centricity

Addressing “opioid use disorder”
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My message to graduate students :

Get addicted to Personalized learning especially in research just 
like what it takes to grow-up in this world rather than just age !!! 

Open your mind to the huge myriad of activities and events that 
are taking place all around.

Learning activities are meaningful and relevant in a holistic way 
so sincerely be holistic in your thought and action.  

Thank you.


