
PURPOSE
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
2015)1. Physician in the USA wrote 259 million opioid
prescription in 2012, enough for every household to have a
bottle of narcotics2. Development of modified release
tamper-resistant (MRTR) formulations of opioids, intended
to prevent dosage form manipulation by making them
harder to “crush, chew, inhale, insufflate, snort or inject”,
has been promoted as one strategy to prevent opioid
misuse. The approach has made it more difficult to misuse
MRTR formulations as shown in Figure 1 where a declining
trend after 2014 is observed.3 Nonetheless, the strategy
does not address all the issues related to detrimental
effects of opioids including overuse and overprescribing at
the population level. In this work an alternative and novel
abuse-deterrent MRTR system is developed and evaluated.

Figure 1. Declining trend after 2014 in use of tamper-resistant
formulations (TRF) and controlled release oxycodone (CRO).
Data modified from B. Larance et al. (2018).

CONCLUSION
Formulations with optimum composition
and manufacturing controls as part of
CQA’s including specific application of
force and polymeric ratios were
developed by direct compression and
demonstrated to be physically hard
matrices useful as a abuse-deterrent
systems and difficult to manipulate in in-
vitro studies according to the FDA
guidance's.

Matrices were not subjected to post
manufacturing sintering / oven heating
and curing step and this paradigm shift in
process resulted in matrices that were
crush-resistant and hard to tamper abuse.

Matrices maintained their desired and
sustained release properties in
comparison to tampered and crush-
resistant marketed products and
demonstrated to be robust and
impervious to manipulations.
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Polyethylene oxide (PEO) of varying MW having unique
viscoelastic characteristics as the main polymer together with
other materials (polymers, gums, aversive agents,
agonist/antagonists, etc.) were used as key component of the
matrix system. Compactibility of PEO/ingredients mixture were
evaluated using a compaction simulator at compression rate
similar to that of rotary presses using Heckel equation:
Ln 1/(1-D)=kP+A (Figure 3) to understand consolidation
mechanism and strain hardening aspect as porosity tended
toward zero. Matrices (6 or 12 mm diameter) containing
tramadol HCl/aversive agent (model drug) in binary or ternary
systems were compressed and their tensile strength, crush-
resistant properties (at 500 to 1000 N using an Instron
machine), dissolution rates (USP 34) and exposure to various
solvents/liquids (water/alcohol) were evaluated (Figure 2).

PEO has linear backbone structure and no side groups with a very low glass transition temperature (Tg,-70°C)
and melting point (55-70 °C). It has the ability to hydrate and produce a highly viscous bioadhesive gel while
progressively swells and slowly dissolves during dissolution study. Binary and ternary compositions of PEO with
either of acrylates, celluloses, polyvinylpyrrolidon (PVP) in ratios of 1:1, 2:1, 2:1:1 and 4:1 with the model drug
were compressed to achieve near zero porosity matrix using Heckel equation and analysis. Influence of
compression pressure, punch speed and various physical appearances of matrices subjected to tensile
measurements, struck with hammer, diametrical pressure (~700 N), and exposure to moisture is illustrated in
Figure 3.

Figure 3. Typical 
Heckel plots for 
various matrices with 
Polymeric (P/P) ratios 
(4:1) ; and  physical 
appearances of tablets 
when subjected to 
tensile measurements, 
exposure to liquid for 
different times and 
porosity reduction plot 
as pressure increased.

Figure 2. Tramadol Released (100mg) from 
extended release ADF tablets .USP 23 Apparatus 
II, 900 ml distilled water at 50 rpm,, 37 C (n=6).  
Formulations 1 = PEO WSR(MW 6000000)/XR 2:1,  
Formulation 2 = PEO (7000000)/XR 2:1.


