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Abuse-deterrent formulation (ADF) is a strategy to mitigate the abuse of
prescription opioid products. An example is oxycodone HCl ((O) opioid agonist)
and naloxone HCl ((N) opioid antagonist) extended-release (ER) tablets. In
abuse, the O/N tablets are physically manipulated to smaller particles for nasal
insufflation. A change in the agonist and antagonist content at each particle
size range may occur and limit the antagonism action and the overall
effectiveness of the ADF. The goal of this study was to standardize a milling
process of O/N tablets and to characterize the milled tablets to be used in
nasal pharmacokinetics (PK) studies.

Milling 

▪O/N tablets were milled by common household tools either:
−Mortar & pestle (M&P) to test three strengths of the tablet (O/N = 

40/20 mg, 20/10 mg, and 5/2.5 mg), n=2

−Electronic pepper mill (EPG) with one or two turn gap settings (EPG-
1 and EPG-2) to test  the tablet strength  (O/N = 40/20 mg), n=3

Sieving

▪Milled tablets were sieved with a Sonic sifter to the particle 
range: 600– 1000, 425 – 600, 300 – 425, 212 – 300, 106 – 212 
and < 106 m

Characteriz
ation

▪Determine for each particle size range:

% Yield = 100*
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑜𝑤𝑑𝑒𝑟 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑎𝑙𝑙 𝑠𝑖𝑒𝑣𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑖𝑛𝑡𝑎𝑐𝑡 𝑡𝑎𝑏𝑙𝑒𝑡𝑠

% Drug recovered = 100*
𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑑𝑒𝑟 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝑖𝑛𝑡𝑎𝑐𝑡 𝑡𝑎𝑏𝑙𝑒𝑡𝑠

Results

One- and 3-month stability of the milled O/N tablets produced by EPG-2 was
conducted under standard conditions (25°C, 60% RH) using storage vials with
two lid materials (Teflon and Polyethylene (PE)).

➢ The EGP-2 is a reproducible and reasonably scalable method for milling O/N

ER tablets for a nasal insufflation PK study that aims to evaluate the abuse-

deterrent effectiveness of this opioid product after nasal insufflation.

➢ This milling method had the highest % yield (93.3% ± 1%), produced the

lowest weight fraction (2.8% ± 0.4%) of fine particles (<106 µm), and

recovered the highest amount of drug (O: 95.6% ± 1%, N: 96.2% ± 1.2%).

Strength(O/N)

Characterization
40/20 20/10 10/5

% Yield 89.7% ± 2.5 91% ± 1.9 92% ± 3.5
% Oxycodone recovered 91%± 0.4 94.4% ± 1.8 97.5% ± 2.7
% Naloxone recovered 91.3% ± 0.1 94.8% ± 2.1 95.6% ± 1.5

Characterization   

Milling method 
% Yield Oxycodone Naloxone

M&P 89.7% ± 2.5 91.1% ± 0.4 91.3% ± 0.1
EPG-1 84.4% ± 3.3 86.8% ± 3 86.7% ± 3.3
EPG-2 93.3%± 1 95.6%± 1 96.2% ± 1.2

Table 1: Characterization of O/N tablets at three strengths after milling by M&P. Data 
is presented as mean ± SD (n=2).

Figure 1: Mortar & 
pestle 

Figure 2: a) Electronic pepper mill, 
b) Gap settings.

Figure 3: Sonic sifter

Effective method for milling the O/N tablets with a
high %yield and %drug recovered as shown in Table 1.

Table 2: Characterization of O/N tablets (40/20) after milling by different methods. 
Data is presented as mean ± SD (n=2 for M&P, n=3 for EPG-1 & 2). 
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▪ Milling O/N tablets (40/20) using EPG-2 did not affect the stability of O or

N after 1- or 3-months storage in vials covered with either Teflon or PE lid.
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▪ The weight distribution of particles was centered around 600 µm (40% ±
10%) of the weight of milled tablets) as shown in Figure 4.

EPG-1 milled the O/N tablets into smaller particle
sizes compared to the M&P.

▪ The weight distribution of particles was centered around 425 µm (39% ±
9% of the weight of milled tablets) as shown in Figure 4.

Figure 4: Weight distribution (mean ± SD) of particles resulting from
milling O/N tablets (40/20) by M&P (n=2) , EPG-1 (n=3), and EPG-2
(n=3) methods.

Electronic pepper 
mill- 2 turn (EPG-2)

EPG-2 milled the O/N tablets into coarser particle
sizes compared to the EPG-2.

▪ The weight fraction of fine particles of size (<106 µm) significantly
decreased from 6.5% ± 0.7% for EPG-1 to 2.8% ± 0.4% for EPG-2 (p<0.05)
(Figure 4).

▪ O/N tablets were milled to safe and tolerable particles of size range (100–
1000 μm) for nasal insufflation PK study. The mass percent of particles
(<500 μm) was >10 % (Figure 4).

▪ The ratio of O/N was kept constant 2:1 at all particle size ranges (Figure 5).

A validated HPLC method was used to detect O and N and quantify their
degradants. All data were presented as mean ± SD and a t-test was used to
compare between replicates (p<0.05).

▪ EPG-2 had higher %yield and %drug recovered of milled O/N tablet
compared to EPG-1 as shown in Table 2.

Figure 5: % Drug (O and N) recovered (mean ± SD) from milling O/N tablets (40/20)
by M&P (n=2), EPG-1 (n=3), and EPG-2 (n=3) methods.

Figure 6: Drug content of a) N and b) O after 1- and 3-months storage of O/N milled
tablets in vials with Teflon or PE lid.

a) b)

Purpose


