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CONCLUSIONS

RESULTS

USP-1 and USP-4 apparatuses can discriminate among nicotine 
release profiles of nicotine pouch products. While nicotine 
release is generally faster in USP-1, both methods yield 
consistent assessments of product similarity and equivalence.
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Characterization of Nicotine Dissolution Profiles from Oral Nicotine Products Using 
USP-1 and USP-4 Apparatuses

• USP-1 and USP-4 can discriminate between the nicotine 

release profiles in nicotine pouch products and support 

assessment of product similarity and equivalence.

• USP-1 generally shows faster nicotine release than USP-4, but 

both methods yield consistent product differentiation.

• USP-4 exhibits lower variability than USP-1 while maintaining 

comparable discriminatory performance.

• Dissolution testing is widely used to characterize and compare nicotine release profiles under 

standardized laboratory conditions.

• Dissolution testing is an important regulatory tool that supports product characterization and 

comparative assessments for Pre-Market Tobacco Products Application (PMTA) and Substantial 

Equivalence (SE) submissions.

• Multiple USP apparatuses are available for nicotine dissolution testing, including USP-1 basket and 

USP-4 flow-through cell systems.

• This study shows that both apparatuses can characterize nicotine release behavior, discriminate 

among nicotine pouch products, and support dissolution profile similarity assessments.

• Nicotine release was assessed using USP-1 basket and USP-4 flow through cell apparatuses.

• In the USP-1 method, a nicotine pouch was placed in a basket, and its nicotine release was 

measured in 500 mL of artificial saliva (37 ± 0.5 °C). The basket was rotated at a speed of 50 RPM, 

and sample fractions were collected at 10 time points over the 60-minute test period.1

• The USP-4 dissolution method that was used is a well established, previously validated method, in 

which artificial saliva (37 ± 0.5 °C) flows continuously at 4 mL/min in an open loop over the 60-

minute test period, with sample fractions collected at nine time points.2, 3

• Dissolution profile equivalency was evaluated across brands, within each apparatus, using FDA-

recommended difference (f1) and similarity (f2) factors, where release profiles are considered 

equivalent when f1 ≤ 15 and f2 ≥ 50.4

• f1/f2 calculations used Brand H (CORESTA CRP 1.1, Swedish-style snus pouch) as the reference 

and seven commercially available mint-variant nicotine pouch products as the test.
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Percent Nicotine Release Normalized to the Total Amount of Nicotine Released at T = 60 Minutes 

BRANDS USP-1 USP-4 EQUIVALENCY

(Brand H = CRP 1.1) F1 F2 F1 F2 (f1 ≤ 15 and f2 ≥ 50)

Brand H vs Brand A 8mg 8.5 63.2 8.4 64.9 Yes

Brand H vs Brand B 9mg 5 72.1 7.2 66.7 Yes

Brand H vs Brand C 9mg 6.7 65.1 3.4 75.9 Yes

Brand H vs Brand D 9.4mg 16.6 51.2 16.4 50.1 No

Brand H vs Brand E 9mg 10.5 58 4.4 72.9 Yes

Brand H vs Brand F 11mg 13.6 51.1 4.3 72.9 Yes

Brand H vs Brand G 6mg 43.5 28.4 36.2 32.8 No

Percent Nicotine Release from Label Claim

Nicotine dissolution-release profiles obtained using USP-1 basket (A 

and B) and USP-4 flow-through cell (C and D) apparatuses. Results 

are presented as percent nicotine release relative to label claim (A 

and C), and percent nicotine release normalized to the total amount 

of nicotine released at T = 60 minutes (B and D). Data represent 

mean ± SD (n = 3).

USP-1

USP-4
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4. Memorandum: Recommended approaches for reviewing nicotine dissolution profile differences for smokeless tobacco products and other orally placed tobacco 

products in Pre-Market Tobacco Applications

• Characterize nicotine release profiles of seven commercially available oral nicotine pouch products 

and one CORESTA reference pouch product (CRP 1.1) using USP-1 and USP-4 dissolution methods.

• Determine the ability of both apparatuses to discriminate the nicotine release profiles in nicotine 

pouch products.

• Evaluate dissolution profile similarity and equivalence across products using FDA-recommended 

f1/f2 metrics.
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