
A Three-drug, Bilayer Controlled Release Solid, Oral Formulation Containing Acetaminophen for Combination 
Therapy, Theraprene-I® 

Corbett, J.T.1, Shalaby, M.2, Gray, K.D.1, and Shalaby, S.W.1 
1Poly-Med, Inc., Anderson, South Carolina 

2Lehigh Valley Hospital, Allentown, Pennsylvania 
 

Statement of Purpose:  Until 1955, aspirin was the 
primary over-the-counter oral medication used for treating 
pain, but chronic use led to bleeding and ulcerations in the 
gastrointestinal (GI) tract.  Acetaminophen was later 
introduced as an alternative analgesic. And while it was 
an effective analgesic without the GI side effects of 
aspirin,1  it had minimal anti-inflammatory effects.  Non-
steroidal anti-inflammatory drugs (NSAID’s), such as 
naproxen and ibuprofen, were later developed and were 
effective for pain and inflammation, but unfortunately, 
were plagued by similar GI toxicities as aspirin.2 One way 
to minimize NSAID toxicity is to use a lower dose of the 
NSAID and combine it with acetaminophen for additional 
analgesia.  To date, an oral preparation using this 
combination is not yet available, prompting investigation 
of such a formulation.  In order to further enhance the 
safety profile of this combined formulation, exploration of 
a third drug, such as ranitidine, is warranted.  Ranitidine 
reduces gastric acid secretion which helps counteract the 
ulcerogenic effects of the NSAID portion of the 
formulation.  The need for a 3-drug, controlled release 
solid oral formulation led to undertaking the present study 
which deals with the preparation and evaluation of coated 
tablets comprised of acetaminophen, an NSAID, and 
ranitidine.3,4 
 

Methods:  To prepare the bilayer tablet, a base layer was 
first made by the mechanical mixing and heating to 70ºC 
of equal weights of PEG and acetaminophen. This base 
layer was placed in a tablet mold and pressed with 1,000 
lbs. Other components, PEG 20,000, ranitidine HCl and 
naproxen sodium, were mixed and pressed onto this layer 
with 10,000 lbs. Microcrystalline cellulose (MCC) was 
added to optimize packing of the tablet.  For coating, the 
tablets were dipped in an isopropyl alcohol solution of 
hydroxypropyl cellulose until the desired add weight on 
was achieved after drying.  To monitor the release profiles 
of the different drugs, the tablet was placed in a simulated 
gastric fluid (low pH) for one hour. The tablet was then 
removed and placed in distilled water. This is to simulate 
the aqueous environment in the stomach and then 
intestine.  At selected time points the water was removed 
and distilled water placed on the tablet. All tablet 
incubation was performed at 37ºC. The simulated gastric 
fluid and water that had contact with the tablet were 
evaluated for drug content using reverse phase HPLC. 
The amount of drug released compared to the original 
amount in the tablet was calculated from the assay and 
reported as a percentage of the total versus time for each 
drug contained in the tablet. 
 

Results:  Using standard and modified methods of tablet 
preparation and coating, tablets of a 3-drug, bilayer solid 
formulation have been made available for evaluating the 

in vitro release profiles of the different drugs.  Composi-
tion of the active components in about 950 mg tablets are 
summarized in Table I and indicate that commonly 
recommended adult over-the-counter doses of the drugs 
are used. Preliminary results of the release profiles are 
outlined in Table I.  More specifically, these formulations 
include (1) pharmaceutical compositions that are solid 
oral formulations for combination therapy comprising an 
extended release acetaminophen as the principal analgesic 
agent admixed with a second compound as a principal 
anti-inflammatory agent with concomitant antipyretic and 
analgesic properties, plus a third component as a principal 
agent for reducing gastric acid secretion, and (2) a novel 
bilayer tablet for the controlled release of three active 
agents—an analgesic agent, comprising acetaminophen in 
one disc (or layer) adjoined with a second disc comprising 
a non-steroidal, anti-inflammatory drug and an agent for 
reducing gastric acid secretion.  The new tablet 
formulation is denoted Theraprene-I®. 

 
Table I.  Amounts of Active Components in the  

Three-drug Tablet 
Active Component Amount 

Acetaminophen 325 mg 
Naproxen Sodium 110 mg 
Ranitidine HCl 37.5 mg 

 
Table II.  Release Data of the Bi-layer Theraprene-I Tablet 

Time,  
hours 

Percent Release 
Acetaminophen Naproxen Sodium Ranitidine 

1 7.48 0.18 3.33 
2 18.90 32.92 47.12 
4 38.04 54.80 73.83 
6 54.08 58.17 78.57 
8 70.03 59.03 79.59 

*Coated with 1.476% hydroxypropyl cellulose; data are based on 
triplicate runs. 
 

The data in Table II show that (1) during the two hours, 
more than 30% and 45% of the naproxen and ranitidine 
are released, respectively, while less than 20% of 
acetaminophen is released; (2) at four hours, more than 
50% and 70% of naproxen and ranitidine are released, 
respectively, while less than 40% of the acetaminophen is 
released; and (3) all of the practically, releasable masses 
of the three drugs are released. 
 

Conclusions: Available results demonstrate the feasibility 
of preparing a three-drug solid oral formulation capable of 
providing a relatively rapid release of the naproxen and 
ranitidine while an about eight-hour sustained release of 
acetaminophen. 
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