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(57) Abstract: The present invention
relates to compositions for improving
the efficacy of acetaminophen compris-
ing a unit dose ot acetamimophen and a
therapeutic etfficacy-enhancing amount
of N- acetylcysteinc, such that ac-
ctammophen and N-acctylcysteinc are
present in the composition in a molar
ratio of acetaminophen to N-acetyl Cys-
teine ranging from about 1:15 to about
1:0.000977, and use of such composi-
tions for analgesic and antipyretic appli-
cations.
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N-ACETYL CYSTEINE COMPOSITIONS AND METHODS TO IMPROVE THE
THERAPEUTIC EFFICACY OF ACETAMINOPHEN

FIELD OF THE INVENTION

[000 2] The described invention relates to compositions for improving the
efficacy of acetaminophen formulations comprising a therapeutic efficacy-improving
amount of N-acetylcysteine and a unit dose of acetaminophen, and use of such
compositions for analgesic and antipyretic applications, whereby the formulations of
the compositions enable increased therapeutic etficacy of acetaminophen when
administered at standard doses and enable administration of lower than standard doses
of acetaminophen to achieve efficacy equivalent to that obtained at a standard

acetaminophen dose.

BACKGROUND OF THE INVENTION

[000 3] Over the past thirty years, acetaminophen, in its various formulations,
has become the largest selling over the counter (OTC) drug throughout the world. It

presently constitutes 35% of the analgesic market in North America, excluding other

preparations that contain acetaminophen. During that same time, acetaminophen
overdose also has become the most common drug intoxication and is responsible for
more emergency room visits than any other medicine. It also is the leading cause of
hepatic failure in the United States, accounting for 39% of all cases in a review of
tertiary care centers. This presents a strain on the medical system for specialized

medical services and has significant financial ramifications.

[000 4] Acetaminophen initially was not thought to present toxicity risks when
used at recommended doses. However, more recent studies demonstrate significant
toxicity at recommended doses, both in healthy individuals and in persons with diseases

or other conditions that result in glutathione (GSH) depletion. Such GSH deticiency
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has been reported:in many disease.conditions: Persons with GSH deficiency potentially
arc at greater risk-of acctaminophen toxicity at:doscs of acctaminophen within

rccommended dosing levels.
Acctaminophen:toxicity and glutathione deficiency.

[000 5] N-acetyl-para-aminophenof (“APAP”, “acetaminophen® or
“paracetamol’™) is absorbed rapidly in the stomach and duodenum and reaches its peak
levels approximately 1 to 2 hours after ingestion. [t has a volume of distribution of 0.9-
1.0 L/kg and binds to erythrocytes and ‘only slightly to protein. APAP degradation
occurs.in the liver by several mechanisms. APAP can-undergo glucuronidation or
sulfation to form non=toxic hydrophilic metabolites:that.arc renally excreted, whilc:the
CYP2EL; CYPIAZ, and CYP3A4 subfamilics of the cytochrome P-450 pathway
metabolize:the remainder:of the: APAP 1o {N&ﬂb’e’t}‘-lf-'-f;_p}-.fbc'nzciq;u'i nofe-iming (*N APQI).
'N;fl"dlf'then -"CO'iij'Ug‘atéS“ with reduced GSH to-form non=toxic meércapturic:acid, which
also-is renally excreted. (Figure 1). ‘The degree to which each pathway is utilized 1s
dependent on.several factors, including the age.of the individual and the presence and

degree of hepatic dysfunction.

10006} Acetaminophen toxicity.develops once ﬁtli“erthr,ee.-'dé'lo'i.i-f5"§ng',_p‘ath;ways'.

have.become-overloaded and-the'NAPQI present.cxceeds the: reduced GSH stores. In

.....

...... ..

~ overwhelming the liver’s-ability to detoxify NAPQI. The remaining-unconjugdtcd
NAPQI then binds to the protcinso‘f:hcpatoc}dcs, which leads to centrilobular hepatic
necrosis.  In addi'ti.oil, GSH depletion renders hepatoceytes ( and other cells) more
sensitive to attack by cytokines, which-can be produced in the.liver and clsewhere

pursuant to-cvents-that follow.overrun of the abilityto.detoxify, NAPQI.

[0007)  “The liver requires GSH in its.reduced-form for'complete, non-toxic
-clearance of acetaminophen: Reduced GSH.constitutes ﬂw;majbrity of the intracel lu'l"ar.
‘glutathione in the body. Oxidized GSH(GSSG)is.formed-durin g normal oxidative
metabolism. It also is.produced when cells are subjected:to-oxidative: SIress orto
:exogcnous.toxins-t'ha;‘ are detoxificd by conjugation to GSH. GSSG and GSH
conjugates are released rapidly from cells:and excreted-from the body: relatively lintle |

‘GSSG is recycled 1o GSH. GSH levels commonly-are‘measured b.yfl"-fl,Pl,.-,,C or mass
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spectrometry-as total GSH reduced and extracted:from circulating crythrocytes (or

separately as erythrocyte GSH and GSSG).

{000 8] Replenishiment of reduced GSH requires an-exogenous thiol supply,
which usually is acquired b-yingcsti“on of cysteine, cystine or methionine in_protein or
other form. It:also can be acquired by ingestion of NAC, which is used to treat GSH
deficiency caused by.acetaminophen overdose, because it is rapidly. converted to

cysteinc during first pass metabolism in the liver.

(000 9] Stores of reduced GSH are influenced greatly by nutritional status,
presence of certain discasc states, and exposures (o ’(’_fﬁ'(idative stressors and molecules
that are detoxificd by corijugatiori with' GSI1. Vifal, bacterial, and-fungal infections,
malnutrition; chroni¢:and acute alcohol cénsumption, diabetes, certain metabolic
diseases, and consumption of oxidative drugs all-have been shown to decrease GSH.
“Table'] is a noninclusive Tist of discases in'which GSFH deficiency has becn.

demonstrated.

1000 10 " Table 1. Discases in which GSH 'Dcﬁ’cicn'cy Has Been Demonstrated

o Classification ______Discase )
HepaticFunction |~ Acetaminophen toxicity _
- Aeohol
# - | Hepatitis o
Renal Function ) . Chronic Kidney Failure _—'
| ___Daalysis i
. N Nephrotoxicily i
R . a Alpha-Amanintin ,
Cardiovascular o - Angima
- B Arteriosclerosis/Cardiac Risk
. | ] Myocardial Infarction
e | Cardiomyopathy |
" Endocrine | ~Diabetes, o
___ Pulmonary 1 Bronchopulmonary o
ARDS

e - ) ﬂ_ﬁ 'F}b‘rosing Alveolilis
| - ' ) | Chronic Asthma
| ' Chronic Bronchitis/COPD
) Cystic Fibrosis

Pul_monary.f-'_ibrosis

Smoking
| lLung Cancer
Critical Care o ___Intensive Care
] Sepsis/Septic Shock: -

)
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- il e, R S S il dghe. S—— - i S P S - -

Classlﬁcatxon J Discase

am o ag P e “SomlaimienieFs

- ' _______Malnutrition
infection | HIV
~ Helicobacter pylorl
Influenza
| o Malaria
o | I.Ellegsz -
Gastrointestinal | "~ Inflammatory Bowel Discase
| Barret’s-Esophagus
l.iver Disease

L LwerTransEldnla ion

Colon Canccr

| ' Optic 1 __ Blephariis '
o T | Cataract |

lale’s Discasé

i i

b

8 _Skin . o Psoriasis , ¢
. N Photodermatitis ]
‘ ’,_ | Rheumatoid Arthrits

Comm Varlablc Immunodcf' iciency

B Urogenital | _ _ Prostate o
- . e _ Urinary

- ____Muscular L A . Excercise
—  Aging -
ToxicAgents | Arsenic Pmsomng ’
L e Olh_erﬁ_@hhc_xmc‘ils and Mudlcduons
Perinatal - ~ Preeclampsia o
— ———— B ?_ . \lconalcs
Metabolism Phcn) ketonuria
[000 11] The.disease states in which GSH deficiency has been documented

p‘ar,al'l'é I'the discase staies in- which acetaminophen toxicity has been documented at.or
below recomimended dose lévels. Therefore, discasce states in which GSH deficiency
has been documented are likely to place the body at greater risk for acetaminophen:
‘-t'oxicity':'and;.convemely,gdeﬁléﬁ_oa of. GSH duc to-acetaminophen consumption-may

predispose to, or exacerbatc, these diseasc slates.

{000 12] A_cctaminoghcn toxicity-is treated by rapid administration of N-
acetylcysteine (NAC), a cysicine prodrug that supplics the cysteine:necessary for the
synthesis of glutathione (GSH), a key intracellular tri-peptide that is consumed by
removal of the highly toxic acctaminophen metabolite, N-acetyl-p-benzoquinone-imine
(NAPQI). (Figures 2 and 3). GSH is essential to cell survival. It plays key roles in

ccllular metabolism and protection against oxidative and other toxic molecules,
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including those generated in response to attack. by cytokines that induce pain and fever.
Administered rapidly enough, NAC complctely restores-GSH leaving no residual
toxicity. Beneficial ¢ffects of NAC trcatment for acetaminophen overdose strongly
imply GSH deplction as the key component of ‘acetaminophen -toxiciry; since GSH

repletion is by far the most important effect of NAC-treatment.

1000 13} [t1s known that decreascd levels of GSH are associated with increased
pain and fever while increased levels of GSH are associated with decreased pain and
fever. Consistent with this inverse refationship between GSH levels and signs of
inflammation (pain-and/or fever). decreasing GSH renders-cells more sensitive to the
eftects of 1L.-1, 11.-6 and TNF, all of which participate in increasing pain and fever.
Thus, although acetaminophen acts directly to decrease pain and fever, its
detoxification, which depletes, GSH, tends:to. negate.the beneficial ¢ Tect of the-dru g. 11
also is known:that enteral NAC decreases levels of 1L.-1,.11-6-and TNF by‘restoring

GSH. NAC, which restores GSH, has been shown to reduce fever and pain.

1000 14] Since GSH depletion becomes more pronounced as l'afger*doses of
acetaminophen are consumed, aceétaminophen efficacy can be expected to decreasc
progressively with increasing:doses of the drug. The.dose at which efficacy is
significantly impaired will differ, depending on paticnt GSH levels at the time the drug
IS-administered. However, in all cases, incrcascd;acctam‘i'nophen_dosing is likely to

yield diminishing returns vis a:vis fever-and pain conirol.

[000- 15} U.S. Pat. No. 6,566,401 ‘discloses that combined formulation of
acctaminophen at a standard unit dosc with NAC compared to APAP alone decreases
the toxicity of inadvertent or intentional overdose and prevents toxicity associated with
acclaminophen dosing within acceptable ranges. Whether NAC interferes with APAP

cfficacy has not'been well studied.

[000 16} The:problems of hepatic dysfunction and acute hepatic failurc duc t’o'
APAP toxicity have raiscd’signiﬁcanl‘ concerns with physicians, the Food and Drug
Administration, and the general public regarding the. saféty“of'tﬁ'is highly popular over-
the-counter (OTC) drug, which:has led the Foodand Drug Administration to require

cxplicit overdose warnings, including the risk of hepatotoxicity to those who consume

o
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three‘or morc alcoholic beverages per day. The saféty of acetaminophen in nursing

:mothers or. in pregnancy is not known.

1000 17]

The. Physician’s Desk Referencé Primary ‘Care Resource Center

(www.pdr.net, visited 7/1 -lfY09)’IESting- for acetaminophcn sold as the brand

TYLENOL® show the: fo"llbw{ng unit doses and maximum daily doses obtained from

the FDA monograph for acetariinophen:
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1000 18]

Acetaminophen isavailable over thecounter in scveral dose forms,

including drops (80.mg in.0.8:ml), Children’s Suspension (160°'mg/s ml); Extra-

Strength solution (500 mg/15 ml); chewable (80 mg and 160 mg); tablet. Regular

- Strength (325 mg); Extra Strength Easy Tabs, GoTabs, caplets, Cool Caplets, and rapid

release gels (500 mg); and caplets and gel tabs (650 mg).

1000 19}

The most common cayses of urinteniional.-acetaminophen overdose are

(1) Subjects 1aking several products, unaware that each one contains the maxinium:safé

dosc of APAP; (2) Subjects:abusing narcofics oftendornot realize that the-drug is
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paired with APAP. As their tolerance for the narcotic increascs, they take larger doscs,
and get huge doses of APAP in the process. (3) Subjects in pain take more and more.
pain reliever to get relief, far exceeding the recommended dose. Because APAP is sold
over the counter; users and those administering acetaminophen to-children and-clderly
adults falscly believe that swallowing a'few more pills than the recommended dose is
safe. (4) Chronic alcoholics and chronically ill patients are more sensitive to- APAP
toxicity. The threat of accidental acetaminophen overdose-is _‘cspccia'l'ly. high amongst

the elderly ;pOp_ulation,

1000-20] Dosing miscalculations are a common occurrence with respect.to both a.
child's age.and weight associated with the purchasc:of incorrect over the counter
medications. Hospitals have reported numerous instances-where inadvertent-overdosing
potent aschildren's formulations) instead of children's formulations. Such dosing
miscalculations are particularly common when there are children:of multiple age levels

living"in the same houschold.

[000 21} B While the hazardous combination of APAP and alcohol general Iy"is-
known amongst chronic alcoholics, occasional -d‘ri‘nkc‘rs arciignorant of the danger. Itis
commonplace to-reach for-a bottle of pain relicvers to alleviate hangover symptoms
such asheadache, na,usca:-andldiz.z"iness;, but doing so can cause liver damage and even
death. The liver usesthe same biochemical pathway (0 rémove APAP and alcohol,
which, when APAP and alcohol are combinced, becomes saturated, rendering liver tissue

defenscless.

1000 22} Since 1977, on nﬁmerousoccasicyns, the FDA has commissioned the
Non-Prescription Drug Advisory. Committee to review cvidence. on acute liver fatlure
duc to acctaminophen overdosc, and to propose recommendations.to increase patient
safety-when consuming APAP. A number ol label changes have resulted. Following

- the committée meeting in2002, the -Conﬂmiltcc unanimously. agreed that FDA action is
nccessary to protect consumers.from the dangers of APAP. In light of the Committee's
findings; the FDA launched a campaign at the pharmacy level in.January 2004 (o raise

pubhic awareness on the dangers of APAP toxicity.

[G00 23] More. recently, a federal-advisory panel has reccommended that:the FDA

take action lo decrease illness and death:duc to. APAP toxicity by banning well-used
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APAP-narcotic preparations and by decreasing the maximal allowable daily and single
APAP dosc. The panel recommendation, with which Tylenol® producer Johnson &
Johnson “strongly disagrecs™ is bascd on an annual reported mortality and morbidil)"
ratcs in the U.S. of 400 deaths per year and 42,000 hospitalizations per year duc to
inadvertent and intentional APAP overdoses. The panel recommendations mark a clear

change in philosophy regarding the use of APAP.

[00024] Ph‘,}'fs'iciaﬁ_s;_ acctaminophen manufacturers and the public.are concerned
that:decreasing thé-allowable acctaminophen dose will'withdraw-important pain:and
fever relict from paticnts in‘need of such. "Physicia\ns- treating high fevers inchildren,
for example. often find their treatment options limited by the currently allowed dosage.
Decreasing this will further limit treatment in these-cases. Similarly, treatment of
severe pain may be limited by the maximum dosage.of acctamin(‘)phen that can be

prescribed or recommended without-causing toxicity.

[060.25) The described invention addresses. this problem. If:describes:

- -compositions that improve the therapeutic efficacv-of-a given dose of acetaminophen
comprising acetaminophen :a'h'd"Néacety'lc'ystei'ne;“w_ﬁcrcby*(jg)' the maximum daily dose
of acetaminophen inthe.described compositions is less than the maximum daily dose of
acetaminophen alone, but the compositions therapeutically arc as effective as
compositions that-contain the maximum daily dosc of acetaminopllén=zzlonc; or (2) the
maximum daily-dose-of the described compositions is cqual to the ‘unit dose of
acetaminophen alone but the compositions are more therapeutically active than
acetaminophen alone. Benefits that can be realized by the proposed compositions
include, but-arc not limited to. decreasing-the amount of acetami 'n'qphcn necessary o
achieve a-given clinical'end and increasing the efficacy of an acetaminophen dose.

including, but not limited to; the maximum allowable dose.
BRIEF DESCRIPTION OF THE DRAWINGS
|000-26] Figure 1 shows the pathways for metabolism of acetaminophen.
[000 27] Figure 2 shows the structural formula for glutathione.
|000 28] Figure 3 shows the structural formula for NAPQI.

[000 29] IFigure-4 shows temporal characteristics of a drug effect and its

relationship 1o the therapeutic. window. a= onsct.of effect; b = peak cffect; ¢ =



intensity; d = MEC for adverse response; e¢ = therapeutic window; f= MEC for desired

response; and g = duration of action.

SUMMARY

[000 30] According to one particular aspect, there is provided a composition for
improving therapeutic efficacy of acetaminophen comprising, the composition
comprising an oral formulation of: a unit dose of acetaminophen and a therapeutic
efficacy-enhancing amount of N-acetyl cysteine, acetaminophen and N-acetylcysteine
are present in the composition in a molar ratio of acetaminophen to N-acetyl cysteine
ranging from about 1:15 to about 1:0.000977, and oxidation of the reduced form of N-
acetylcysteine in the composition is minimized, wherein the unit dose of acetaminophen
is a dose that is less than a standard maximum daily dose of acetaminophen, wherein
the standard maximum daily dose of acetaminophen is 200 mg/day, 400 mg/day, 600
myg/day, 800 mmg/day, 1200 mg/day, 1600 mg/day, 1625 mg/day, 2000 mg/day, 2400
mg/day, 3200 mg/day, or 4000 mg/day, and the composition has a therapeutic efticacy
equivalent to the therapeutic efficacy of acetaminophen administered alone at the
standard maximum daily dose of acetaminophen. According to another embodiment,
the therapeutic efficacy of the composition is maintained during long term use of the
composition. According to another embodiment, the composition is an oral formulation
or a non-oral formulation. According to another embodiment, the non-oral formulation
is selected from a topical formulation, a parenteral formulation, a buccal formulation, an
insufflation formulation, or a rectal formulation. According to another embodiment, the
oral formulation is selected from a liquid solution, a syrup, an elixir, a suspension, an
emulsion, a tablet, a capsule, a sustained release formulation, or a powder. According
to another embodiment, the tablet is a compressed tablet. According to another

embodiment, the tablet is a coated tablet. According to another embodiment, the tablet

is an cffervescent tablet.

{000 31] According to another aspect, there is provided a method for improving
therapeutic efficacy of acetaminophen, the method comprising the steps: providing a
pharmaceutical composition comprising an oral formulation of: a unit dose ot
acetaminophen and a therapeutic efficacy-enhancing amount of N-acetylcysteine, such
that acetaminophen and N-acetylcysteine are present in the composition in a molar ratio
of acetaminophen to N-acetyl cysteine ranging from about 1:15 to about 1:0.000977,

and oxidation of the reduced form of N-acetylcysteine in the composition is minimized,

CA 2767833 2017-12-19



wherein the unit dose of acetaminophen is a dose that is less than a standard maximum
daily dose of acetaminophen, wherein the standard maximum daily dose of
acetaminophen is 200 mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200 mg/day,
1600 mg/day, 1625 mg/day, 2000 mg/day, 2400 mg/day, 3200 mg/day, or 4000 mg/day,
and the composition has a therapeutic efficacy equivalent to the therapeutic efficacy of
acetaminophen administered alone at the standard maximum daily dose of
acetaminophen. According to another embodiment, therapeutic efficacy of the
composition is maintained during long term use of the composition. According to
another embodiment, the composition is an oral formulation or a non-oral formulation.
According to another embodiment, the non-oral formulation 1s selected from a topical
formulation, a parenteral formulation, a buccal formulation, an insufflation formulation,
or a rectal formulation. According to another embodiment, the oral formulation 1s
selected from a liquid solution, a syrup, an elixir, a suspension, an emulsion, a tablet, a
capsule, a sustained release formulation, or a powder. According to another
embodiment, the tablet is a compressed tablet. According to another embodiment, the

tablet is a coated tablet. According to another embodiment, the tablet i1s an effervescent

tablet.

[000 32] According to yet another aspect, there is provided use of a composition
comprising a unit dose of acetaminophen and a therapeutic efficacy-enhancing amount
of N-acetylcysteine in the preparation of an oral medicament for treating pain or fever
in a subject, such that acetaminophen and N-acetylcysteine are present in the
composition in a molar ratio of acetaminophen to N-acetyl cysteine ranging from about

1:15 to about 1:0.000977, and oxidation of the reduced form of N-acetylcysteine in the

composition is minimized, wherein the unit dose of acetaminophen is a dose that 1s less
than a standard maximum daily dose of acetaminophen, wherein the standard maximum
daily dose of acetaminophen is 200 mg/day, 400 mg/day, 600 mg/day, 800 mg/day,
1200 mg/day, 1600 mg/day, 1625 mg/day, 2000 mg/day, 2400 mg/day, 3200 mg/day, or

4000 mg/day, and the composition has a therapeutic efficacy equivalent to the
therapeutic efficacy of acetaminophen administered alone at the standard maximum
daily dose of acetaminophen. According to another embodiment, therapeutic etficacy of
the composition is maintained during long term use of the composition. According to
another embodiment, the composition is an oral formulation or a non-oral formulation.

According to another embodiment, the non-oral formulation is selected from a topical

10
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formulation, a parenteral formulation, a buccal formulation, an insufflation formulation,
or a rectal formulation. According to another embodiment, the oral formulation is
selected from a liquid solution, a syrup, an elixir, a suspension, an emulsion, a tablet, a
capsule, a sustained release formulation, or a powder. According to another
embodiment, the tablet is a compressed tablet. According to another embodiment, the

tablet is a coated tablet. According to another embodiment, the tablet 1s an effervescent

tablet.

DETAILED DESCRIPTION OF THE INVENTION

[000 33] The described invention provides compositions for improving the
therapeutic efficacy of acetaminophen comprising (a) a unit dose of acetaminophen and
(b) N-acetylcysteine, pharmaceutical salts of N-acetylcysteine, and derivatives of N-
acetylcysteine (hereinafter collectively referred to as “N-acetylcysteine”), wherein the
ratio of acetaminophen to N-acetyl cysteine in the compositions ranges from about 1:15
to about 1:0.000977; and methods of use thereof. The therapeutic efficacy of the
described acetaminOphén -NAC compositions does not decrease during long term use of

the acetaminophen-NAC composition.

000 34] The term “administering”, meaning the giving or supplying ot a medication, as
used herein includes in vivo administration, as well as administration directly to tissue
ex vivo. Generally, compositions may be administered systemically etther orally,
buccally, parenterally, topically, by inhalation or insuftlation (i.c., through the mouth or
through the nose), or rectally in dosage unit formulations containing conventional

nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles as desired, or

11
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may be locally administered by means such-as, but.not limited to, injection,

implantation, grafling; topical application, or parenterally.

|000 35} The term “derivative” refers to a compound that arises from a parent
compound by replacement of an atom with another atom or group of aloms. A
derivative of N-acetylcysteine has the same acctaminophen-cfficacy improving activity

as does N-acetyleysteine.

[000:36] Theterm “disease”-or*disorder”, as-used ~hcrcin_, refers to an impairment of
health. or a.condition.ol‘abnormal functioning. The:term*‘syndrome, as used herein,
refers to a pattern of symptoms indicative of'some discase.or condition. The term
“injury,” as used herein, refers 1o damage or harm to a structure or function of the body
causcd by an outside agent or forcé, which may be physical or chemical. The term
“condition”, as used herein, refers to a variety of health.states and is meant to include
disorders or diseases caused by any underlying mechanism or disorder, injury, and the

promotion of healthy tissues and organs,

[000 37} The terms*‘dose™ and “dosage” are used interchangeably: and mean the
quantity of a drug or other remedy to be taken or applied all:at one time-or in fractional

amounts within a given period.

1000 38] The term "drug"” as used hercin refers to a therapeutic agent or any substance,
other than food, used in the prevention. diagnosis,-alleviation, treatment, or curc of

- disease,.

(000 39] As used herein, the terms "formulation” and “composition” are used
interchangeably. The-terms "drug" and "pharmaccutical” also.are used-interchangeably
to refer to a pharmacologically active substance or composition. These terms of art arc

well-known in the pharmaccutical.and medicinal ans.

[000 40] As used Heréin the term “inflammation”” refers to a physiologic response to
infection and injury in which cells involved in detoxification and repair are-mobilized
to'thc compromised site by inflammatory mediators. The classic signs of inflammation
are: pé;in (dolor), heat (calor), redness (rubor), swelling (tumor), and loss.of function
(functio laesa). Histologically, inflammation involves a complex.series of events,

including dilatation of arterioles, capillaries, and venules, with increased permeability
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and blood flow; exudation of fluids, including plasma proteins; and leukocytic

migration into the inflammatory focus.

[000 41] The term “acute inflammation’ as used herein, refers to inflammation, usually
of sudden onset, characterized by the classical-signs, with predominance of the vascular
and cxudative processes. The term “chronic inflammation” as uscd herein refers to
inflammation of slow: progréss and marked chiefly by the formation of new connective
tissue;. it may. be a continuation of an-acute form or a prolonged low-grade form, and

usually causes permanent tissue damage..

[000°42] Regardless of the mitia‘ti'ng agent; the physaologlc chang,cs accompanying
iacqtc:inﬂmnmation encompass.four main: features:, (1) vasodilation, which resultsin a
nct increase in blood.flow, is one of the carliest-physical responses:to’acute tissue
injury; (2) inresponse o inflammatory stimuli. endothelial cells:lining the vénules
contract, widening the intracellular junctions 1o p'ro.ducc gam;leading 0 increased
vascular pcrmeability which 'perm'its'leakagcof‘?plasma protcins and blood cells out of
blood vessels; (3) inflammation ofien is characterized by a strong infiltration of
lcvkocytcs.at’ the site of inflammation, particularly neutrophils (polymorphonuclear
cells). These.cells: promote tiséue.dama ge.by releasing toxic substances:at.the vascular
‘wall or in uni"nj;_lircd tissuc;-and (4) fever, produced by pyrogens released. from |

leukocvies:in response to.specific stimuli;

[000 43} l)urmg, ; the inflammatory process, solub!c inflammatory mediators‘of the
'mﬂdmmdlory response work together with cellular components i a:systemic fashion in
the attempt to contain and eliminate the agents causing physical distress. The term
“inflammatory mediators™ as used herein refers.to the molecular mediators of the
inflammatory process. These sol"ublc,.- diffusible molecules act’both locally at the site of
tissue-damage and infection and at mor distant sites. Some tnflammatory mediators
arc.activated by lhefinﬁan‘nmat{)ry process. while others are synthesized and/or released
from cellular sources.in résponse to acute inflammation or by other soluble
intlammatory mediators. Examples of inflammatory mediators of the. inflammatory
response include, but.are not limited to; plasma proteases, complement, kinins, clotting
and fibrinolytic proteins, lipid mediators, prostaglandins, lcukotricnes, platclet-
activating factor (PAL), peptides and-amincs, including, but not limited to, histamine,

serotonin, and neuropeptides, proinflammatory cytokines, including, but not limited to,
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Interleukin-1, interleukin-4, interlcukin-6, intericukin-8, tumor necrosis. factor (TNF),

interferon-gamma, and interleukin 12.

[000.44] The term “modulate” as used herein means to regulate, alter, adapt, or adjust

to a certain measure or proportion.

[000 45] The terms “subject™ or "individual” or "patient" are used interchangeably to
refer to a member of an -animal species of mammalian origin that may benefit from the
administration of a drug composition or method of the described invention. Examples
of subjects include humans, and other- animals such as horses; pigs, cattle, dogs, cats,

rabbits, and.aquatic mammals.

[000 46] “Subjects in need thereof” are subjects ordinarily- treated -with
acttaminophcn alone for anti-pyresis or.analgesia that may: benefit from the described
invention and include’ (but are not limited 1o0): subjects suffering from acute hepatic
fatlure of unknown ctiology; subjccts suffering from:a disease or condition associated
with GSH deficiency; subjects whose serum levels-of acetam i'n'op'h‘en; indicate rion-toXic
levels but who are.al increased risk for APA l'-”-:t(')xic‘i"ty‘d”ue;‘_ to oxidative:stress or other
aspects.of the patient's condition; patients having ccrtain viral infections; paticnts
having taken a toxicity. producing amount of a drug that causcs oxidative stress or
subject rclated. decreases in cysteine-glutathione levels, such as oxidizing antibiotics.
¢.g.; sulfa, chloramphenicol, c.rythrom)jcin, and antiviral agents; and patients under
oxidative stress or that otherwise.have severe illness that-makes them more susceptible
than a normal subject- would be to.acetaminophen toxicity, including, for example, but
not limited to, patients with septic shock, distributive shock; hemorrhagic shock, acute

respiratory distress syndrome, organ failure, and closed head injury.

[000 47} The term "therapeutically effective amount™ or an™"amount effective” of
one or more active-agent(s)is an amount that is su i’['x_c;ién.t,l'o prov_idc the intended
benefit of treatment. Dosage levels are based on 4 variety of factors, including the type
of _‘injur’y,-%, the age, weight, sex, medical condition of the patient, the scverity of the
condition, the route-of administration, and the particular active agent employed. Thus
the dosage regimen may‘ vary widely, but can be determined routinely by a physician.

using standard methods.
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[000 48] The tenm "therapeutic efficacy-enhancing-amount” refers to the amount
necessary or sufficient to realize the desired biologic effect of cnhanced therapeutic

efTicacy.

[000 49) The term "therapeutic agent" as used herein refers to a drug, molecule,
composition or other substance that prov.id_c"s.a therapeutic effect. The term "active” as
used herein refers 1o the-ingredient, component or constituent of the compositions of the
present invention responsible-for the intended therapeutic.effect. The terms:

"therapeutic agent" and "active agent”-arc-used interchangeably herein.

[000 50} The term "therapeutic component” as used herein refers 1o a
therapeutically effective dosage:(i.c.,-dose and f requency 6f administration) that

| eli"m:inatcs," reduces, or prevents the. progression of a particular disease manifestation in
a percentage-of a population. An example of a:commonly used therapeutic component
is'the EDso, which“describes the dose-in ‘a-particular dosage that is-thcrapeutically-'

effective for a particular discase manifestation in- 50% of a population.

{000 51) The term "therapeutic effect” as used herein refers to a consequence: of
tréafl,mé,nl’, the .,rcsul'tS‘.-.O;f?‘WhiQh..'ar,c;ij‘dgeci-"-to,:.-bc desirable and beneficial. A l‘h'erap"cut'ié
cffect.may include, directly orindirect] y. the arrest; red uction. or ¢limination ofa
discase-manifestation. A therapeutic effect also may inchide, directly orindirectly, the

arrcst reduction or-climination of the progression of a-discasc manifestation.

[000 52] The terms "treat” or “treating” as used hercin refer to accomplishing one or
more of the following: (a) reducing the severity of the disorder; (b) limiting
development of symptoms characteristic of the disorder(s) being treated; (c) limiting
worsening-of symptoms, characteristic of the disorder(s) being ireated; (d) limiting
recurrence of the.disorder(s) in patients that have previously:had the disorder(s); and (c)
limiting-recurrence of symptoms in patienis that were previously asymptomatic for the.
-disorder(s).

(000 53] According to one aspect, the deseribed invention provides.compositions
for-improving the therapeutic efficacy of acclaminophcn comprising (a) a unit.dosc of
acetaminophen and (b) a thereapeutic efficacy-enhancing amouint of N-acety! cysteine,
such that.acctylcysteine and acctaminophen are present in the composition in a molar

ratio of acetaminophen to N-acetyl cystcine ranging: from about 1:15 (0 about
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1:0.000977. wherein the therapeutic cffectivencss of the composition.is greater than the
therapeutic effectiveness.of acetaminophen alone when adminisiered at the unit dose of

acetaminophen.

1000 54) According to one embodiment.of the composition; the unitdose of
acetaminophen‘in (a) is.a dosc that is less than a'standard maximum daily-dose of
acctaminophen, wherein the standard maximum daily dose of acetaminophen 15200
m'g/day,_ 400 mg/day, 600 .111gfda}’§.='80()‘_m‘__‘g]day; 1200 mg/day, 1600 mg/day, 1625
mg/day, 2000 mig/day, 2400 mg/day, 3200 mg/day, or 4000 mg@/day, and the therapeutic
effectiveness of the composition is equivalent to the therapeutic cﬁbct‘i'ivc_néss:df
acctaminophen alone when acetaminophen is administered at the standard maximum

daily dose of acetaminophen.

[000 55) As used herein, the term “cfficacy-enhancing” means improving the

therapeutic effectiveness of a therapeutic agent.

(000 56] Molar ratios of acctaminophen and N-acetylcysteine are determined

using the molecular weight of APAP as 151, and the molecular weight of NAC as 163.

[000 57] According to one embodiment, the. molar ratio of APAP:NAC in the
compOSition-oF-thc:in'vcnt"itm;is 1:13.(w/w). According to-another embodiment, the
molar ratio of APAP:NAC in the composition is 1:10 (w/w). According to another
embodiment, the.molar ratio.of APAP:INAC in the composition is 1:5 (w/w).
According to another embodiment, the.molar ratio of APAP:NAC in.the composition is
1:4 (w/w). According to another émbodiment, the nio‘lar-ra_tio of APAP:NAC in the
composition is |:3 (W/w). Accor’dingfté;anci‘hcr--'cmbodi'mcnt, the.molar ratio.of
APAP:NAC in'the composition is 1:2 (w/w). According to another embodiment, the
molar ratio.of APAP:NAC in the composition is 1:1 (w/w) According to another
embodiment; the-molar ratio of APAP:NAC in.the.composition is 1:0.5 (w/w).
According to another embodiment, the molar ratio of APAP:NAC in the com_poSifio'n S
1:0.25. (w/w). According 1o ahothcr cmbodiment, the molar ratio of APAP:NAC in the
composition is:1:0.125 (w/w). According to another embodiment, the molar ratio of
APAP:NAC in the-composition is 1: 0.623 (w/w). According to another embodiment.
the molar ratio of APAP:NAC in the composition is 1: 0.03125 (whw), According 10

another embodiment, the molar ratio of APAP:NAC in the composition is 1:0.015625

16
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(w/w). According to another embodiment, the molar ratio of APAP:NAC in the
composition is 1:0.0078125 (w/w). According to another embodiment, the molar ratio
of APAP:NAC in the composition is 1:0.00390625 (w/w). According to another
cmbodiment, the molar ratio of APAP:NAC in the composition is 1:0.001953 (w/w).
According to another embodiment, the molar raiio of APAP:NAC in the.compositionis
1: 0.000977 (w/w).

| 060:58] Nonlimiting examples of some embodiments of a unit dose of a
composition according (o the described invention comprising 40 mg APAP and an

acctaminophcn therapeutic efficacy-enhancing amount-ol NAC-are shown in Table.2.

17
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Table 2. APAP-NAC compositions comprising 40 mg APAP

e

=

| Mg APAP

Molar ratio mg--NAC

APAP:NAC

[000.59] Nonhimiting examples of some embodiments of a unit dose of a
composition according 16 the described invention comprising 80 mg APAP and an

acctaminophen therapeutic ci’ﬁcac.\fl-cn’hal'n:i'ng.'amount,of‘-' NAC arc shown in Table 3.

[000 60] ‘Table 3. ‘APAP-NAC compositions.com pris‘in‘g:SU mg APAP

Molar-ratio
APAP:NAC

1000 61] Nonlimiting examples of some embodiments of a unit.dose of a
‘composition according to the described invention comprising 325 mg APAP and an

acctaminophen therapeutic efticacy-enhancing amount of NAC are shown in Table 4.
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[00062]  Tabled.. APAP-NAC compositions comprising 325:mg APAP

Molar ratio .'-Mg-.APA'-P
APAP:INAC
I 323
! 1:0.5 325
| 1:0.25 325
1:0.125 323
l | N
[000 63] Nonlimiting examples of some embodiments of a unit dose:of a composition

according to'the described invention comprising 500 mg APAP.and an acetaminophen

therapeutic efficacy-enhancing amount of NAC are shown in ‘Table 5.

[00064]  Table 5. APAP-NAC compositions comprising 500 mg APAP

Molarratio | MgAPAP | maNAC _
 APAP:INAC | | |
B 500 5379 -_J
B 1:0.5 500 2771
1025 l 00 | 1386 |
o125 | s00 l 700 ]
[000 65] Nonlimiting examples.of some embodiments of a-unit dose of a composition

according to the described invention comprising 650 mg APAP and-an-acetaminophen

therapeutic efficacy-enhancing-amount of NAC aré shown in Table 6.
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[000 66] Table 6. APAP-NAC compositions comprising 650 mg APAP

Molar'ratid ‘ - Mg APAP - -xﬁgNAC
APAP:NAC
[ 650 L CES
103 650 350.5
1:0.25 650 1793
| 1:0.125 650 9.7
I N ki _—
[000.67] A-skilledartisan can perform:similar calculations for.additional-molar
ratios.
1000 68] Because NAC improves the therapeutic efficacy. of A PAP, the maximum

daily dose of APAP inan APAP: NAC formulation may be reduced from the standard
maximum daily dose of acctaminophen, wherein the stan’dard Mmaximum daily dose of
acctaminophen 1s 200:mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200 mg/day, 1600
mg/day. 1625 mg/day, 2000:m g/day. 2400 mg/day, 3200-mg/day. or 4000 mg/da_y-, -while
having:the samc:¢flicacy as ;.acc't"ammgp'hcn- when administered at the:standard maximum
daily dose, without incurring the risk of toxicity dué to oxidative stress or subject related
decreases in cysteine/glutathione levels. According to one.embodiment, the maximum
allowable daily dose of APAP ina composition comprising APAP and NAC is less than
4000 mg because the composition has the same therapeutic cﬂ’e‘clivcnéss as when APAP 1s
administered at a standard maximuny allowablé dose of 4000 mg. ‘According: to another
cmbodiment, the maximum-allowable dai ly dose-of APAP in at;c()mp'()'sitioh.com'pri sing
APAP .and NAC is less than 3200 mg because.the composition has the same - therapeutic
effectiveness as when APAP iS‘_adnii.liiStéred'-af a standard maximum-allowable dose of
5200 mg. According to another embodiment, the maximum ;allo},vablé daily dose of APAP
In a composition comprising APAP and NAC is less than 2400 mg becausc the
composition has-the same therapeutic effectiveness as when APAP is adminisiered at 4

standard maximum allowable.dose of 2400 mg. According to another embodiment. the
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maximum allowable daily dose o’ APAP in a composition comprising APAP and NAC is
less than 2000 mg because the.composition has thé same therapeutic effectiveness as when
APAP is administered at a standard maximum-allowable dose of 2000 mg. According to
another embodiment, the:maximum allowable daily dosc of APAP in a composition
comprising APAP and NAC is less than 1600: mg because the composition has the same.
therapeutic cffectiveness as when APAP is administered at a standard maximum allowable
dose of 1600 mg. -According to another embodiment, the maximum allowable daily dose
of APAP in a composition comprising APAP and NAC is less than 1200 mg because the.
composition has the same therapeutic effectiveness as when APAP is administered at a
standard maximum allowablc.dose of 1200 mg. According to another embodiment, the
maximum allowable-daily dose of APAP.in a composition comprising APAP and NAC.is
less than 800 mg because the composition has the same therapéutic ¢ffectiveness as when
APAP is admixiistc.fcd at a standard maximum allowable dose of 800.mg. According to
another.embodiment, the. maximum allowable daily dosc of APAP ina composition
comprising APAP and NAC is less than 600 mg because the 'compdsiti'on has the same
therapeutic effectiveness as when APAP is'administered at a standard maximum allowable
dose of 600 mg. According to anot:hcr.-embodimcnt, the maximum allowable daily dose of
APAP in a composition comprising' APAP dnd NAC is less than-400 mg because:the
compo'sii lon"has the same therapeutic effectiveness ‘as.'whcn APAP is:administered ata
standard maximum allowable dose-of 400.mg. According to-ariother cimbodiment; the
maximum allowable daily dose of APAP in a com postiion comprising APAP and NAC is
less than-200-mg because the composition has-the same therapeutic effectiveness as when
APAP is administered at a standard maximum allowable dose of 200 mg. According 10

- another embodiment, the therapeutic efficacy of the described acetaminophen-NAC
compositions does not dccrcase';during.long lenﬁ use of the acetaminophen-NAC

composition.

[000 69} According to another aspect, the described invention. provides a.method for
improving the efficacy of acetaminophen, the method. comprising the steps: (a) providing a-
pharmaceutical composition comprising: (i) a unit dose of acetaminaophen and (ii) a

therapeutic:efficacy-enhancing amount of N-acetylcysteine, such that N-acetyleysteine and
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acetamino‘phcn arc present inthe composition inva.molar ratio of‘acetaminophen: to'N-
a‘t:.,cl-ylf cysteine.ranging from.about 1:15 to about 1;0.000977, wherein the composition has
a therapeutic effectiveness greater than the therapeutic. effectivencess of acetaminophen
alone when administered at the unit-dose of acetaminophen. According'to one embodiment
of the method, the unit dose of acctaminophcn in the composition is.a dose-that is less than
a standard maximum daily dosc of acctaminophen, wherein the standard ,;maximum;-dai-ly
dose¢ of acctaminophen -i'sZOO-.mg/day},_- 400 mg/day; 600 mg/day, 800 mg/day, 1200
mg/day. 1600 m‘g/dayf, 1625_ mg/dily,_i-ZOOO mg/day, 2400 mg/day, 3200 mg/day, or 4000
mg/day, and the composition has a therapeutic effcctivencss equivalentto the therapeutic
effectiveness of acetaminophen alone when acetaminophen is administered at the standard

maximum daily dose of acetaminophen.

(060 70] Accordihgﬁ'lo on¢ embodiment. the increase in the therapeutic effectivencss
of acetaminophen in an APAP:NAC composition:is d'ircci'iy proportional to the:therapeutic
efficacy-cnhancing amount of NAC. According to-one embodiment, the increase. in:the-
therapeutic effectiveness.of the acetaminophen is lincarly pro.l}om‘iona'l.‘Iof':the=

- acetaminophen therapeutic efficacy-enhancing.amount of NAC. According to another
embodiment, the increase in the tl.lcra_peutié cifectiveness of the acctaminophen in an
-AP—A‘P.:NACc()lnpos‘ition is about 1.5-fold higher-than that of the same acetaminophen
dose administercd alone. According to another embodiment, the increase in the therapeutic
effectiveness-of the acetaminophen in an APAP:NAC composition is about 2-fold higher
than that of the sanie acetaminophen dose-administered alone. According tozanother
embodiment, the increase in the -th‘erapeuti'c:eﬁ’é@:li'venéss_-of the-acetaminophén.in an
APAP:N AC composition is:about 3-fold higher than that of the same -acctaminophcn dose
administered alone. According toranother embodiment, the increase in the. therapeutic
effectiveness of the acctaminophen in an APA P:NAC composition is-about 4-fold higher
than that of the same acétaminophen dose administered alone. According to another

- embodiment,.the increase in the therapeuiic effectiveness of the acelaminophen inan
APAP:NAC composition is about 5-fold higher than that of the same acetaminophen dose
administered alone. According to-another embodiment, the.increase in-the therapeutic

cffectiveness of the acetaminophen in an APAP:NAC COIhpOSit'.ibn 1s about 6-fold higher

o
-



CA 02767833 2012-01-10
WO 2011/008976 | PCT/US2010/042163

than that of the same acctaminophen dose adrﬁinist’ered.alonc. According to-another
cmbodiment, the increase in the therapeuitic cffectiveness of the acetaminophen in an
APAP:NAC composition is about 7-fold-higher than that of the same acctaminophen dose
administered alone. According to .:anoi']ierembodinﬁcnt,*lhc increase. in the:therapeutic
effectiveness O"I’jthe-acetaminophén in an APAP:NAC composition is about8-fold higher
than that-of the same acctaminophen dose administered alone. According to another
embodiment, the increase in the therapeutic effeciiveness of the acetaminophen in an
APAP:NAC composition is about 9-fold higher than that-of the same acctaminophen dose
administered alone: According to another embodiment, ‘the increase in the therapeutic
effectiveness of the acclarﬁint)phcn‘in-an.-AI?,-AP:NAC‘c;Onj‘p’ositio’n 1s about 10-fold ligher

than that of the' samé- acetaminophen dose adminisiered-alone.

(000 71] According 1o another embodiment, the therape atic.efficacy-crihancing
amount of NAC is about [5-fold higher than the dose.of. acctaminophcn. According to
anolher'cmbodimcﬁl; the therapeutic efficacy-enhancing amount of NAC is,';.aboul.ﬁ‘I‘O-fcwl'd
higher l'han the dose of acetaminophen. According {o another embodiment, the therapeutic
efficacy-enhancing amount of NAC is about 5-fold higher than the-dose of acetaminophen
According to another embodiment, the therapeutic efficacy-enhancing amount.of NAC is
about 2-f6ld higher than the dose of acetaminophen. According to another embodiment, the
therapeutic efficacy-enhancing amount of NAC is about equal to the dose of
acetaminophen. According to another embodiment, the therapeutic efficacy-enhancing
amount of NAC is about one-fourth of the dose of acctaminophen. According to-another
embodiment, the therapeutic efficacy-enhancing amount of NAC is about one-eighth of the.
dose of acetaminophen. ‘ACCOI‘ding; to another embodiment, the therapeutic cfficacy-
enhancing amount of NAC is:about onc-sixteenth of the dose of acetaminophen.

According to another-embodiment, the therapeutic cfficacy-enhancing amount of NAC is
about one-thirty-second of the dose of acctaminophen. According to another'embodiment,
the therapeutic efficacy-enhancing amount of NAC is about ‘one-sixty-fourth of the dose of

acctaminophen..

1000 72] According 10 another embodiment, the dose of acetaminophen is about 4000

mg/day. According to another embodiment, the dose of acctaminophen is about 3000

{J
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mg/day. According to another embodiment, the dose of acetaminophen is about 2000
mg/day. According to another embodiment, the dose of acctaminophen is about 1000
mg/day. According (o another embodiment, the dose of acctaminophen is about 750
‘mg/day. According to another embodiment, the dose of acetaminophen is about 500
mg/day. According to another embodiment, the dose of acetaminophen. is about 450
me/day. According:to-another embodiment, the dose of acetaminophén.is about 400

- mg/day. ‘According 1o another embodiment, the dos¢ of acetam inophenis about 350
mg/‘day. According to-another cmbodiment, the dose of acetami nophen:is about 300
mg/day. According-to another embodiment; the dose of acetaminophen is about 250

- mg/day. According to another embodiment, thie dose of acetaminophen is about 200
tngfday. According to another embodiment, the dose of écclam'inophen-‘is‘abom 150
mg/day. According to another embodiment, the dose of acetaminophen 15 about 125
mg/day. According to-another-embodiment, the. dose of acetaminophen is about 100
mg/day. According to another.embodiment, the:dose of acetaminophen is about 75
“mg/day. Acc-ording-toaanothcr'embod'i‘mc:nt,'th'e-dbSc of acetaminophen is about 50
mg/day. According to another cinbodiment, the dose of acetaminophen is about 23
mg/day. According to another embodiment, the dose of acetaminophen is about 10
mg/day. According to another embodimént, the dose of acetaminophen is about 5 mg/day.

According to another embodiment, the dose of acetaminophen is about 1 mg/day.

[000 73) According to another embodiment, the acetaminophen efficacy-enhancing
amount of NAC 1s about 4000 mg/day. According to.another embodiment, the
acctaminophcn*e"f'ﬁcac’y,-enhancing. amount of NAC:is about 3‘,000 mg/day. According to
another cmbodiment, the acetaminophen efficacy-cnhancin g amount of NAC is about 2000
mg/day. According to another cmbodimem, the acctaminophe’n;emcacy'-'cf_lhancing‘
amount. of NAC is about ].‘.-OOO-mg/day. According to another embodiment, the
acétamihophen etficacy-enhancing amount of NAC is about 500 mg/day. According to
another embodiment, the acetaminophen ctficacy-enhancing amount of NAC is about 450
mg/day. According to another embodimeni, the acctaminophen ef ficacy-enhancing
amount of NAC is about 400 mg/day. According to another embodiment, the

acetaminophen efficacy-enhancing amount of NAC is about 350 mg/day. According to
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another embodiment, the acetaminophen-efficacy-enhancing amount of NAC is aboui 300
mg/day. According to another embodiment, the acetaminophen efficacy-enhancing
amount of NAC is about 250 mg/day. According to another embodiment, the
acetaminophen efficacy-cnhancing amount of NAC is about 200 mg/day. According to
another embodimcm, the acctaminophen:efficacy-enhancing amount of NAC is about 150
mg/day. According to-another embodiment, the-acetaminophen. efficacy-enhancing '
amount of NAC is about 125 mg/day. According to-another embodiment, the
acetaminophen eflicacy-enhancing amount-of NAC is about 1,00 meg/day. According to
another cmbodiment, the acctaminophen cfficacy-cnha ncing amount of NAC is-dbout 75
mg/day. According to another ¢mbodimient, the-acctaminophen efficacy-enhancing
amount of NAC.is.about 50 mg/day. According to anothcrembodiment; the
acctaminophen ¢éfficacy-enhancing amount of NAC is-about. 25 mg/day. According to
ariother cmbodimerit, the acctaminophen efficacy-enhancing amount of NAC is about 10
mg/day. According to another embodiment, the acetaminophen cfficacy-enhancing
amount of NAC is-about 5 mg/day. According to-another embodiment, the acctaminophen

cthicacy-enhancing amount of NAC is about | mg/day.

[000 74] According to another cmbodiment, the molar ratio of the dosc of
acetaminophen to the therapeutic cfficacy-cnhancing amount of NAC present is 1:15.
According to another.embodiment, the molar ratio of the dose of acetaminophen to the
th‘crap;eu,tif: efficacy-enhancing amount of NAC presentis 1:10. According to another
embodiment, -the molar ratio of the dose of acetaminophen to the therapéutic efficacy- |
enhancing amount of NAC present is 1:5. According to another embodiment, the molar
ratio of the dose of acetaminophen to the therapeutic-efficacy-cnhancing amount of NAC
present is 1:2. According 1o another embodiment, the. molarratio of the doseiof‘
acétaminophen to the therapeutic efficacy-enhancing amount of NAC present is 1:1.
According to another embodiment, the:molar ratio of the dose 'of acetaminophen to the:
therapeutic efficacy-enhancing amount of NAC present is 1:0.5. According 1o another
émbodimént, the molar ratio.of the'dose of acetaminophen to the therapeutic efficacy-
enhancing amount of NAC present is 1:0.25. According:to another embodiment, the molar

ratio of the dose of acetaminophen to the therapeutic ef ficacy-enhancing amount of NAC

b
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present is 1:0.125. A‘Ccor‘ding,to another embodiment, the molar ratio of the dose of
'acetaminOp'hcn to the therapeutic efficacy-enhancing amount of NAC present is 1:0.0625.
According (o another cmbodiment, the molar ratio of the dose of .acctam‘inophen to the
therapeutic efficacy-enhancing amount of NAC present.is 1:0.03125. According to
another enibodiment, the molar ratio of the dose of acetaminophen to the therapeutic
efhicacy-enhancing-amount of NAC present is 1:0.015625. .According to another
ecmbodiment, the molar ratio of the dose of acctaminophen to the therapeutic efficacy-
cnhancing amount of NAC present is 1:0.0078125. According to another.embodiment, the
-'ni'p_l ar ratio;qf fthc,:dosc ._O'l’~_ac,emm i«nophen to the -fl\'erapeutic-'cl"-"ﬁca’cy-'cﬁhanc.iﬁg amount ;Q"f
NAC present is 1:0:00390625. According to another embodiment, the:molar ratio-of the
dosc of acctaminophen to the therapeutic efficacy-cnhancing amount of NAC present s
1:0.001953125. According to another embadiment, the molar ratio of the dose of

acctaminophen to the therapeutic cfficacy-enhancing amount of NAC present is

1:0.000977.
1000 75) Accordingly, the described-invention allows for enhanced therapeutic

efficacy of acetam nophen upon co-administration of:N AC. Further, the therapeutic
efficacy of the described acc‘tmnin‘qph'cn-NAC; compositions does.not decrease during long
~ term use of the acetaminophen-NAC composition. Without being limited by theory, NAC,
which restores GSI%! , and‘can.reduce symptoms; such as. but not limited to, fever and pain,
supplements the antipyretic and dnalgesic aclivity of acetaminophen allowing for lower
doses of acctaminophcen {o be used to achieve the same therapeutic effect as would be
achieved with higher doses o‘f’.'un‘supplememedweicctalninophe‘n. ‘This increase in efficacy is

proportional to the-amount of NAC c¢o-administered.

[000 76} Atccording to another aspect, the described invention provides a method_'for
treating pain or fever, the method comprising the steps f(a) providing.a composition
comprising (i) a unit dose of acetaminophen and (ii) a therapeutic efficacy-enhancing
amount of N-dcetyleysteine, such that N-acclyleysteine and acetaminophen are present in
the composition in a molar ratio of acetaminophen to N-acetyl cysteine ranging from about
1:15 to about 1:0.000977; wherein the therapcutic effectiveness of the composition is

greater. than the therapeutic effectiveness of acelaminophen alone when administered at the
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unit dose of acetaminophen; and (b) administering the composition to a subject in need

thereof.

[000 77] According to one embodiment of the method, the unit dose of
acetaminophen in the composition 1s a dose that is less than a standard maximum daily
dose of acetaminophen, wherein the standard maximum daily dose of acetaminophen i1s 200
mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200 mg/day, 1600 mg/day, 1625 mg/day,
2000 mg/day, 2400 mg/day, 3200 mg/day, or 4000 mg/day, and the composition has a
therapeutic effectiveness equivalent to the therapeutic effectiveness of acetaminophen
alone when acetaminophen is administered at the standard maximum daily dose of

acetaminophen.

[000 78] General principles for determining therapeutic effectiveness, which may be
found 1in Chapter 1 of Goodman and Gilman’s Thc Pharmacological Basis of Therapeutics,
10" Edition, McGraw-Hill (New York) (2001) are summarized below.

[000 79] Pharmacokinetic principles provide a basis for modifying a dosage regimen
to obtain a desired degree of therapeutic efficacy with a minimum of unacceptable adverse
effects. In situations where the drug’s plasma concentration can be measured and related to

the therapeutic window, additional guidance for dosage modification can be obtained.

[000 80] Drug products are considered to be pharmaceutical equivalents if they

contain the same active ingredients and are identical in strength or concentration, dosage
form, and route of administration. Two pharmaceutically equivalent drug products are

considered to be bioequivalent when the rates and extents of bioavailability of the active

ingredient in the two products are not significantly different under suitable test conditions.

[000 81} The term “therapeutic window” refers to a concentration range that provides
therapeutic efficacy without unacceptable toxicity. Following administration of a dose of a

drug, its effects usually show a characteristic temporal pattern, which 1s depicted in Figure
4. A lag period is present before the drug concentration exceeds the minimum effective
concentration (“MEC”) for the desired effect. Following onset of the response, the

intensity of the effect increases as the drug continues to be absorbed and distributed. This
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rcaches a peak,after which drug elimination r.csults-'i'n'%asfde;cli'ne.'in.thei cffect’s intensity that
disappears when the drug concentration falls back below the MEC. Accordingly, the
duration of a.drug’s action.is determined by the time period over which concentrations
exceed the MEC. The therapeutic goal is to obtain-and maintain concentrations within the
therapeutic window for the desired response with a minimum of toxicity. Drug response
below the MEC for the desired effect will be subtherapeutic, whereas: for an adverse-effect.

¢ » iy ' "

the probability of toxicily will increase above'the MEC. 1 ncreasing or decreasing drug
'd‘osage's,liiﬁs the response curve up.or down the intensity scale and i s-'-use_dffto:1nodui'atc.- the
drug’.s_'effcc'f; Increasing:the dose also prdldngs:'a_‘fdrug-"":s’durationifof action but-at.therisk
of increasing the likelihood of adverse effects:. Accordingly, iniless the-drug is nontoxic,
increasing the dosc'is-not a useful strategy for extending a drug's:duration of action.
Instead, another dose-of drug should be given 10 maintain-concentrations within the
therapeutic window. In general, the-lower limit of the thérapeutic. range of a drug appears
to be approximately equal to the-drug concentration that produces about. half of the greatest
possible. therapeutic effecty and the upper limit:of the therapeutié ran g€ 15 such that no more
than about 5% to about 10% of paticnts will expericnee-a toxic effect. Of course, these
figures can be highly variable, and some patientsimay benefii greatly-from drug
concentrations that éxceed the therapeutic tange; while othe rs' may suffer significant
toxicity at much Jower values. "The:therapeutic goal is to-maintain stcady-state drug levels
within the therapeutic window. For most drugs, the actual concentrations: aSSO‘(‘:i‘ated"'with'
this desired range are:not and nced not be known; and it is sufficiént to-understand that
etficacy and toxicity arc.generall y.'-;conccn'tratioﬁ-dcpe\nd'c‘nt; and: how .drug, dosa'g;:' and
frequency-of administration affect-the drug Tevel. For a small number of drugs where there
1S a small(two- l“o'fthreé'-.fold}‘.diﬂér‘chce.-bctwécn' concentrations resulting in-cfficacy and
toxicity, a-plasma-concentration range associated with effective therapy has been defined.
[n-this case, a'tafget level strategy is reasonable, wherein a desired target steady-statc
concentration.of the drug (usually in plasma) associated with efficacy and minimal toxicity
is chosen, and a-dosage is computed that is expecicd to achieve this value. Drug-
concentrations subsequently are measured and dosage is:adjusted if necessary to

approximatc. the target more closely.
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|000 82] In most clinical situations, drugs are administered in a series:of repetitive
doses or as.a continuous infusion o mainfain a steady-state concentration of drug B
associated with the therapeutic window. To maintain the choscn steady-state or target
concentration (“‘maintenance dose™), the rate of drug-administration‘is adjusted such that
the rate of input-equals:the rate-of loss. If the elinician chooses the desired concentration of
drug'in plasma.and knows the clearance and bioavailability. for that drug in-a-particular |

patient, the-appropriate dose and dosing-interval can be-calculated.

[00083]  The *loading dose” is one ora series.of doses that may be given at the onset
of therapy ‘with the aim of achieving the target concentration rapidly. A loading dosc may
be desirableaf the time required 10-attain steady state by the'administration of drug at a

constant rate is. long relative to the.temporal demands of the condition being treated.

000 34] The precise -,dbse.- of:APAP and NAC to be employed in an APAP-NAC
formulation v&ill-dcpend‘ohft_hc route of ddministration and the seriousness of the discase or
disorder, and should be:decided accord-.ingﬁt‘os:-.t?he judgment of the:practitioner and each
patient’s circumslances: Seq, for example, Goodman and Gilman’s The Pharmacological |
Basis of Therapeutics (2001); The Physician's Desk Reference, Medical Economics
Company, Inc., Oradell, N.J., 1995; and to:Drug Facts and Comparisons, Facts and
Comparisons, Inc., St. Louis, Mo., 1993. Patients on thérapy known 1o deplete
cysteine/glutathione.or produce oxidative stress'may benefit from higher amounts of NAC
Onc of ordinary skill in the art. may determine:empirically the effective amount of a
composition comprising acctaminophen and NA’C?.‘andZOr other therapeutic-agent without
né'ccs_’si'tzit'ing"unduef.cxpcritﬁ,cn_taliOn.. Generally, it is.preferred that.a:maximum dose be |
used, that is, the highest safe.dose according to some xnedic'alt_qtj udgment. Accordingly, for
any composition described herein, the therapeutically: effective amount may be initially
determined from preliminary in vitro studies and/or animal.models. A therapcutically
effective.dose also may be deterniined from human data. The apphed dose may ’bc
adjusted based on the relaiive bioavailability and potency of the administered compound.
Adjusting the dose to achieve maximal efficacy based on the methods described above and
other methods are well-known in the art and is well within the capabilities of the ordinarily

skilled artisan.



[000 85] The terms “minimize”, "reduce" and their grammatical equivalents refer to a
reduction in the frequency and or severity of one or more adverse drug experiences in a
given subject or subject population. It is appreciated that the subject population may be of

necessity much smaller in size than the general population that may be exposed to the drug

and/or its adverse experiences.

1000 86] Routine serum liver chemistries (bilirubin, aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), alkaline phosphatase) and serum alpha
glutathione S-transferase (0GST), may be used as a measure of hepatocellular injury. It
also is appreciated that the results obtained from methods for determining the reduction in
the frequency and/or severity of adverse drug experiences may be subject to variables such
as intra-subject and inter-subject factors. However, it also is appreciated that certain
scientifically accepted methods can be used to conduct the studies and that the results from
such studies are statistically reliable. Such methods and interpretation of the results from
such methods are well-known in the art. See, for example, Robert R. Sokal & F. James

Rohlf, Biometry: The Principles and Practice of Statistics in Biological Research, 2nd ed.
(1969).

NAC Packaging: Stability

[000 87] Over-the-counter NAC can be produced variably and packaged. Because
production and packaging methods generally do not guard against oxidation, NAC can be

significantly contaminated with bioactive oxidation products. These may be particularly

important in vicw of data indicating that the oxidized form of NAC has effects counter to

those reported for NAC and is bioactive at doses roughly 10-100 fold less than NAC (see
Samstrand et al (1999) J. Pharmacol. Exp. Ther. 288: 1174-84).

[000 88] The distribution of the oxidation states of NAC as a thiol and disulfide
depends on the oxidation/reduction potential. The half-cell potential obtained for the NAC
thiol/disulfide pair is about +63 mV, indicative of its strong reducing activity among

natural compounds (see Noszal ¢t al. (2000) J. Med. Chem. 43:2176-2182).
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[00089]  Itthereforcis highly desirable that the APAP-NAC formulation is prepared
and stored so that oxiahtibll; of the reduced form of NAC is minimized. When in solution,
NAC containing-formulations may:be stored in a brown bottlc that is vacuum sealed. In
some embodiments, storage.is in a cool dark cnvironment: In some embodiments, NAC
containing formulations in solid form arc blister packed under pas. In some embodiments,
APAP:NAC formulations arc formulated as a tablet, wherein the tablet comprises
antioxidants. In some such embodiments, the tablet is uncoated. In‘some such
embodiments, the tablet is coated with a coating that acts 1o, for example, limit oxygen
transfer or-photolability: According to another embodiment, the composition further
':c'ompri"ses-.Sta’ibi-liiing agents. -Sl'abi:li'zing--agén_ts may include, but are not limited to.,
antioxidants. Such agents may act to, for example; but not limited to, inhibit-oxygen

transfer or photolability.

(000 90) The determination of reduced and oxidized specics present in a sample may
be determined by various methods known in the art,-for example, with capillary
electrophoresis, HPLC, etc. as described by Chassaing et al. ( 1999) J Chromatogr R '
Biomed.Sci Appl 735(2):219-27. | |

Administration

1000 91} The formulations of the deseribed invention may be administered oral'ly,
topically, parenierally, buccally, by inhalation or insﬁfﬂatio’n (either through the mouth or
through the nose), rectally, or by any means known to the skilled artisan. The composition
can be. a liquid solution, suspension, cmulsion, tablet, pill, capstle, susla_in‘ed rclease
‘formul}:ﬂibin,: .p'd'wd‘ér;,‘ Of can bc. formulated as.a suppository, with traditional binders and

carriers-such as triglycerides.

Oral Délivery

[000 92] The compositions of the described invention may be in a form suitable for
oral use, for example, as tablets, troches, lozenges, aqueous or oily-suspensions, dispersible
powders or granules, emulsions,-hard or soft-capsules or syrups or ¢lixirs. As used herein,

the terms “oral” or “orally” rcfer to the introduction into the body by mouth whereby
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absorption occurs in one or more of the Following arcas of the body: the mouth, stomach,
small intestine, lungs (also specifically réferred to as inhalation), and the smal) blood
vessels under the tongue (also specifically referred to as sublingually). Com_poéitions
intended for oral.use may be-prepared according 10 any known method, and such
compositions’may. contain one or more agenis selected from the:group consisting of
sweetening agens, flavoring agents, coloring agents, and prescrving agents in order:to
provide pharmaceutically elcgant and palatable preparations. Tablets may contain the
active ingredienl(é)-in-.-ad'm_i'xt’_tlre"\xfith non-toxic pharmaccutically-acceptable excipients:
which are suitable for the manufacture of tablets. These excipients may be; for example,
inert diluents, such as calcium carbonate, sodium carbonate, lactose; calcium phosphaie or
sodium phosphate; granulating and'-'disihtcg_raliflg:agent,s,,-‘for cxample, com starch or
alginic acid; binding.agents, -’fo_r'cxam,Pl,e,__st'afcll,.;gclatin or acacia; and lubricating agents,
.'For-*'examplc; .magn‘c's'iu.n1z:-:s1'e'a"1‘z'1te1-;stcari¢--'a'c'i'd*or talc. ‘The tablets' may be uncoated or they
may be coated iby3k.noWn"’tcchﬂiq1ics, for example, to delay disintegration and absorption-in
the pastrointestinal tract:and thercby provide a sustained action over a longer period, to
protect the composition from oxidation or photodegradation: or for controlled release. For
example, a time delay material such as glyceryl monostearate or glyceryl disicarate may be

~ employed.

[000°93] Compositions of:the described invention also may be-foniulated for oral
use as hard gelatin:capsules, where the active ingredient(s) is(are) mixed with an inert solid
diluént, f or ¢xample, calcium carbonate..calcium phosphalé.-orkao‘lin,for soﬂ.gélatin
capsules wherein the active ingredient(s) is (are) mixed with water or an-oil medium, for

example, peanut oil, liquid parafTin, or olive oil.

[000 94] The compositfons of the described invention may be formulated as aqueous
suspenstons wherein the active ingrcdicnt(s)- is (are) in admixture-with excipients suitable
for the manufacture: of aqueous suspensions. Su_chi-e.\:cipiénts:arc-rsuspendingj‘agcnts, for
cxample, sodium carboxymethylcellulose, methylcellulose; hydroxy-
propylmethylcellulose, sodium alginate, polyvinylpyrrolidone, ¢um tragacanth, and pum
acacia; dispersing or'wcn‘ing' agents may be.a naturally-occurring phosphatide such as

lecithin, or condensation products of an alkylenc oxide with fatly acids, for cxample,
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polyoxyethylenc stearate, or condensation products of-ethylene oxide with long chain
a]iphat’i'c*-alcdhol'is', fbr'cxamp]e, heptadecaethyl-eneoxycetanol, or condensation products of
cthylene oxide with partial esters derived from fatty-acids and a hexitol such as
po]y,oxyc_thylene sorbitol monooleate, or condensation products of ethylene oxide with
partial esters-derived from fatty acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The-aqueous suspcngit)ns. also.may contain.one or more coloring.
agents, one or more flavoring, agents, and one ormore sweeténing agents, such.as-sucrosc

or saccharin.

[000 95) .Compositi(m's:fol"thc-dcscri-b.ed mvention may-be formulated a§ oily
suspensions by suspending the active ingredient in-a vegetable oil, for example arachis oil,
olive oil,:sesame o1l or coconut oil, or in a mineral oil, such as liquid paraffin. The oily
suspensions may contdin a thickening agent, for examplc, bccsw:xx, hard paraffin or cetyl
alcohol. Swéetcnih‘g‘,,agenlﬁ, such-as those sel forth above, and flavoring agents may be
added to proviﬁde-ai_palatablc;ora-l preparation. These compositions:may be preserved: by-the

addition of an antioxidant such as ascorbic acid:

[000 96] Compositions of the déscribed invention:may be formulated in the form of
dispersible-powders and granules suitable for preparation of an agueous suspension by the
addition of water. The active ingredient.in such powders and granules 1s provided in
admixture with a dispersing or wetling agent, suspending agent, and one-or more:

_ . y v, v 2 o . '. . R ‘ . . AT > .
prescrvatives. Suitable dispersing or wetting agents and-suspending agents are exemplified
by those already mentiofied-above. Additional excipients, or-example,.sweelening,

flavoring and coloring agents also may be-present.

{000 97] ‘The:compositions of the invention-also may be in.the form of an emulsion.
An emulsion is.a two-phase system prepared by combining two immisciblé liquid carriers,
one of which is disbursed uniformly throughout the other:and consists of globules that have
diameters equal to or greater than those of the largest colloidal part-ic.lcs. The globule size
1s critical and-must be.such that.the system achieves maximum -'s'labil'il'y. Usually,
scparation of the two phascs, will not-occur unless a third sub.s'l_anc'c; an emulsifying agent,

1s incorporated. Thus, a basic.emulsion.contains at least. three.components, the:two
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immiscible liquid carriers and the emulsifying agent, as well as the.active ingredient, Most

emulsions incorporate¢-an:aqueous phase into a.ndon-aqueous phase (or vice versa).

However, it'is possible to prepare emulsions that are basically non-aqueous, for cxample,

anionic and cationic surfactants of the:non-aqucous immiscible-systern: glyéerin and olive
oil. Thus, the compositions of the invention may-be in the form of an oil-in-water
emulsion. The.oily phase may be a vegetable oil, for example, olive oil.or arachis vil, or.a
miﬁc'ral-.oil, for example a liquid paraﬂ’in, or a mixture thercof. Suitable emuISi'If)ring' |
agents may be naturally-occurring gums, for example, gum:acacia-or gum tragacanth,
naturally-occurring phosphatides, for example soy bean, lecithin; and cstérs:or partial csters

derived from’fatty acids dnd hexitol anhydrides, for exaniplesorbitan-monooleate, and

condensation products of the-partial esters with:ethylenc oxide, for cxample,

polyoxycthylene sorbitan monooleateé. The emulsions also'may contain sweetening and

flavoring agents.

1000 98] The compositions of the invention also may be formulated as syrups and

elixirs. Syrups.and elixirs may be formulated with swectening agents, for example,

glycerol, .propylene.glycol, sorbitol orsucrose. Such formulations also.may contain a

demulcent, apreservative; and-flavoring and coloring agents. .Demulcents-are protcctive:

agents employed-primarily to alleviate arritation, -pargl?i"c’u.l"arly mucous‘membrancs or
abraded tissues. A number of chemical substances possess demuleent properties. These
substan&;s include the alginates, mucilages, gums, dextrins, starches, certain sugars,.aﬁd
polymeric .pol‘y‘hydr{i(:-gl_yco'ls. Others include acacia, agar, benzoin, carbomer, gelatin,
glycerin, hydroxyethyl cellulose, hydroxypropyl cellulosc, hydroxypropyl methylcellulose, -
pro_py‘l"cné' glycol, sodium alginate. ragacanth, hydrogels and the like.

[000 99 For buccal administration, the compositions of¢the described-invention may
take.the form of tablets-or lozenges formulated in a conventional manner.

000 100} There arc';lhrcc_.gcnc,ral.amc,thods:ol’.-lé‘blcl preparation: the wet-granulation
method; the dry-granulation method; and direct compression. The méthod of preparation
and the added ingredients are selecied to.give the tablet fomxulétion the desirable physical

characteristics allowing the rapid compression of tablets. After compression, the tablets
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must have a number of additional attributes such as appearance, hardness, disintcgration
ability, appropriatc dissolution characteristics, and uniformity, which also are influenced

both by the-method of prepariiion and by the added materials present 1n the. formulation.

[000 101] -According to another embodiment, ‘the tablet is a compressed tablet _i(.CT).-
Compressed tablets are salid dosage. forms. formed with pressuré and c¢ontain no spccial
or'in-combination with binders, disinicgrants, controlled-release polymers, lubricants,

diluents and colorants:

[000 102} - According to another embodiment, the tablet-is-a sugar-coated tablet. These
are.compressed tablets containing a sugar coating: Such coatings may be colored-and are.
beneficial in covering up drug substances;possessing objectionable dastes or‘odors and in

protecting materials sensitive:to oxidation.

[000-103]  Accordingto another embodiment; the tablet is-a film=coated tablet. These
Compressed tablets arc-covered with athin laver or film of a water-soluble material.

Numecrous-polymeric substances with f{ilm-forming properties may be used.

(000 104] According to another embodiment, the tabletis an enteric-coated tablet.
These Compressed tablets arc, coated wi-lﬁsﬁbslanccsthal resist solution in gastric fluid but
disintegrate in theintestine. | |

[000 ,1_0'5[' According to-.'an'olhcr.icm'bbdi'm"cl’}t .the tablet is a multiple.compressed
tablet. Thesé tablets arc:made by more than onc;cqmprcss'i'on cycle: Layered tablets are
preparcd by compressing additional tablet granulation on a.-;pr'é\'?:i"ously‘c’ompressed
granulation. The operation may be repeated to produce multilayered tablets of two or three
layers. 'Pres_setqatcd._-l‘abléts_f.('dry-acoatcd) are prepared by feeding previously compressed
tablets into a special tableting machine and compressing another granulation layer around

the. preformed tablets:

[000 106] According to another embodiment, the tablet is.a-controlled-relcase tablet.

Compressed tablets can be formulated 1o release the drug slowly over a prolon ged period
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of time. Hence, these dosage forms have been referred to as prolonged-release or

sustai ncd-release d'os'ago forms.

[000 107} A‘c.cording to another embodiment,.the tablet is a tablet for solution. These
Compressed tabléts may be used to prepare solutions or to impart given characteristics to

solutions.

[000 108]  According 1o some such embodiments; the tablet i§ an cffervescent tablet.
In:addition to the drug, these tablets-contain sodium bicarbonate and an organic acid such
as tartanc acid or citric acid. In the presence of.water, these additives react, liberating

carbon dioxide that acts as a disintegrator and produce cffervescence.

1000 109]  ~ According to-another embodiment, the tablet is a compressed suppository or

imsert..

[000-110] According to another. cmbodiment, the tablet is a buccal and or sublingual

lablet. These-arc small, flat, oval tablets intended for buccal administration-and that by

[000 111] According fo another embedimcm-_._ the tablet is a molded tablet or tablet

_trituratc;

[000112]  Insome embodiments, the tablet-comprisés a compressed core comprising
atleast onc component of the described formulation; and a membrane forming
composttion. Formulations utilizing:-membrane. forming:compositions are:known to thosé
of skill in the-art (sce‘, for.example, Remington’s Pharmace utical Sciences, 20th d., 2000).
Such membrane forming compositions, may include, for example, a polymer, such as, but
not limited to,-ccll-u'lose- ester, cellulose ether. and cellulose ester-¢ther polymers, an
amphiphilic triblock copolymer surfactant, such as cthylene oxide-propylene oxide-
ethylene oxide, and a solvent, such-as acctone, which forms a membrane over the core.

The compressed core may-contain a bi-layer core including a drug layer and a push layer.

Non-Oral Delivery
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1000 113]  The term "non-oral administration" represents any method of administration
in-which-a composition is not provided in a solid or | iquid oral dosage form, wherein such
sohd or liquid oral dosage form is traditionally intended to substantially releasc and or
deliver the drug in the gastrointestinal tract beyond the mouth and/or buccal cavity. Such
solid dosage torms includeconventional tablets, capsulcs, caplets, etc., which do. not
substantially release the.drug in the mouth or in the oral cavity. It is appreciated that many
oral liquid dosage forms such as solutions, suspensions, emulsions, étc., and some oral
solid dosage forms may rélease some of the.drui in the mouth-or-in the oral cavity during
the- swallowing of these formulations. However, due to their very short transit time through
the mouth and the oral cavities, the release of drug from these formulationsin the mouth or
the oral cavity 'i‘s-éonsi_'dc'rédffde'mi'niinils or insubstantial.. A'c;cordingl');, it is understood
that the term "non-oral” includes parenteral, transdermal, inhalation, implant, and vaginal
or rectal formulations and administrations. Further, implant formulations-are to be included
in the term "non-oral,” regardless of the physical location of implantation. Particularly,
‘implantation formulations are known-which-are spe‘c.if’ically designed for implantation and
retention inthe gastrointestinal traét: Such implants are also-consideréd to be non-oral

delivery‘formulations, and thercfore, are encompassed by the term "non-oral "
[000 114] Rectal Delivery

1000 115) - The compositions of the described invention may be in the: form of
suppositorics for rectal administration of the composition, such as for treating pediatric
fever. “Rectal” or “rectally” as-used herein refers to introduction into the body through the
rectum where absorption occurs through the walls of the rectum. These compositions can
be prepared by mixing the drug-withfatsuiteible,noni;rr-itziling. excipient such as cocoa butter
and pol ycthy.lcnc,-.'glycols.-.whi(:h'~- arc-solid at.ordinary. t'tf:fhpcraiqrcs but hiquid atthe rectal
tc_mperatureaﬁd will therefore melt in-the rectum and release the drug. When formulated
as.a.suppository the compositions of the invention may be formulated with traditional

binders and carriers; such as iriglycerides.

Parenteral Delivery
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[000 116] The compositions of the described.invention may be in the.form of a sterile
injectable aqucous or oleaginous suspension. The term “parenteral” as used herein refers
1o introduction into the body by way of an injection (i.¢., administration by injection);
inc-lu_ding, I’or;examplc,-subcutianeously (1.e;, an injection bencath the s‘ki_n'),.,-i'ntramuscular-ly
(1.¢:, an injection’into a muscle); intravenously. (i.¢.. an injection into a vein), intrathecally
(i.e., an‘injection '_im'p' the space.around the spinal-cord), intrasternal injection, or infusion

- techniques. A parenterally administered composition of the described invention 1S
delivered using a-needle, e.g., a surgical needle. The term “surgical needle” as used herein,
refers 1o any needle-adapted for delivery of fluid (i.c:, capable of flow) compositions of the
described invention into a selected anatomical structure. Injectable preparations; such as
sterile inj‘ec'laib'lc»aqu‘co‘us--‘or oleaginous susperisions, may: be. formulated according tothe

known art using suitable'dispersing or wct"i'ing?::agt:‘n'tsian'd- suspending.agents.

[D'OO 1 17] ‘The sterile injectable preparation may also be a sterile inj ectable solution or
suspension in a nontoxic parenterally-aceeptable diluent or solvent, for example, as a
selution in 1, 3-butanediol. A solution generally is considered as a homogencous mixture
of two or more substances; it is frequently; though not necessarily, a liquid. In a solution,
the molecules of the solute (o.r dissolved sﬁbslanc’c) are uniformly disuib_ui‘ediamongthosc
of the.solvent. A suspension is.a dispersion {mixture)-in which a finely-divided species is
combined with anéther species, with the former beirig s0. fincly divided-and mixed that it
doesn't rapidly settle out. In everyday life, the most common.suspensions are those of
solids in liquid water. Among the acceptable vchicles-and solvents.that may be employcd
arc watcr, Ringer’s solution, and isotonic-sodium chloride solution: In‘addition, sterile,
fixed otls are .¢()nventi0ﬁally employed-as a solvent or'suspending medium. For parentcral
application, particularly suitable vehicles consist o‘l;’.s‘olul'i"ons,- prcfcrabl'}' otly oraqgueous
solutions, as:well as suspensions, emulsions, or implants. Aquc()us'suspft;'nsions;ma_}
contain substanc'cs‘.x&‘hic.h'.'inC-rCasc-l‘hc-fxéiSCos'i_ty of the suspension and include, for example,
sodium carboxymethyl cellilose, sorbitol and/or dextran. Optionally; the suspension may

also contain stabilizers.

Delivery: by Inhalation or Insufflation
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[000 117] The compositions of the described invention may be in the form of a
dispersible dry powder for delivery by inhalation or insufflation (either through the mouth
or through the nose). Dry powder compositions may be prepared by processes known in
the art, such as lyophilization and jet milling, as disclosed in International Patent
Publication No. WO 91/16038 and as disclosed 1n U.S. Pat. No. 6,921,527. The
composition of the described invention is placed within a suitable dosage receptacle in an
amount sufficient to provide a subject with a unit dosage treatment. The dosage receptacle
1S one that fits within a suitable inhalation device to allow for the aerosolization of the dry
powder composition by dispersion into a gas stream to form an aerosol and then capturing
the aerosol so produced in a chamber having a mouthpiece attached tor subsequent
inhalation by a subject in need of treatment. Such a dosage receptacle includes any
container enclosing the composition known 1n the art such as gelatin or plastic capsules
with a removable portion that allows-a stream of gas (e.g., air) to be directed into the
container to disperse the dry powder composition. Such containers are exemplified by those
shown in U.S. Pat. Nos. 4,227,522; U.S. Pat. No. 4,192,309; and U.S. Pat. No. 4,105,027.
Suitable containers also include those used in conjunction with Glaxo's Ventolin®
Rotohaler brand powder inhaler or Fison's Spinhaler® brand powder inhaler. Another
suitable unit-dose container which provides a superior moisture barrier 1s formed from an
aluminum foil plastic laminate. The pharmaceutical-based powder 1s tilled by weight or by
volume into the depression in the formable foil and hermetically sealed with a covering
foil-plastic laminate. Such a container for use with a powder inhalation device 1s described
in U.S. Pat. No. 4,778,054 and is used with Glaxo's Diskhaler® (U.S. Pat. Nos. 4,627,432;
4.811,731; and 5,035,237). '

Topical Delivery

[000 118] The term “topical” refers to administration of an inventive composition at,
or immediately beneath, the point of application. The phrase “topically applying” describes
application onto one or more surfaces(s) including epithelial surfaces. Although topical

administration, in contrast to transdermal administration, generally provides a local rather

than a systemic effect, as used herein, unless otherwise stated or implied, the terms topical
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administration and transdermal administration are used interchangeably. For the purpose

of this application, topical applications shall include mouthwashes and gargles.

[000 119] Topical administration may also involve the use of transdermal
administration such as transdermal patches or 1ontophoresis devices which are prepared
according to techniques and procedures well known 1n the art. The terms “transdermal
delivery system”, transdermal patch” or “patch” refer to an adhesive system placed on the
skin to deliver a time released dose of a drug(s) by passage from the dosage form through
the skin to be available for distribution via the systemic circulation. Transdermal patches
are a well-accepted technology used to deliver a wide variety of pharmaceuticals,
including, but not limited to, scopolamine for motion sickness, nitroglycerin tor treatment
of angina pectoris, clonidine for hypertension, estradiol for post-menopausal indications,

and nicotine for smoking cessation.

[000 120) Patches suitable for use in the described invention include, but are not
limited to, (1) the matrix patch; (2) the reservoir patch; (3) the multi-laminate drug-in-

adhesive patch; and (4) the monolithic drug-in-adhesive patch; TRANSDERMAL AND

TorIicAL DRUG DELIVERY SYSTEMS, pp. 249-297 (Tapash K. Ghosh et al. eds., 1997).

These patches are well known in the art and generally available commercially.

Additional Components

[000 121] The compositions of the described invention may further include
conventional excipients, i.e., pharmaceutically acceptable organic or inorganic carrier
substances suitable for parenteral application which do not deleteriously react with the
active compounds. Suitable pharmaceutically acceptable carriers include, but are not
limited to, water, salt solutions, alcohol, vegetable otls, polyethylene glycols, gelatin,
lactose, amylose, magnesium stearate, talc, silicic acid, viscous paraffin, perfumec o1l; fatty
acid monoglycerides and diglycerides, petroethral fatty acid esters,

hydroxymethylcellulose, polyvinylpyrrolidone, etc. The pharmaceutical preparations may

be sterilized and if desired, mixed with auxiliary agents, €.g., lubricants, preservatives,

4()
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stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers,
colorings, flavoring and/or aromatic substances and the like which do not deleteriously
react with the active compounds. For parenteral application, suitable vehicles include
solutions, such as oily or aqueous solutions, as well as suspensions, emulsions, or implants.
Aqueous suspensions may contain substances which increase the viscosity of the
suspension and include, for example, but not limited to, sodium carboxymethyl cellulose,

sorbitol and/or dextran. Optionally, the suspension also may contain stabilizers.

[000 122] The composition, if desired, also may contain minor amounts of wetting or
emulsifying agents or pH buffering agents. Oral formulations can include standard carriers
such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium

saccharine, cellulose, magnesium carbonate, etc.

[000 123] The term “pharmaceutically acceptable carricr” as uscd hercin reters to
any substantially non-toxic carrier conventionally usetul for administration of
pharmaceuticals in which the active component will remain stable and bioavailable. In
some embodiments, the pharmaceutically acceptable carrier of the compositions of the
described invention include a release agent such as a sustained release or delayed release
carrier. In such embodiments, the carrier can be any material capable of sustained or
delayed release of the active ingredient to provide a more efficient administration, resulting
in less frequent and/or decreased dosage of the active ingredient, ease of handling, and
extended or delayed effects. Non-limiting examples of such carriers include liposomes,
microsponges, microspheres, or microcapsules of natural and synthetic polymers and the
like. Liposomes may be formed from a variety of phospholipids such as cholesterol,

stearylamines or phosphatidylcholines.

[000 124] Additional compositions of the described invention can be readily
prepared using technology which is known in the art such as described in Remington’s

Pharmaceutical Sciences, 18th or 19th editions, published by the Mack Publishing

Company of Easton, Pennsylvania.

[000 125] A therapeutically active agent can be formulated per se or 1n salt form. The

term "pharmaceutically acceptable salt" means those salts which are, within the scop¢ of

4]
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sound medical judgment, suitable for use in-contact-with the tissues of humans and lower
animals without unduc toxicity, irritation, allergic response and-"lhe like.and are |
commensurate with a reasonable benefit/risk ratio. Pharmaccutically acceptable salts are
well-known in the art. For example, P. H. Stahl, et al. describe pharmaceutically
acceptable salts in detail in "Handbook of ,I’Ilamac611tical Salts: Properties, Sclection, and
Use" (Wiley VCH, Zurich, Switzerland: 2002). Pharmaceutically acceptable salts i'nc'l.ude,
but are not limited to, those-formed with frce amino ‘groups such as those-derived from
llydroi':illlot‘ic;'-phosphOfi'é,, sulfuric, acetic, oxalic,.tartaric acids, ete.. and those formed with
free.carboxyl-groups such.as-those derived from sodium, potassium, ammonium, c’é’lcium,
ferric hydroxides, isopropylamine, lrie'thy-lalninc, 2-¢cthylamino-ethanol, histidine, procaine,
etc. When used in medicine the salts should'be. pharmaceutically acceptable, but non-
pharmaceutically 'accep'tab'lcw-sal‘ts may conveniently be used to prepare pharmaceutically
acceptable salts ther.eof. Other such salis include, but arc not limited to, those prepared
from the following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic,
acetic, salic.yli'c, p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malonic,
succiﬁic,:naphthalené—Z-‘sulphoni'c, and benzene sulphonic. Also. such salts may be
prepared as alkaline metal or alkaline carth salts, such as sodium, potassium or calcium
salts of the carboxylic acid group. The salts may be prepared in situ during the final
1solation and purification of the compounds described within the present invention or

- separately by reacting a free base function with a <‘sx?itabl‘e organic acid. Répresentative
acid addition salts include, but dre not limited to, acetate, adipate, alginate, citrate,
as‘p’aﬂatc, benzoate, benzenesulfonate, bisulfate. butyrate, camphorate, camphorsufonate,
digluconate, glycerophosphate, hemisulfate, heptanoate, hexanoate. fumarate,
hydrochl()ride_,."llydrobr'on’l.ide,- hfydfdibdid'e',,é-Z-hyd,roxycthansul_f onate(isethionate), lactate,
malcate, methanesulfonate. nicotinate, 2.-naphthal'é-:nésulfonat'-c, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, pr'c_)pi’()’nate,"su(:éin'a'te, tartrate,
thiocyanate, phosphate, glutamate, bicarbonate, p-toluenesulfonate and undecanoae. Also,
the basic nilrbge;i'l-comai'ning'-groups;may be-quaternized with Such agentsas-lower alkyl
halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl

sulfates like dimethyl, diethyl, dibutyl'and diamy! sulfatcs; long chain halides such as
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decyl, lauryl, myristyl and stearyl ¢hlorides, bromides and iodides; arylalkyl halides like
benzyl and phenc‘thyl“bmniid'cs and others. Waicr or oil-soluble or dispersible products are
thereby obtained. Examples of acids which may be employed to form pharmaceutically
acceptable acid addition salts include-such inorganic acids-as.hydrochloric acid,
hydrobromic acid, sulphuric acid and phosphoric acid and such organic. acids as oxalic
acid, maleic acid, succinic acid and.citric acid. Basic.addition salts may be: prepared insitu
*during-. the final'isolation-and purification of compounds described within the inveniion by
reacting a carboxylic acid-containing moiety with a suitable base such us th‘e. hydroxide,
carbonatc or bicarbonate of 4 pharmaccuti’éall}" acceptable metal cation or with ammonia or
an organic primary, secondary or tertiary amine. ‘Pharmaccutically acceptable salts
include, but arc not limited to, cations based on.alkali metals.or alkaline earth-metals such
as lithium, sodiiim, potassium, calcium; magnesium and aluminum salts:and the:like and
._n'pmbxic;-q~11at¢ma;ry--'-ammon'ia and amine cations.including ammonium,
tetramethylammonium, tetraethylammonium, methylamine; dimethylamine,
-l“r?ime.thylami‘ne‘; triethylamine, diethylamine; cthylamine and-the like. Other répresentative
organic amines-useful for the formation of base-addition salts include cthylencdiamine,
cthanolamine, diethanolamine, piperic‘iiﬁ‘c, piperazine. and-the like. .I."harm'a(:eut'iCal'l:)_'
accepl‘z{‘bléésa‘l‘t’s-- may be also obtained using-standard procedures 'well known in the-art, for
example by reacting a sufficiently basic compound such as an amine with a :s,uitabl“c acid
affording a physiologically acceptable anion. Alkali metal(for example, sodium,
pbtass'ium or lithium) or alkaline earth metal (for example calciim or magnesium) salts of

carboxylic acids may-also be made.

[000 127] The pharmaceutical agent ora-pharmaceutically acceptable.ester; salt,
solvate or prodrug thereof may be'mixed with additional active materials that do not impair
the desired action; or with materials that supplement the desired action. Solutions or
suspensions-used for parenteral, or topical application may include, but are not limited to.
for example, the tollowing components: a sterile dilucnt stich-as water for injection, saline
solution, fixed oils, polyethylene gl)fcéls;.gl)fccﬁne, propylene glycol or other synthetic
solvents; antibacterial agents such as benzy! alcohol or methyl parabens; antioxidants such

as ascorbic-acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
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acid; bL111b'rS-.s,uch'.a$ acetates, citrates or phosphates and agents for the adj'ﬁs'tillcnt'o'l’
tonicity such as sodium chloride or dextrose, The parental preparation. may be enclosed in
ampoules, disposable syringes or-multiple dose vials made of glass or plastic.
Administered intravenously, particular carricrs are physiological saline or phosphate
buffered saline (PBS). '

Packaging

[000.128]  From a manufacturing and-quality control perspective, the compositions of
the-described invention can be produced and packaged in the same manner that NAC
historically is manufactured. Because:NAC destabilizes, degrades, and essentially
weakens:the longer it 15 exposed to air, 1t is manufactured cmploying strict temperature
controls during the manufacturing process.in order to limit exposure to air. In some
embodiments, this. process includes immeédiately packaging (he tablet, capsule, or powder
'dirc‘ctly on' the manufacturing line the:moment cach tablet is manufactured. Each: tablet IS .
individually wrapped.and sealed in airtight-packaging:-optionally under gas; a process that
has-resulted in significant long term stability.

[000 129]  The described.invention also provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of the ingredients of the
pharmaceut-ical'composii‘ions’ of the invention. Associated with such container(s) can be a
notice in the form preéscribed by a governmental agency regulating the manufacture, use or
sale of pharmacculicals or biological products, which notice:; reflects-approval by the

agency of manufacture, use or sale for human admi nistration.

1000 130]. Where a range ofvalues:is provided, it is understood that cach intervening
value, to the:tenth-of the:unit of the lowei limit unless the coniext clearly dictaics
otherwise, between the upper and lower limit-of that.range and any other stated or
micrvenin g~:val_ué.".inl‘ that stated:range -is-éncompasscd* within the invention.. The upper.and
lower limits ol these smaller ranges which may independently be included in the:smaller

ranges 1S also encompassed within the invention, subject to any specifically excluded limit
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in the stated range. Where the stated range includes one or both of the limits, ranges

excluding either both of those included limits are also included in the invention.

[000 130] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the

preferred methods and materials are now described.

[000 131] It must be noted that as used herein and in the appended claims, the singular
forms "a", "and", and "the" include plural referents unless the context clearly dictates

otherwise. All technical and scientific terms used herein have the same meaning.

(000 132} The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to antedate such publication by virtue ot
prior invention. Further, the dates of publication provided may be different from the actual

publication dates which may need to be independently confirmed.

Examples

[000 133] The following examples are put forth so as to provide those of ordinary skill
in the art with a complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors regard as their
invention nor are they intended to represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure accuracy with respect to
numbers used (e.g. amounts, temperature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts are parts by weight, molecular
weight is weight average molecular weight, temperature is in degrees Centigrade, and

pressure is at or near atmospheric.
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[000-135] | Example 1. Veterinary applications of compositions comprising

acetaminophen-N-acetyleysteine

[000 136]  Veterinarians have tricd many preparations-to provide analgesia to multiple
animal species: Many of these species have greater sensitivity to the-toxic.effects of
acetaminophen than humans. For example; toxicity in dogs is documented at doses > 40
mg/kg as compared (o > 140:mg/kg in@hum_arisj. The most-extremc toXicity is in the cat
family, where felines have demonslraléd..-acctamino_phen toxicity-and deathat doses as little
as »-10-mg/kg. This toxicity limits the therapeutic application of acetaminophen in

antmals.

[000 137} According to the described invention, an animal in need of an antipyrelic or
analgesic is treated witha composifion comprising a unit dose of APAP and-a therapeutic
efficacy- increasing amount of NAC such:that acetaminophen and N-gcetyleystéine are
"p'rescnt in the-composition in‘a molar ratio of'acetaminophien to. N-ac etyl cysteine ranging
from-about 1:15 to about1:0.000977, wi t‘flout:in_cun?ingI'hez-r?is‘k;oFf.toxi"city»-fdue 10 oxidative:
stress or subject rclate‘ddccrcascgrin cysteine/glutathione levels. The composition has a -
greater therapeutic effectiveness than the therapeutic cffectiveness of acetaminophen-alone

when acetaminophen is-administered at ‘the. unit dose of acetaminophen.

1000 138] Example 2, Chronic usc.of an acetaminophen-NAC composition by an
adult patient to-control ostcoarthritis pain. |

[000 139) An-adult patient takes a standard dose. of 1 OOO“mgfacfcftami,n.ophén four times
a.day. for osteoarthritis pain. The patient réceives the same pain relief by taki ng 750'mg of
an acctaminophen-NAC four times a day, and the cfficacy of the dcetaminophen-NAC
formulation does not decrease during long term use of the acetaminophen-NAC

composition.

1000 140] Example 3. ‘Useof an acetaminophen-NAC ¢o mposition: to control

fever refractory to acctaminophen in a pediatric. patient.

000 141] A pediatric.patient receives a standard maximum daily dose of

acetaminophen to control a fever, but the acetaminophen is incffective. The patient
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receives the same standard maximum daily dosc of acetaminophen in the form of an

acctaminophen-N-acetylcysteine composition. The fever is controlled at that dose.

[000 142]  Whilethe invention has'been described and illustrated with reference to
certain preferred embodiments-thereof, thosc skilled in the:art will appreciate that various
changes, modifications and substitutions can be made theréin without departing. from the
spirit and scope of the invention. For example, cffective dosages-other than the preferred
dosages as set forth herein may be applicable as a consequencé of varidtions in the
responsivencss of the.mammal being treated. Likéwi s¢, the specific. pharmacological
responses observed may vary-according to and depending on the particular active
compound selected or. whether therc.are present pharmaceutical carricrs, as well as the type
of formulation an‘d-mode_o“f =adn‘iiﬁistr&ﬁQh:,,_emp!py(;d,’ and-such "e;\jpecteclf'varial‘-io_ns or
d i*fférehb’qjs?.in the results are ¢ontemplated in-accordance with the objects arid practices’of
- the present invention.

Yo% b Kok
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Claims

1. A composition for improving therapeutic efficacy of acetaminophen comprising,
the composition comprising an oral formulation of:

(a) a unit dose of acetaminophen and

(b) a therapeutic efficacy-enhancing amount of N-acetyl cysteine,

acetaminophen and N-acetylcysteine are present in the composition in a
molar ratio of acetaminophen to N-acetyl cysteine ranging trom about 1:15 to
about 1:0.000977, and oxidation of the reduced form of N-acetylcysteine in the
composition 1s minimized,

wherein the unit dose of acetaminophen is a dose that is less than a standard
maximum daily dose of acetaminophen, wherein the standard maximum daily dose
of acetaminophen is 200 mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200
mg/day, 1600 mg/day, 1625 mg/day, 2000 mg/day, 2400 mg/day, 3200 mg/day, or
4000 mg/day, and |

the composition has a therapeutic efficacy equivalent to the therapeutic
efficacy of acetaminophen administered alone at the standard maximum daily dose

of acetaminophen.

2. The composition according to claim 1, wherein the therapeutic efficacy of the

composition is maintained during long term use ol the composition.
3. The composition according to claim 1, wherein the oral formulation is a liquid
solution, a syrup, an elixir, a suspension, an emulsion, a tablet, a capsule, a sustained

release formulation, or a powder.

4. The composition according to claim 3, wherein the tablet is a compressed tablet.

5. The composition according to claim 3, wherein the tablet is a coated tablet.
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6. The composition according to claim 3, wherein the tablet is an eftervescent tablet.

7. A method for improving therapeutic efficacy of acetaminophen, the method
comprising the steps:
(a) providing a pharmaceutical composition comprising an oral
formulation of:
(1) a unit dose of acetaminophen and
(ii)  atherapeutic efficacy-enhancing amount of N-acetylcysteine,
such that acctaminophen and N-acetylcysteine are present in the composition
in a molar ratio of acetaminophen to N-acetyl cysteine ranging from about 1:15 to
about 1:0.000977, and oxidation of the reduced form of N-acetylcysteine in the
composition 1S minimized,

- wherein the unit dose of acetaminophen 1s a dose that 1s less than a standard
maximum daily dose of acetaminophen, wherein the standard maximum daily dose
of acetaminophen is 200 mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200
mg/day, 1600 mg/day, 1625 mg/day, 2000 mg/day, 2400 mg/day, 3200 mg/day, or
4000 mg/day, and

the composition has a therapeutic efficacy equivalent to the therapeutic
cfficacy of acetaminophen administered alone at the standard maximum daily dose

of acetaminophen.

8. The method according to claim 7, wherein the therapeutic efficacy of the

composition is maintained during long term use ot the composition.

9. The method according to claim 7, wherein the oral formulation 1s a hiquid
solution, a syrup, an elixir, a suspension, an emulsion, a tablet, a capsule, a sustained

release formulation, or a powder.
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10. The method according to claim 9, wherein the tablet is a compressed tablet.
11. The method according to claim 9, wherein the tablet is a coated tablet.

12. The method according to claim 9, wherein the tablet is an effervescent tablet.

13. Use of a composition comprising a unit dose of acetaminophen and a therapeutic

eff cacy-enhancing amount of N-acetylcysteine in the preparation of an oral
mcdicament for treating pain or fever in a subject,

such that acetaminophen and N-acetylcysteine are present in the composition
in a molar ratio of acetaminophen to N-acetyl cysteine ranging from about 1:15 to
about 1:0.000977, and oxidation of the reduced form of N-acetylcysteine in the
composition 1s minimized,

wherein the unit dose of acetaminophen is a dose that 1s less than a standard
maximum daily dose of acetaminophen, wherein the standard maximum daily dose
of acetaminophen is 200 mg/day, 400 mg/day, 600 mg/day, 800 mg/day, 1200
mg/day, 1600 mg/day, 1625 mg/day, 2000 mg/day, 2400 mg/day, 3200 mg/day, or
4000 mg/day, and

the composition has a therapeutic efficacy equivalent to the therapeutic

efficacy of acetaminophen administered alone at the standard maximum daily dose

of acetaminophen.

14. The use according to claim 13, wherein the therapeutic etficacy of the

composition is maintained during long term use of the composition.

15. The use according to claim 13, wherein the oral formulation 1s a liquid solution,
a syrup, an elixir, a suspension, an emulsion, a tablet, a capsule, a sustained release

formulation, or a powder.
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16. The use according to claim 15, wherein the tablet i1s a compressed tablet.

17. The use according to claim 15, wherein the tablet is a coated tablet.

18. The use according to claim 135, wherein the tablet 1s an effervescent tablet.
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