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DOSAGE FORM AND METHOD FOR 
ADMINISTERING DRUG 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t under 35 USC § 119(e) 
of the following U.S. Provisional applications: Ser. No. 
60/028726, ?led Sep. 30, 1996; Ser. No. 60030514, ?led 
Nov. 12, 1996; and Ser. No. 60/044121, ?led Apr. 22, 1997. 

FIELD OF THE INVENTION 

This invention pertains to both a novel dosage form and 
to a novel method for administering a drug for producing a 
therapeutic effect. The invention concerns more speci?cally 
a dosage form that administers at a sustained and continu 
ously ascending rate a drug to produce a given therapy, and 
more speci?cally a method for producing a therapeutic effect 
by administering over a predetermined period at a sustained 
and continuously ascending rate a drug to produce a given 
therapy. The invention relates also to a dosage form and to 
a method for achieving a therapeutic effect by administering 
an initial dose of drug folloWed by a sustained and increas 
ing dose of drug over an eXtended time. 

BACKGROUND OF THE INVENTION 

For a long time, pharmacy and medicine in every society 
used drugs that produce effects on pain, mood, thought, 
feeling, behavior, and psychological personality. These 
drugs are represented by opioids, barbiturates, hypnotics, 
central nervous system stimulants, central nervous system 
depressants, psychostimulants, alcohols, cannabinoids, and 
catecholamines. In present medicine, one class of these 
drugs has become the standard invention for the manage 
ment of Attention-De?cit Disorder, that is, the central ner 
vous system stimulants. While this invention presents cen 
tral nervous system drugs in greater detail, it is understood 
the invention is generic and embraces drugs broadly admin 
istered using the dosage forms and the method of the 
invention. 

The bene?ts perceived by parents, teachers, physicians, 
psychologists, social Workers, and clinicians are dramatic 
for central nervous system drugs, and this has resulted in the 
Widespread and acceptable use of central nervous system 
medication to treat Attention-De?cit Disorder. In 1994, the 
latest period for collecting data, it Was observed that about 
tWo percent of the school-aged female population and about 
siX percent of the school-aged male population, for a total of 
about tWo million patients, Were administered the medica 
tion for Attention-De?cit Disorder. 

Prior to the advent of this invention, the dosage form and 
the method for administering a drug, for eXample, a central 
nervous system acting drug, consisted in using a standard 
pharmaceutical dosage form. For eXample, one prior art 
dosage form and method for administering a drug, such as 
the central nervous system drug methylphenidate, consists in 
using an immediate release tablet containing the drug. This 
immediate release form delivers the drug by instant dumping 
of the drug and this produces uneven blood levels charac 
teriZed by peaks and valleys. For an immediate release form 
containing methylphenidate Which is characteriZed by a 
rapid onset and a short half-life to produce the intended 
therapy, multiple doses are needed each day that can result 
in sWings in behavior and in attention as the medication 
loses its therapeutic effect. This dosage form does not 
provide the needed therapy over an eXtended time. 
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2 
Another prior art dosage form for dispensing a drug is the 

sustained-release dosage form. A drug dispensed from a 
prior art sustained-release dosage form may ascend initially 
but not over the entire dosing interval, and it actually may 
decline over time. That is, these sustained-release dosage 
forms dispense a drug in a nonascending pro?le over time, 
as they do not provide a continuously increasing release rate 
per hour throughout the eXtended dosing period. This dosage 
form, additionally, may not provide the required duration of 
therapy and the appropriate blood pattern. For drugs that act 
on the central nervous system, like methylphenidate, dis 
pensed from a sustained-release nonascending dosage form, 
the patient often develops an acute tolerance to the drug 
manifested by a shortened duration and a decrease in the 
intensity of the therapeutic effect needed for acceptable 
therapy. The prior sustained-release delivery is also devoid 
of means that compensate for its shortcomings inherent 
therein. 
The above presentation teaches that a critical need eXists 

for a novel dosage form and for a novel method for admin 
istering a drug that overcomes the shortcomings knoWn to 
the prior art. This long-felt need eXists for a dosage form and 
for a method for (1) administering the drug at a sustained 
increasing rate that simultaneously reduces or eliminates the 
frequency of daily dosing; for (2) a dosage form and a 
method for administering the drug in a sustained 
compensating dose to substantially compensate for acute 
tolerance to the drug thereby maintaining a preselected 
clinical response; for (3) a dosage form that administers the 
drug in a sustained-ascending pro?le clinically indicated for 
the management of Attention-De?cit Disorders; and, for (4) 
a dosage form and a method for administering the drug 
initially and in a sustained-ascending pro?le throughout the 
entire school day. 

OBJECTS OF THE INVENTION 

Accordingly, in vieW of the above presentation, it is an 
immediate object of this invention to make available a 
dosage form that overcomes the shortcomings knoWn in the 
prior art. 

Another object of the invention is to provide a novel and 
unique dosage form that delivers a drug in a controlled 
increasing dose to a patient over time. 

Another object of the invention is to provide a dosage 
form that administers a dose of drug to maintain the thera 
peutic effect of the drug in a patient that acquires tolerance 
to the drug by delivering the drug in a controlled-increasing 
dose over time to maintain the therapeutic effect, While 
concomitantly substantially avoiding the development of 
acute tolerance. 

Another object of the invention is to make available a 
dosage form that delivers a dose of drug that essentially 
avoids or lessens the development of acquired tolerance in 
a patient administered a drug that leads to acute tolerance by 
the dosage form administering the drug in a sustained and 
increasing dose over time. 

Another object of the invention is to provide a dosage 
form for administering a central nervous system drug that 
overcomes the shortcomings knoWn to the prior art. 

Another object of the invention is to provide an improve 
ment in a dosage form, Wherein the improvement comprises 
the dosage form administering the drug in a sustained and 
constantly ascending pro?le over time for treating Attention 
De?cit Disorder. 

Another object of the invention is to provide a pharma 
cological composition as a solid dosage form comprising 1 
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mg to 500 mg of drug in admixture With a pharmaceutically 
acceptable carrier that is released in a sustained release and 
increasing dose for use in the treatment of psychological 
personalities. 

Another object of the invention is to provide a dosage 
form for increasing the administration of a central nervous 
system acting drug per hour throughout a school day of 4 to 
81/2 hours. 

Another object of the invention is to provide a dosage 
form for administering a drug possessing central nervous 
system therapy in a sustained-increasing rate and at a 
minimum dose per day. 

Another object of the invention is to provide a dosage 
form for administering a central nervous system acting drug 
in a drug delivery pattern that compensates for acquired 
tolerance associated With the drug. 

Another object of the invention is to provide a dosage 
form that administers a drug for treating Attention-De?cit 
Disorder that comprises administering orally to a human 
diagnosed as having the disorder the drug in a sustained and 
increasing dose of 100 ng to 375 mg over 16 hours for 
treating the disorder in a human. 

Another object of this invention is to provide a novel and 
unique method for maintaining the therapeutic effect of a 
drug in a patient that acquires tolerance to the drug, Wherein 
the method comprises administering a dosage form to the 
patient that delivers the drug in a controlled increasing dose 
over an extended time to maintain the therapeutic effect, 
While concomitantly substantially avoiding the development 
of acute tolerance in the patient. 

Another object of the invention is to make available a 
method for essentially avoiding or lessening the develop 
ment of the acquired tolerance in a patient administered a 
drug that develops acute tolerance in the patient, Wherein the 
method comprises administering the drug in a sustained and 
increasing dose over time to produce the intended effect. 

Another object of the invention is to provide an improve 
ment in a method for administering a drug, Wherein the 
improvement comprises administering the drug in a sus 
tained and constantly ascending pro?le over an extended 
time for treating Attention-De?cit Disorder. 

Another object of the invention is to provide a method for 
administering a central nervous system acting drug in a 
continuously increasing release rate per hour throughout a 
school day of 4 to 81/2 hours. 

Another object of the invention is to provide a novel 
method to compensate for acute tolerance development 
associated With a drug possessing the ability to produce 
tolerance in a patient, by administering the drug orally in a 
sustained-ascending dose to substantially lessen the 
unWanted effects of acute tolerance. 

Another object of the invention is to provide an improve 
ment in a method for administering a drug possessing central 
nervous system stimulant therapy, Wherein the improvement 
comprises administering the drug in a sustained and ascend 
ing pattern over an extended time for treating Attention 
De?cit Disorders and additionally provides therapeutic com 
pensation for acquired tolerance associated With the drug. 
Another object of the invention is to provide a method for 
treating Attention-De?cit Disorder comprising administer 
ing orally to a human diagnosed as having the disorder at a 
sustained and increasing dose of 100 ng to 500 mg over 16 
hours a central nervous system drug for treating the disorder 
in a human patient and at a minimum number of doses per 
day. 
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4 
Another object of the invention is to administer a central 

nervous system acting drug by a method Wherein the drug 
ascends initially and continuously over the entire dosing 
interval for treating Attention-De?cit Disorder, ADD, and 
Attention-De?cit Hyperactivity Disorder, ADHD. 

These objects, as Well as other objects, features, and 
advantages of the invention Will become more apparent from 
the folloWing detailed disclosure of the invention and the 
accompanying claims. 

DRAWING FIGURES PROVIDED BY THE 
INVENTION 

In FIG. 1, the solid line depicts the plasma concentration 
for a central nervous system stimulant administered from an 
immediate release form, and the dotted line denotes the 
plasma concentration for a central nervous system stimulant 
released from a sustained nonascending form. 

In FIG. 2, an immediate release dosage form is depicted 
by the solid line comprising a peak and a valley depicted 
against a sustained release ascending dose shoWn by the 
dotted line. 

In FIGS. 3, 4, and 5, the release results are depicted for a 
central nervous system drug Wherein the clear circles denote 
a placebo, the dark circles denote an immediate release 
form, the dark squares denote a sustained-nonascending 
release pro?le, and clear squares denote a sustained ascend 
ing release rate pro?le. 

In FIG. 6, a sustained-ascending release plasma concen 
tration is depicted by the solid line and compared With an 
immediate-release plasma concentration depicted by the 
dash line comprising the peaks and valleys. 

In FIG. 7, the solid circles denote a placebo, the clear 
circles a sustained-ascending pro?le, and the solid squares a 
three-times-a-day program for the same central nervous 
system drug. 

FIG. 8 depicts a placebo given three times a day com 
prising dark circles, an immediate-release depicted by solid 
squares, and a sustained-ascending release essentially free of 
tolerance by clear circles for the same drug. 

FIGS. 9—11 depict the plasma methylphenidate concen 
tration obtained by administering the drug three times a day, 
in an ascending dose, and by a dosage form that controls the 
delivery pro?le. 

FIGS. 12—16 depict the plasma methylphenidate concen 
tration obtained by administering the drug from a dosage 
form comprising an external overcoat initial dose of drug 
folloWed by an internal ascending dose of drug over time. 

DETAILED DISCLOSURE OF SPECIFICATION 

In accordance With the practice of this invention, it has 
noW been found that a dosage form and a method can be 
provided that administers a drug in a novel program that 
substantially lessens or completely compensates for toler 
ance in a patient. Tolerance, as de?ned in Pharmacology in 
Medicine, by Brill, p. 227 (1965) McGraW-Hill, is charac 
teriZed as a decrease in effect folloWed by administering a 
drug. When tolerance develops folloWing a single dose or a 
feW doses over a very short time, it is referred to as acute 
tolerance. When the drug is administered over a more 
protracted period of time to shoW a demonstrable degree of 
tolerance, it is referred to as chronic tolerance. The medical 
literature, as exempli?ed in, The Pharmacological Bases of 
Therapeutics, by Goodman and Gilman, 8th Ed., p. 72 
(1990) Pergamon Press, reported tolerance may be acquired 
to the effects of many drugs and this literature classi?es 
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tolerance as acute or chronic based on When it is acquired. 
That is, acute tolerance develops during a dosing phase of 
one dose or on one day, and chronic tolerance is acquired 
due to chronic administration typically Weeks, months, and 
years. Tolerance as presented in medical literature most 
frequently denotes chronic tolerance as seen by administer 
ing larger doses over a long time, often necessitated by an 
increase in body dimensions, hepatic enZyme involved in 
biotransformation, and the like. 

The invention comprises dosage forms for providing an 
ascending dose of drug. Representative of a dosage form 
comprises a hydrogel matrix containing a plurality of tiny 
pills. The hydrogel matrix comprises a hydrophilic polymer 
selected from the group consisting of a polysaccharide, agar, 
agarose, natural gum, alkali alginate including sodium 
alginate, carrageenan, fucoidan, furcellaran, laminaran, 
hypnea, gum arabic, gum ghatti, gum karaya, gum 
tragacanth, locust bean gum, pectin, amylopectin, gelatin 
and a hydrophilic colloid. The hydrogel matrix comprises a 
plurality of 4 to 50 tiny pills, each tiny pill comprising an 
increasing dose population of from 100 ng ascending in dose 
such as 0.5 mg, 1 mg, 1.2 mg, 1.4 mg, 1.6 mg, 1.8 mg, etc. 
The tiny pills comprise a release rate controlling Wall of 0.0 
mm to 10 mm thickness to provide for the timed ascending 
release of drug. Representative of Wall-forming materials 
include a triglyceryl ester selected from the group consisting 
of glyceryl tristearate, glyceryl monostearate, glyceryl 
dipalmitate, glyceryl laureate, glyceryl didecenoate and 
glyceryl tridecenoate. Other Wall forming materials com 
prise polyvinyl acetate phthalate, methylcellulose phthalate, 
and microporous vinyl ole?ns. Procedures for manufactur 
ing tiny pills are disclosed in Us. Pat. Nos. 4,434,153; 
4,721,613; 4,853,229; 2,996,431; 3,139,383 and 4,752,470. 

The dosage form of the invention for delivering an 
ascending dose of drug comprises drug releasing beads. The 
drug releasing beads are characteriZed by a dissolution 
pro?le Wherein 0 to 20% of the beads undergo dissolution 
and release the drug in 0 to 2 hours, 20 to 40% undergo 
dissolution and release the drug in 2 to 4 hours, 40 to 60% 
exhibit dissolution and release in 4 to 6 hours, 60 to 80% in 
6 to 8 hours, and 80 to 100% in 8 to 10 hours. The drug 
releasing beads comprise a central composition or core 
comprising a drug and pharmaceutically acceptable compo 
sition forming ingredients including a lubricant, antioxidant, 
and buffer. The beads comprise increasing doses of drug, for 
example, 1 mg, 2 mg, 5 mg, and 10 mg, increasing to 40 mg. 
The beads are coated With a release rate controlling polymer 
that can be selected utiliZing the dissolution pro?le disclosed 
above. The manufacture of beads is disclosed in Inter J. of 
Pharm, by Liu, Vol. 112, pp. 105—116 (1994); Inter. J. of 
Pharm, by Liu and Yu, Vol. 112, pp. 117—124 (1994); 
Pharm. Sci, by Remington, 14th Ed. pp. 1626—1628 (1970); 
J. Pharm. Sci, by Fincher, Vol. 57, pp. 1825—1835 (1968); 
and US. Pat. No. 4,083,949. 
A dosage form provided by the invention comprises a 

concentration gradient of drug from I mg to 100 mg coated 
from the former loW dose to the latter high dose on a 
polymer substrate. The polymer can be erodible or a non 
erodible polymer. The coated substrate is rolled about itself 
from the latter high dose at the center of the dosage form, to 
the former loW dose at the exposed outer end of the 
substrate. The coated substrate is rolled from the high dose 
to the loW dose to provide for the release of from loW to high 
dose as the substrate unrolls or erodes. For example, 1 mg 
to 25 mg of methylphenidate is coated onto an erodible 
polymer such as an polypeptide, collagen, gelatin, or poly 
vinyl alcohol, and the substrate rolled concentrically from 
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6 
the high dose rolled over and inWard to adapt a center 
position, and then outWard toWards the loW dose to form an 
outer position. In operation, the dosage form erodes dis 
pensing an ascending dose of methylphenidate that is 
released over time. 

Another dosage form provided by the invention comprises 
a multiplicity of layers, Wherein each layer is characteriZed 
by an increasing dose of drug. The phrase “multiplicity of 
layers” denotes 2 to 6 layers in contacting lamination. The 
multiplicity of layers are positioned consecutively, that is, 
one layer after another in order, With a ?rst exposed layer, 
the sixth layer in contact With the ?fth layer and its exposed 
surface coated With a drug impermeable polymer. The sixth 
layer is coated With a drug impermeable polymer to insure 
release of drug from the ?rst layer to the sixth layer. The ?rst 
layer comprises 1 to 5 mg of drug and each successive layer 
comprises an additional 1 to 5 mg of drug. The biodegrad 
able polymers undergo chemical decomposition to form 
soluble monomers or soluble polymer units. The biodegra 
dation of polymers usually involves chemically or enZymati 
cally catalyZed hydrolysis. Representative of biodegradable 
polymers acceptable for an increase drug loading in each 
layer of from 5 to 50 Wt % over the ?rst and successive 
layers Wherein the ?rst layer comprises 100 ng. Represen 
tative biodegradable polymers comprise a member selected 
from the group consisting of biodegradable poly(amides), 
poly(amino acids), poly(esters), poly(lactic acid), poly 
(glycolic acid), poly(orthoesters), poly(anhydrides), biode 
gradable poly(dehydropyrans), and poly(dioxinones). The 
polymers are knoWn to the art in Controlled Release of 
Drugs, by Rosoff, Ch. 2, pp. 53—95 (1989); and in Us. Pat. 
Nos. 3,811,444; 3,962,414; 4,066,747; 4,070,347; 4,079, 
038; and 4,093,709. 
The invention further employs a dosage form comprising 

a polymer that releases a drug by diffusion, ?ux through 
pores, or by rupture of a polymer matrix. The drug delivery 
polymeric system comprises a concentration gradient, 
Wherein the gradient is an ascent in concentration from a 
beginning or initial concentration to a ?nal, or higher 
concentration of 100 ng to 250 mg. The dosage form 
comprises an exposed surface at the beginning dose and a 
distant nonexposed surface at the ?nal dose. The nonex 
posed surface is coated With a pharmaceutically acceptable 
material impermeable to the passage of drug. The dosage 
form structure provides for a ?ux increase delivery of drug 
ascending from the beginning to the ?nal delivered dose. 
The dosage form matrix can be made by procedures 

knoWn to the polymer art. In one manufacture, 3 to 5 or more 
casting compositions are independently prepared Wherein 
each casting composition comprises an increasing dose of 
drug With each composition overlayered from a loW to the 
high dose. This provides a series of layers that come together 
to provide a unit polymer matrix With a concentration 
gradient. In another manufacture, the higher does is cast ?rst 
folloWed by laminating With layers of decreasing dose to 
provide a polymer matrix With a drug concentration gradi 
ent. An example of providing a dosage form comprises 
blending a pharmaceutically acceptable carrier, like poly 
ethylene glycol, With a knoWn dose of drug, like a central 
nervous system stimulant, at an elevated temperature, like 
37° C., and adding it to a silastic medical grade elastomer 
With a cross-linking agent, like stannous octanoate, folloWed 
by casting in a mold. The step is repeated for each successive 
layer. The system is alloWed to set, for 1 hour, to provide the 
dosage form. Representative polymers for manufacturing 
the dosage form comprise a member selected from the group 
consisting of ole?n and vinyl polymers, condensation 










