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Evolution of the Patent for Osmotic Drug Delivery
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ABSTRACT-Such osmotic drug delivery systems are based on osmosis, the diffusion of water transversely from a medium
with a low osmotic pressure to a medium with a high osmotic pressure for the controlled delivery of active agents. In this
review, U.S. Patents on osmotic drug delivery analyze 261 patents until December 2001. These devices form now a major
market of drug delivery products. Because of their advantage and innovate idea, it appears that the future of oral drug deliv-

ery market in Korea is promising.

Key words—Osmotic drug delivery, Osmosis, Patent
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Table I-Classification of osmotic drug delivery systems

Category No. of patents to December 2001
Rose-Nelson pump 11
Higuchi-Leeper-Theeuwes pump:

Higuchi-Leeper 31

Higuchi-Theeuwes 41
Elementary osmotic pump:

General Oros® 59

Device preparation 14

Multichamber pumps 74
Other systems 31
Total 261

*The numbers of U.S. Patent for osmotic tablets are 3,200 surveyed
using www2.wips.co.kr until December 2001. We selected the most
important 261 patents. (Key word: osmotic * and A61 * (International
Patent Classification Number) { "* ; operator))
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Figure 1-Principle of the three-chamber Rose-Nelson osmotic
pump first described in 1995.
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Table II-Rose-Nelson osmotic pump patents

Code number U.S. Patent number Assignee Comments
71-1* 3,604,417 Cyanamid First patent on an osmotic device
82-1 4,340,048 Alza Hypodermic injector
84-1 4,474,575 Alza Minor variations on rose-Nelson pump
85-1 4,552,651 Alza A self-driven pump
86-1 4,619,652 Alza Low-profile unitary Rose-Nelson pump
88-1 4,753,651 Alza Self-driven pump with possibility of pulses
89-1* 4,838,862 Pharmetrix A Rose-Nelson pump with an activation mechanism to start drug delivery
90-1 4,898,582 Pharmetrix Similar to 89-1 but with a flat configuration of the pump
92-1 5,135,498 Pharmetrix Means to reduce the lag time between activation and the start of infusate flow
92-2 5,169,390 Pharmetrix ~ Fluid transport means in a pump with activation mechanism
93-24 5,257987 Pharmetrix Two pouches, one containing drug, the other containing an osmotic agent

*Particularly important or informative patent.
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Figure 2—Design of the Pharmetrix pump with an activating dev1ce
from 92-2 (U.S. Patent 5,169,390).

o] 2% 7ol Y FTE F8k WESH "t ©]
o 22 Aok RS AR W7 ol 717 BAd
< U skl

Higuchi-Leeper Pump

Higuchi-Leeper HX= 1970t A2 =2 Alzarlol| A
Rose-Nelson BEZE Tzl B2 58] 3 A HAS] A
olt}. Figure 30] o]E°] st 7\de] 2% olct. Higuchi-
Leeper X o] 542 & AFavt glon, o] 4f4e +

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)



244

Rigid housing)

member

Semipermeable
membrane

ol - olE - 7R - B - AN

Dispensing head A, Aol o 4ERe wRy Bzo A7t AEHE A

with orifice

A

o|t}. Higuchi- Leeper HX= 733 =XHRS 71A|H,
HhEuke oy AE 2 BE FARARANZR XA B Q)

Active agent t}. o]F3 el Hx el vEAEe] g AAE
‘M""b: T3 A2z P4slo] 9ok Higuchi-Leeper BZE %
separator 370e] E37 2o H, o]SS Table IO 29F= 0]
MgSO, gt} o5 Esje wle 2oz UE 4 )t A a5

1973-19779 SE4 7, T WA 8L 199120019 5=
Porous membrane H Aoz pRFCH gIRE o] $8-2 A eEEy 5L

[
of magnesiumsulpnate o A A §ERolIgl, o Bl W2 Foje] of
containing excess solid L o] AEA o5k &) d3 ]'Et]lE- 7o)t FEo] o]
o e SFAE 71 3 oI70] H olvs 59 2 9l 2
g’l;gg(;"goi;nguchl—Leeper pump design from 73-2 (U.S. Patent = 2ol AGH o Sofo] HE }__ 0I5}, Table M)
—‘E—oi 73-1, 732 223 73-3 xﬂ hel 87k Al &
W37 o ZRE 2L £49 7102 o]Eo| Higuchi-Leeper HX TJxIQl] 7]E

HBY 5 gl %

2§l A5 s Aol
£ oS YW F A B 7 mE

°] €
2o B9k 22 E3)3} 3 Zlolth 76-15 7629} P TR EIEL

0] Ak, o] AT AT FelTW  fRAIIN] o] ZAUBRY 7719 Qo] BEREY 5

Table HI-Higuchi-Leeper osmotic pump patents

Code number  U.S. Patent number Comments
73-1* 3,732,865 Use of closely fitting half shells to form the pump chambers
73-2 3,760,804 Covers the use of MgSOj as a particularly useful salt chamber solute
73-3 3,760,805 A pump in which the salt and drug chambers are formed from two flexible bags
76-1 3,929,132 The drug is formulated as a semisolid gel
76-2 3,995,632 The drug is formulated in a carrier solid at room temperature and fluid at body temperature
77-1 4,034,756 A flexible bag is used as the impermeable elastic diaphragm between the salt and drug chambers
82-2 4,350,271 The device contains an hydrophilic swellable polymer
84-2 4,455,145 A variation of 77-1
91-1 5,017,381 Plurality of movable active agent units
91-2 5,023,088 Similar to 91-1
91-3 5,030,216 Rigid housing is a syringe
91-4 5,034,229 Dispenser with an expandable member
91-5 5,037,420 Similar to 91-4
91-6 5,057,318 Similar to 91-4
91-7 5,059,423 Similar to 91-4
92-3 5,110,596 Similar to 91-4
92-4% 5,110,597 Telescopic housing with expandable driving members
92-5 5,135,523 Similar to 91-4
92-6 5,137,727 Similar to 91-4
92-7 5,174,999 Similar to 91-4
93-1 5,209,746 Describes how pulsatile delivery is achieved by a series of stops that regulate movement of a
piston driving the drug chamber fluid
93-2 5,221,278 Describes pulsatile delivery in response to a pressure differential
93-3 5,223,265 Telescopic housing with expansion chamber
98-2 5,795,591 Similar to 91-4
98-3 5,798,119 The emanator pad.
99-1 5,861,166 Similar to 91-4
99-7 5,904,934 A ruminal drug delivery device
99-8 5,922,353 Similar to 91-4
99-13 5,980,509 Similar to 91-4
99-14 5,997,527 Similar to 91-4
99-15 5,997,902 Similar to 99-7

*Particularly important or informative
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Table IV-Higuchi-Theeuwes osmotic pump patents

Code number

U.S. Patent number

Comments

The most important Higuchi-Theeuwes pump patent, covering the overall structure and operation

A hydrophilic swellable polymer is used to compress the drug chamber
Describes a pump in which water entering the salt chamber generates a gas (CO,) to expel the drug
The salt chamber is replaced by a hydrophilic swellable polymer

Uses a semipermeable membrane consisting of an impregnated microporous membrarne
The semipermeable membrane consists of a microporous film impregnated with a hydrophilic
Covers the delivery of ivermectin to the rumen of cattle/sheep

Dispenser with a compartment containing a heat responsive composition

A heat-sensitive material is used as a matrix for the active ingredient

Similar to 86-2, with a lamina for lessening the incidence of mixing the heat sensitive agent with

Higuchi-Theeuwes pump with integral sleeves to adjust delivery

Water swellable composition to exposure wicking layers and membrane to exterior

Device with low initial density to float and then high density to sink
Heat responsive composition with compound to enhance viscosity

73-4 3,760,984 Describes a pump with separate loading and delivery ports
76-3 3,987,790 Uses a long delivery tube to minimize diffusion effects
76-4* 3,995,631
of the device
80-1 4,203,440
80-2 4,203,441
81-1 4,286,067
81-2* 4,300,558 Describes the Alzet® Higuchi-Theeuwes pump
81-3 4,304,232 The salt is replaced by a swellable polymer
82-3 4,320,758 Covers the method of making the Alzet® commercial system
82-4 4,340,054
83-1 4,367,741 A swellable polymer replaces the osmotic salt
84-3 4,450,198
polymer
86-2* 4,595,583
87-1 4,663,148
87-2 4,663,149 Similar to 87-1
87-3 4,678,467 Similar to 87-1
87-4 4,684,524
87-5 4,692,326 Similar to 87-1
87-6 4,692,336 C.LP. of 86-2
87-7 4,704,118 Expandable composition comprising a dense member
88-2 4,716,031 Similar to 87-1
88-3 4,717,566 C.IP. of 86-2
88-4 4,717,718 Very similar to 86-2
88-5 4,729,793 Similar to 86-2. It specifies the wall composition
88-6 4,772,474
the hydrogel
89-2 4,814,180 Similar to 87-1
89-3 4,855,141 Device for delivering porcine somatotropine
89-4 4,865,598 Hydrogel for adsorbing water and density means
89-5 4,865,845
89-6 4,872,873 Mesh screen on the orifice
90-2 4,927,633 Similar to 86-2. Formulation comprising selenium
90-3 4,929,233 Improved closure by snap-on closure
90-4 4,963,141 Means for adsorbing water and density means
90-5* 4,976,966
91-8 5,000,957 Similar to 86-2
92-8 5,122,128 Grid-like structure on the exit
93-4 5,198,229
93-5 5,213,809
93-6 5,215,753 Similar to 93-5
93-7 5,223,266 Prehydration of the device to reduce lag time
93-8 5,229,133 Similar to 93-5

*Particularly important or informative
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Figure 6-The features of Alza's Oros® system as illustrated in their
first key patent 74-1 (U.S. Patent 3,845,770).
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Code number U.S. Patent number

Comments

74-1* 3,845,770
75-1 3,916,899
86-3 4,576,604
86-4* 4,578,075
87-9 4,673,405
87-10 4,681,583
87-14 4,705,515
88-13 4,773,907

First general patent describing the Oros® system

Continuation of 74-1. Calculation of the optimum diameter of the passway.
Active ingredient in the external wall

Tiny osmotic tablets in a capsule

Active ingredient in the external wall

Plurality of tiny osmotic tablets in a capsule

Similar to 86-4

Similar to 87-10

*Particularly important or informative patent.
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Table VI-EOP patents for the use of various membrane

7] - B - A

Code number U.S. Patent number Comments

Use of composite membranes in the Oros®

Use of bioerodibile outer coating to delay drug release

Composite membranes made from plasticized cellulosic material
Mixed cellulose ester, cellulose ether membranes

Use of bioerodible outer coating

Use of bioerodible outer coating

Cellulosic composite membrane formulations

Ocular osmotic device incorporating bioerodible coating

Another patent with a bioerodible coating

Composite membranes. Contains useful permeability data
Composite membranes in which part of the membrane is microporous
Composite membranes. Limited to particular drugs

pH-sensitive membrane for delivery to stomach and small intestine
Membrane of cellulose ether and a permeability enhancer
Semipermeable membrane blended with enteric coatings

Osmotic device that delivers to stomach and small intestine and then collapses
Oros® with enteric coatings

Two walls with different behavior to pH changes
Aqueous coating of on Oros®

77-2% 4,008,719

77-3 4,014,334 Similar to 77-2
77-5 4,036,227

777 4,058,122

78-1 4,077,407

78-2 4,093,708

78-3 4,096,238

78-4 4,116,241

79-1 4,135,514

79-2 4,142,526

79-3* 4,160,020

79-4 4,160,452

81-4 4,256,108

85-2 4,503,030

85-3 4,519,801

85-4 4,522,625

86-5 4,587,117 Continuation of 85-2
86-7 4,615,698

86-8 4,627,851 Delivery to the colon
87-13 4,693,895

88-9 4,743,248

91-11 5,019,397

2001-2 6,210,712

A drug surrounded by a first coat and second coat

*Particularly important or informative patent
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Table VII-EOP patents for modification of the drug compartment

Code number U.S. Patent number Comments
76-5 3,977,404 Microporous matrix to hold the drug in the reservoir
77-4 4,034,758 Similar to 76-5
77-6* 4,036,228 Effervescent mixture to speed drug release
81-6 4,278,087 Polymer matrix tablet core
82-5* 4,326,525 Buffer compounds to moderate drug solubility
82-6 4,344,929 Carbonate to prevent precipitates from blocking exit hole
86-6 4,609,374 Core containing an inert carrier for the drug
87-12 4,693,886 Drug on hydrophobic material; for small doses of drug
88-12 4,755,180 Means for controlling the solubility of the drug
91-10 4,992,278 Poorly water soluble drugs and a swelling agent
95-2 5,458,887 A water swellable component

*Particularly important or informative patent.
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Table VIII-EOP patents related to specific drugs
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Code number U.S. Patent number Comments
81-5 4,265,874 Covers Oros® of indometacin
81-7 4,305,927 Acetazolamide Oros formulations
84-4 4,439,195 Theophylline Oros formulations
84-5 4,484,921 Theophylline Oros® formulations
87-8 4,662,880 Delivery of pseudoephedrine and bromopheniramine
88-8 4,732,915 Haloperidol and maleic acid to mcrease solubility
88-11* 4,751,071 Covers Oros® of salbutamol (Volmax )
89-8 4,851,229 Salbutamol, constant rate modulated by pulsed delivery
89-7 4,842,867 Immediate and delayed doses of doxylamine
89-9 4,857,330 Chlorpheniramine Oros® formulations
91-9 4,986,987 Division of 89-7-Dimenhydrinate
92-9 5,147,654 Buccal nicotine osmotic device
93-9 5,200,194 Buccal nicotine and other drugs

*Particularly important or informative patent.
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Table IX—EOP patents for device preparation
Code number U.S. Patent number Comments

75-1* 3,916,899 Use of laser drilling to produce a passageway in osmotic tablets

78-5* 4,088,864 Laser drill

81-8 4,271,113 Indentation not covered during the coating process

90-6 4,392,739 Water-soluble coating layer between core and semipermeable membrane

90-7* 4,931,285 Subcoat and overcoat annealed to form a single layer

91-12 5,006,346 Similar to 90-7

91-13 5,019,397 Cured aqueous emulsion

91-14 5,024,842 Similar to 90-7

91-15 5,071,607 Apparatus with slidable punches for forming hole in an osmotic device

92-10 5,160,743 Similar to 90-7

*Particularly important or informative patent.
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Table X—Patents covering devices with a second expandable osmotic chamber

251

Code number U.S. Patent number  Comments

78-6 4,111,201 Second expandable chamber. Drug in suspension

78-7* 4,111,202 Essentially a miniature Higuchi-Leeper pump

78-8 4,111,203 Similar to 78-6. Drug in solution

80-4 4,203,439 One of the two chambers contains a gas generating mixture

80-6 4,235,236 The tablet contains expandable champers

82-7 4,309,996 Osmotic chamber contains a swellable hydrophilic gel

82-8 4,320,759 Similar to 78-7. The hole is replaced by a microporous wall

82-9* 4,327,725 A swellable hydrogel pushes the drug out from the system

82-10 4,331,728 Two-chamber device using a gas generating mixture to expel the drug
86-9 4,608,048 Delivery to preselected regions of the gastrointestinal tract

86-11 4,624,847 Drug-coated swellable insert without movable film or complex layers arrangement
86-12 4,627,971 Drug in contact with an osmopolymer

88-15 4,743 247 Osmotic device that can be filled with the drug afier manufacturing
88-17 4,781,714 Thermoresponsive composition

89-11 4,814,181 Core comprises a rapid-release layer and a slow-release layer

90-11 4,915,953 Similar to 89-11

90-12 4,915,954 Similar to 89-11

90-17 4,960,416 Three-layer compartment: drug, hydrophobic composition, hydrophilic composition
91-16 5,019,396 Composition with two different polyethylene oxide osmopolymers
91-17 5,021,053 Osmotic delivery to the oral cavity

91-22 5,053,032 Similar to 91-17

91-23 5,057,321 Expandable hydrophilic maltodextrin

92-11 5,082,668 Dual osmotic activity

92-14 5,128,145 Similar to 91-23

92-15 5,156,850 Provides time varying patterns of drug delivery. Contains a description of osmopolymers
93-13 5,200,195 Delivery to the oral cavity

93-14 5,200,196 Pulsed delivery

93-16 5,208,037 Carboxymethylcellulose of two different molecular weights

93-18 5,232,705 Similar to 92-15

93-23 5,254,349 Method to reduce irritation

98-4 5,800,422 A fluid - imbibing drug delivery device

98-5 5,817,335 Reversibly sliding telescoping arrangement

98-6 5,842,476 Similar to 91-15

99-2 5,869,096 Similar to 91-17

99-3 5,869,097 An osmotic caplet

99-6 5,902,605 Similar to 98-4

99-10 5,938,654 Similar to 98-4. Delayed delivery of agent

2000-2 6,132,420 The liquid or gel additive is an incompressible lubricating fluid
2001-1 6,183,466 An injection-molded comportment housing a capsule

*Particularly important or informative patent.
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Table XI-Multichamber osmotic device patents for specific drugs
Code number U.S. Patent number Comments
86-10* 4,612,008 Diclofenac sodium
88-16* 4,765,989 Nifedipine and o blockers
88-18 4,783,337 Calcium antagonists, ACE inhibitors
89-10* 4,810,502 Pseudoephedrine and bromopheniramine with rapid pulsed dose
89-12% 4,812,263 Delivery of isradipine
89-13 4,837,111 Delivery of doxazosin
89-14 4,859,470 Delivery of diltiazem
90-9* 4,904,474 Delivery to the colon of beclometasone
90-10 4,915,952 Similar to 89-10
90-14 4,948,593 Delivery of contraceptive steroids
90-15 4,950,486 Delivery of isradipine
90-18 4,966,769 Similar to 89-14
91-18 5,023,076 Similar to 89-10
91-19* 5,024,843 Delivery of glipizide
91-20 5,028,434 Delivery of nilvadipine
91-21 5,030,456 Delivery of isradipine. C.L.P. of 90-15
92-12 5,091,190 Similar to 91-19
92-13* 5,098,714 Delivery of contraceptives with external coat for quick release
92-16* 5,160,744 Delivery of verapamil
93-10 5,185,158 Buccal delivery of tandospirone
93-11 5,190,763 Delivery of antiparkinson drugs
93-12 5,192,550 Delivery of antiparkinson, antiepileptic drug
93-15 5,200,197 Similar to 92-13
93-17 5,221,536 Similar to 93-11
93-19 5,246,710 Similar to 93-10
93-20 5,246,711 Similar to 93-19
93-21 5,248,310 Delivery of beclomethasone to the oral cavity
93-22 5,252,338 C.IP. 0f 92-16. Subcoat to delay release
96-1 5,512,299 Similar to 90-9
98-6 5,842,476 Delivery of estrogenic steroid
99-2 5,869,096 Delivery of nystatin
99-11 5,906,832 Delivery of antiepilepsies
99-12 5,955,103 Similar to 99-11
2000-1 6,036,973 Delivery of tacrine
2000-3 6,099,862 Delivery of antihyperglycemic drug
*Particularly important or informative patent.
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Figure 10-Examples of osmotic pumps with a drug-dilution chamber (U.S. Patent 4,210,139).
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Table XII-Patents related to device with drug dilution chambers

Code number U.S. Patent number

Comments

80-3* 4,200,098
80-5 4,210,139
81-9 4,285,987
81-10 4,298,003

Osmotic tablet that includes a distribution system to reduce irritation
Two-chamber device designed to dilute the drug solution

Covers the method of making 80-3

Method to dilute the drug solution exiting the orifice

*Particularly important or informative patent.

Table XIII-Patents related to devices with a non-expanding second chamber

Code number U.S. Patent number Comments
84-6* 4,439,196 Rigid osmotic agent chamber. Issued to Merck
84-7 4,449,983 Two chambers containing different drugs
84-8 4,455,143 Different drugs in two rigid chambers
84-9 4,475.916 Similar to 84-6. Issued to Merck

*Particularly important or informative patent.

(a) 847 (U. S. Patent 4,449,983)
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(b) 84-6 (U. S. Patent 4,439,196)
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Osmotic membrane
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containing
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Drug
containing
chamber
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Figure 11-Example of multichamber osmotic devices with cham-
bers separated by rigid non-expanding walls from 84-6 (U.S. Patent
4,439,196).
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Table XIV-Other oral tablet osmotic pump systems

esiErd

BB 255

Code number U.S. Patent number Comments

Water swells the tablet leading to membrane rupture

Water forms microdefects with coating leading to osmotic drug release
Drug released by an osmotic swelling mechanism

Drug released by osmosis. Limited to nitroglycerin

Semipermeable membrane with leachable pore forming particles. Issued to Burrough
Pellet with osmotic membrane and pore forming material. Issued to Burrough

pH-insensitive pore-forming additive. Issued to Merck
Core coated with membrane containing particles which dissolve and form pores.

Coating of cellulose latex with pore forming agent. Issued to Merck

The pores retain the hydrogel within the compartment

76-6* 3,952,741
77-8 4,016,380
79-5 4,177,256
81-11 4,428,925
81-12 4,428,926 Identical to 81-11. Limited to propranolol
84-10 4,432,965 Identical to 81-11. Limited to quinidine
87-16 4,687,660
88-19 4,769,027
89-16* 4,851,228 Multiparticulate osmotic pump. Issued to Merck
89-17 4,880,631 Multiparticulate osmotic pump. Issued to Merck
89-18 4,886,668 Similar to 89-17. Issued to Merck
90-19 4,968,507
90-20 4,975,284
Issued to Russel Uclaf
92-17 5,126,146
96-2 5,543,154 Gelatinous microscopic particles
96-3 5,582,838 Microscopic gelatinous beads
97-1* 5,697,922 An asymmetric membrane
98-1 5,792,471 A plurality of pores
99-4 5,876,741
99-5 5,882,682 Identical to 96-2. Limited to simvastatin
99-9 5,935,593 Similar to 99-4
99-16 6,004,582 Multi-layered osmotic device
2000-4 6,110,498

Nonswelling solubilizing and wicking agents

*Particularly important or informative patent.

Table XV—Parenteral in-line system patents

Code number U.S. Patent number Comments

84-11* 4,474,574
85-5 4,493,702
85-6 4,515,585
85-7 4,533,348
89-15 4,832,690
91-24 4,985,017
91-25 5,030,203
93-25 5,250,028

Describes the IVOS® cartridge

Parenteral delivery with chamber having an osmotic drug dispenser in secondary line
Delivery of two agents simultaneously at independent rates and for independent time
Piston dispenser with solid drug

A needle-pierceable cartridge for i.v. drug delivery

Cell that includes a tablet formulated in a matrix

Ampoule with flexible walls for delivery of anticoagulant to blood

Drug permeates through a 'drug delivery window' into i.v. system

*Particularly important or informative patent.

Uncoated solubility Drug andexcipients

modifier

Rate controlling

membrane Asymmetric membrane

Solubility modifier

Figure 12-Design of asymmetric membrane capsules containing
encapsulated excipients for the resulting pH of the solution from 97-
1 (US. Patent 5,697,922).

A R AZUE QWAL ABAE ALYl GoA
2tk olg) HEHLR ofE WET @ile] AeeNg

slod Aol oFE wiRE AHdsh =W, Fagh S8%
ez ofEilEET 2P o ofRo] AFAREE A
7} REEERS B3le] E4E o] oFEAGAY oHeS 83l
7t} o] oo} W) oz EEE FEAFAE T

A3 =T WEHET. oFFo] FEADNM WEHI

wet, 3F- Avel 1 F0e AUAA de. iAo
W Tk HlEESIR) 46557668 AT o188 AT
T F3 gIek A ARgl glof

A okzo] WgHRe u%—‘%i—‘%ﬂ BE AER §

Mgl oFEg feow tﬂ%o} S Ei a}
of Wold oM opzo] mAet A HEIM Hof A=
oFEo] FaA Hefioh

J. Kor. Phavm. Sci., Vol. 32, No. 4(2002)



256 ol - olFd - AE] -

p

RoseNelson Pump
(Figure 1)

HiguchilLeeperPump
(Figure 3)

Theeuwes
Elementary
Osmotic
Pump
(Figure 7)

—
Scale: 1em

Figure 13—The main types of osmotic pump system drawn to scale.
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