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CONTROLLED RELEASE DRUG FORMULATiuN 

The present invention relates to a control led release 

drug formulation and method for obtaining a targeted 

and control led release of drugs which must carry out 

their pharmacological action in the intestine and in 

5 particular in the small intestine and/or colon. 

10 

USA patent 4,503,030 refers to 

release, consisting of a core 

covered·with a semipermeable and 

in which a hole is made to 

communication with the outside. 

tablets with osmotic 

containing the drug, 

pH-dependent membrane 

put the nucleus in 

In the. stomach, the 

tablet remains inta·ct and . the release. occurs through 

the hole made in the membrane, while in the intestine 

the membrane disintegrates completely. 

USA patent 4,432~966 describes the preparatiorr of 

15 tablets which disintegrate in the· colon. This is 

achl.eved by coating the.tablet core with two layers. 

20 

.. 

The first is made up of. a pH independent polymer and 

microcrystal line cellulose, th.e ·.:second of a pH 

dependen't polymer~ ·The presence. of microcrystalline 

cellulose together with the pH independent polymer, is 

essential to assure the. disgregati"on. of the ;tablet in 

·.the colon, since 'the microcrystal line c;:ellulose. is 

digeste~ by specific enzymes .. and the bacteria present 

in the colon. 

25 The present invention has various advantages with 

respec't to those cited above as it relates to multidose 

forms instead of monodose forms. 

It is known that multidose forms. spread in a .wide area 

of the gastro-intestinal tract avoiding: and reducing 

30 · problems of irritation of the mucosa due ·to· a high 
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concentration of the drug, and improving absorption of 

the same drug. 

Moreover .in the present invention while the pH dependent 

membrane dissolves when the coated particles reach the 

5 proper pH in the intestine, the pH independent.membrane 

remains intact in order to delay the dissolution of the 

drug, in a time which can vary from about 30 minutes to 

about 8 hours, and conseq.uently prolong its. action 

along the small intestine and/or the colon. 

10 According to the present invention there is provided a 

targeted drug release formulation for delivery of drugs 

to the small intestine and colon of a mammal consisting 

essentially of a plurality of multidose units each said 

unit having a particle size of less than about Smm and 

15 consisting essentially of a core of a drug C free of 

aminosalicylic acid functional groups and excluding 

anti-inf lam~atory and antiphlogistic drugs having . a 
local action in the intestine, corticosteroids for the 

local treatment of chronic i"ntestinal inflammation or 

20 irritation, and peppermint oil) surrounded by 

membranes; one membrane consisting essentially of 

dependent polymer which is substantially soluble 

pH greater than about 5. 0, and the second of 

membranes consistin·g · essentially of one or 

25 polymers· such that said · · second memb.:r;ane 

substantially insoluble 

gastriointestinal fluids. 

in 

Said 

but. ·permeable 

formulation may 

two 

a pH 

at a 

said 

more 

is 

to 

be 

than further characterised by the release of no more 

about 10% of drug in the stomach Cor at a pH lower than 

30 about 4. 5) with· a dissolution rate such that over a 

period of about 30 minutes to about 8 hours 

subst~ntially all of the remaining drug is released in 

the intestine and/or colon. Cor at a pH of 5 or more in 

simulate·a gastrointestinal· medium).· The release may be 

35 further characterised by the release of no more than 

.... . . . 
,. 

•, 
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. abou~~ l!~-... drug _af~er, 3.: ho\?-:r~. ia.nq n~ mo.rl\ t.han _ab~µt. ,7 5"4 ....... ,. . . . ..... 

drug after 6-hours in.~imulated gastric fluid~ . Anpther 
. . . .. ... ·) ·: . ... .. . . .. : . . .. ' .. · 

embodiment is 'YihE!re t.he dissolution is to occur in the 
. .. .. . . . . .. . . :"'.. . .· .·· 

small intestine it is preferred that subst~ntially .all 
. . . ~ . . . . . . . . 

~f the· release C90%) occurs between l.hour and Ii hours 

5 at p~ 6. 8, with no more than 10% rel eas~ occur j ng in 

the stomach. 

10 

15 

20 

25 

30 

Typical pH values are 1 to 3.5 for the stomach, 5 to 6 7 

for the duodenum, 6 to 7~ for the jejunum and pH. 7 to 8 far 

the ileum. 

The present invention is suj table not on_ly for drugs 

which act in the intestine, in particular in the colon, 

but also. for .. ~rugs whic~ are destr?yed by gastric 

juices or . _inact:-ivated by enzym~s such. as . for example 

pancreatic and. bacterial prote~:~es o~ ~h~ ileum.. Cited 

as an illustrative, but not limiting, examples of these 
. . . . . .. . 

·drugs are: penic~~lin· G, cal.citonin, . h~parin, 
.' . . - '· . 

fer~itin, sucralfate, mebeverine , ~yd7?ch+o:r-ide, 

acarbose ,: dimethicone and simethicone, immunogl<;>bulin, 
. ·.... .. .. 

,anthelmintics, ~nti-protozoa_,. local and general acti6n 
. . . . . ' . . . . . . . . ~ . . . 

inte~ti.nal ant~'.""~nfectants. ~nd _,_antifunga.l drugs. From 

the pre.sen~ inyent"ion . ~he· following are disclaimed: 

drug~ having ~mi~o~aiicyl~~ acid functional_ g~~ups, 

anti-inflammatory and antiphlogi.stic drugs h~v.ing a 
. .... . .· 

local action in the intestine, cor~icosteroids for 
··-:--· 

local treatment of chronic intestinal in;f lammation or 

irritation and peppermint oil. 

For some diseases of the intestine, and in p~rti~:ular 
. .. . 

of the colon, jt js important tha1;. the drugs are 
:· ~ ~ . . 

transported intact to the place in which they will 

carry out Lheir pharmacological action. 
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.. This<.t's ac·h.ieveci· by coatin9 them wi t~h >a membrane·-_.:wi th 

··~·p}f.!d~pend.ent. sofut>iii ty ,· .. and more par't"icula"ri"y with a. 
• • : ,. • "" .. • • ~ • • ;"ti •' • • •• . •.• 

membrane· ~hi ch ·rs· soluble· at a pH greater than 5; O, --, so 

"that "it remains intact in the stomach and first part of 

5 th.e intestine ·while it. dissolves when a pH of greater 

than s·. 0 is reached in the intestine, thus releasing 

the drug. But for various drugs it is also· 'important 

that the contact with the mucosa, or their absorption, 

occurs along all the co~on, a~d therefore it is 

10 necessary to delay the release so tha~· the effect· is 

prolonged in time and does not occur only in the 

initial tract, as happens when the drug is covered with 

the pH dependent membrane only. 
·,· 

It has now been discovered that by applying separately 

15 a membrane with pH dependent solubility and a membrane 

which is insoluble but permeable to gastrointestinal . . . 
fluids, ·"the dissolution of the drug can be delayed;· it 

is ·i~lea~ed sl6wly and can thus carry'ou~ its ~ction 

ai~ng.ihe small intesti~e or the ccilon, or both~~ In 

20 t·a:ct <'see .. Example ··1) if the drucj·"is·coated:···by a 

25 

.E·u.dr.ag1t · s- membrane, 

than 7 )" · there is 

Cwhich dissolves :at a pH"·higher 

a very low release in buffered 

6. 2 .: cf irst 3 hours'>, but when the pH 

a rapid dissolution : of' the' drug 
·solutions up to pH 

increases to 7.2 

occurs. 

Only by·· applying a ·se.cond membrane of' ethylcellulose, 

which is insoluble in the juices but permeable to same, 

on to.the Eudragit membrane, is one- able to delay the 

release of the drug and to prolong . the effect for 

3 0 ano'ther 3 hours . 

----
]liili1fffi7iir 
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The same result i.s obtained if the delaying. :.membrane 

Csee Example 2) is applied before the pH dependent 

membrane," · while if the two types of polymers 

constftuting the membrane (Example 3) are mixed, the 

delayed ef feet is not obtalned. · Instead there i.s a 

5 release·very similar to that obtained by applying only 

the pH dependent polymer. 

10 

M6reover~ the drug ·can be targeted to the small 

intestine or to the colon by making a ·suitable choice 

of the pH dependent polymer. For example if we use as 

pH dependent membrane Eudragit L30D, that is· soluble at 

pH higher than 5.5, it i.s dissolved Jn the duodenum, 

then the pH independent membrane delays the release of 

the drug along the :Jejunum or the jejunum plus Jleum or 

the small intestine plus colon depending from. the 

15 . permeability and the amount of pH independent membrane 

20 

25 

··applied ·on the core. On the contrary, if we use as pH 

· . dependent membrane· f;udragit S, ·that.is soluble at pH· 

higher than 7, 1 t · is dissolved only in the . ileum, 

therefore the pR independent membrane will prolong the 

release of the drug only along the colon. 

The original characteristic of the present invention 

consists therefore ·of the consecutive applic·ation, in 

,·.-;:any order, of a membrane soluble at: a given pH and an 

insoluble but permeable membrane. 

Thus a release of the drug targeted at a certain tract 

of the intestine and a prolonging of this release is 

obtained in such a way as to render it effective along 

the whole of the remainlng intestin~l tract. 

·'This.S.beetf.las B 

,· lllDD/llDf ft1i°d. 
/ 
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Description of the Process for Coating with the First 

Membrane 

·The present inv~ntion · is applied to multidose fc:>.rrns, 

that is drugs in the form of crystals, .granule~, 

pellets or tablets of very small dimensions, Calso 

called minitablets) which are coated as described 

later. These coated drugs are then formulated in 

capsules, monodose sachets, in rapidly disgregating 

tablets or in other pharmaceutica~ forms suitable for 

oral administration. 

The sizes of the single units of the mult.idose fo.rms, 

10 that is of ·the single crystals, granules, pell~ts or 

minitable~s, may vary from· 0.1 to 3.5 mm but must not 

exceed s·mm. 

In fact the smaller the single units are, the wider the 

distribution in the gastrointestinal tract, and 

15 fnrthermore, while the units . greater than . 5. ~m are 

retained in a full stom.ach, uni ts smaller than 5 mm 

.Pass through the stomach much more rapidly and .. i·~ a 

similar way t~ liquids. 

Thi~ phenomenon is described in the article by 

20 s.s. Davis ·The Design and Evaluation of the Controlled 

Release System~; for :the Gastrointestinal Tract N 

published in the ·Journal of Controlled Release#, 

2(1985)27-38. 

Since the drugs are often in fine powder form, these 

25 are qenerally granulated, using known dry or wet 

techniques .C compacting), to obtain the desired particle 

size. 

··~. 

.:·~;SheetHas Been:Rep1aced 

. ··•· 1t111m111111111111N111 · · 
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Example l 

800g of mebeverine hydrochloride granulated with 

hydroxypropylmethylcellul~se and with a particle size 

between 710 and 13001,1 was put in the UNI Glatt fluid 

bed container equipped with the Wurster insert. 

S This granulate was . coated with. a first membrane of 

Eudragit S, by spraying ·a suspension with the following 

composition with the atomiser: 468g of methylene 

chloride, 1S6g of isopropyl.alcohol, SS.6g of Eudragit 

S, 5.Sg of dibutyl phthalate and 28g of talc. 

1 O The coated granules were dried in . hot air C about SO 

degrees C) for 30 minutes and then the release was 

determined with the USP apparatus 2 (paddle>, utilising 

the following sequence of artificial. juices, 2 hour_s in 

0. lN HCl, l hour in pH 6. 2 buffer and the following 

15 hours in pH 7. 2 buffer. 

20 

The following results were obtained: 

Time (hours> 

Release <%> 

1-. 

8 

2 

14 

3 

16 

4 

70 

5 

9_7 

Then a second membrane of ethylcellulos_e was applied to 

700g of these Eudragit S coated granules by spraying 

the following solution 199g of methylene chloride, 44g 

of ethyl alcohol, 4.3g of ethylcellulose, 8.69 of 

hydroxypropylmethylcellulose and l; 59 of diacetylated 

monoglycerides and. finally drying with air at SO 

~egree~ c for about 30 minutes. The gr·anules coated 

with the two membr·ane·s were analysed again as described 

above and the following results were obtained: 

1iilfi[i~f 
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Time Chours) 

Release C°lo) 

1 

5 

-·10 -

2 ..... , ... - ,. 3 
. ---- ... ~ '. .• ' :-~.: 

10 11 

.Example 2 

4 

28 

5 

49 

6 

73 

8 

95 

700g of calcitonin granulated with lactose. and 

hydroxypropylmethylcellulose as binder with a particle 

size between 710 and 1300\1 was put in the UNI Glatt 

container equipped with Wurster insert. 

5 These granules were coated with a ·first membrane of 

ethylcellulose/hydroxypropylmethylcell·ulose, by 

spraying solution ~ith the following composition with 

the atomiser: 2009 of methylene chloride, 45g of ethyl 

alcohol, 6.4g of ethylcellulose, 6.4g of 

10 hydroxyprt>pylmethylcellulose, and 1. 4g of diacetylated 

monoglycerides. 

The coated granules were dried· with hot air C about. 50 

degrees c) for 30 minutes and then its release was 

determined with the USP· ·apparatus 2. (paddle), utilising 

·the following sequence of artificial juices: 2 hours in 

15 HCl O.lN, 1 hour in pH 6.2 buffer and the fol.lowing 

hours in pH 7. 2 buffer:. 

The following results were obtained::)·: 

Time Chours) 

Release C%) 

1 

27 

2 

51 

3 

69 

4 

83 

5 

99 

Then a second Eudragit s membrane. was applied to these 

coat~d granules, by ·spraying the. following suspens.ion: 

20 134 g of methylene chloride, 65g of·isopropyl· alcohol, 

239 of Eudragit S, 2.3g of diputyl phthalate and 11.Sg 

of talc and finally drying with air at 50 degrees C for 

about 30 minutes. 

··~ :i·. 

) 
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The" granules coated with the ·two ·membranes were 

analysed'. again as described above and the followin9 

resuits were obtained: 

Time Chours) 

Release (f) 

l 

2 

2 

3 

3 

7 

4 

26" 

Example 3 

5 

58 

6 

72 

8 

98 

800g of mebeverine hydrochloride granulated with 

hydroxypropylmethylcellulose with a particle size 

between 710 and 1300 um was put in the· UNI Glatt fluid 

bed container equipped with Wurster insert. 

These gr·anules were coated with ethylcellulose 

hydroxypropylmethylcellulose / · Eudragit S membrane., by 

10 ·spraying a suspension with the following · compos~tion 

with an atomiser: 8369 of .methylene chloride, 418g of 

isopropyl alcohol, 5.8g of ethylcellulose, ll.8g of 

hydroxypropylmethylcellulose, 58.7g of Eudragit s, 3.7g 

of dibutyl phthalate and 29~· ~f talc. 

15 The coated granules we~e dried with hot air (about. 45 

degrees· C) for 30 minutes and then the release ·was 

determined with the USP· apparatus 2 (paddle) using the 

following sequence of artificial juices: 2 hours in 0.1 

N .HCl, 1 hour in pH 6. 2· buffer and the following hours 

in pH 7.2 buffer. 

The following results were obtained: 

Time (hours) l 2 3 4 5 6 

Releases C~o) 4 7 10 58 90 100 

i1ii~i~r 
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Example 4 

Very small .tablets of- Ferr.~tin, a. protein :that:,.is 

destroyed by the g~st;ric juices'· were prepared. ·They 

had a diameter of 2.0 mm.and a thickness of 2.2 mm, and 

the following composition: 

Ferri tin 

Magnesium Siearate 

Silicon dioxide 

Microcrystalline cellulose 

Hydrogenated castor oil 

Sodium Crosscarmellose 

80.0% 

1.5% 

1. 0°4 
13. S"lo 

l. 0% 

3.0% 

5 2. 2 kg of these Ferri tin mini tablets were put in the 

Versaglatt container Cf luid bed co.ater) equipped with 

the Wurster insert ... 

They were coated first with a membrane . of 

ethylcellulose aqueous dispersion CAqu~co~t R/FMc) and 

10 hydroxypropyl methylcellulose, by spraying a suspension 

with the following composition: 

Aquacoat RC30% aqueous disper~ion 
Methocel E% (10% aqueous solution 

Dibutylsebacate 

Talc 

Cto~al solid content of the suspension:. 

W/W) 

w/w) 

14"/o 

24.30 g 

2?0:".00. g 

1.48 g 

.7. 26 g 

w/w) 

The coated mini tablets were dried ~--U hot air C about 

60°C) for 30 minutes and then the release was 

determined with the USP apparatus 2 (paddle) in pH 6.8 

15 buffer. The following results were obtained: 

Time Cminutes) 

Release (%) 

30 

27 

60 

76 

90 

100 

Then an aqueous acrylic_ resin dispersion {Eudragit 

L30D) was applied on these coated minitablets. 

·, 
.. / 
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It had the following composition: 

Eudragit L30D (30% aqueous dispersion w/w) :~73 g 

Talc 33 g 

Triethylcitrate 8 g 

Deionized water 286 9 
(total solid content: 20"/o w/w) 

.. ... 
The. double coated mini tablets were dried with air at 

50°C for about 30 minutes and analysed with the USP 

apparatus 2 Cpaddl.e) using the following sequence of 

5 artificial juices·: 60~ in 0.1 N HCl, .. 60'.· at pH .4.5 

buffer and then at pH 6.8 buffer. 

The following re·sults were obtained: 

TiJne Cminutes) 60 120 l~O, 180 210 

Release ("f..) .. 2 10. : 38 ... 85. 100. 

This example illustrates ·-a for.mulation ·:targ§?tting the 

small. intestine· where substantia·lly, al,~,. of the rele.ase 

10 occurs at pH 6. 8 over a· period of, .. l·=: to· li_ .hours,. 

. . . -· . ... ~ 

• .. I .o ' ···. ... '": ·. -. ., .. ~. -~ 

. ;. 

. . ~ .• 

:...·: .:. : ····· 
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·CLAIMS·.· .. 

\ \11\11\ \\\I\\ 111\l\\l\I \\ \II\ 
* C L M S * 

1. A targeted drug release formulation .for delivery 

of drugs to the small intestine and/or colon of a 

mammal consisting essentially of a plurality of 

multidose units each said unit having a particle size 

of less than about Smm and consisting essentially of .a 

core of a drug (free of aminosalicylic acid functional 

groups and excluding anti-inflammatory and 

antiphlogistic drugs having a local action in the 

intestine, corticosteroids for the local treatment of 

chronic intestinal inflammation or irritation, and 

peppermint oil) surrounded by two membranes, one 

membrane consisting essentially of a pH dependent 

polymer which is substantially soluble at"· ·a pH greater 

than about 5.0, and the second of said membranes 

consisting essentially '"cif one or .more polymers such::· 

that s~id second me~biane is substantially in~oluble in 

but permeable to gastrointestinal· fluids. -

-2. A targeted drug release formulation as claimed in 

Claim 1 wher~in said formulation is characterised by 

the reiease of no more than about 10% drug into the 

stomach with substantially all of the remainder of the 

drug being released in the small intestine and/or colon 

in a period from about t hour to about 8 hours. 

3. A targeted drug formulat.ion as claimed in Claim 1 

wherein said formulation is characterised by the 

re.lease of no more than about 10% of the drug at pH 

lower than 4.5 with substantially all of the remainder 

of the drug being released at a pH of 5.0 or greater in 

a period of from about i hour to about 8 hours in 

simulated gastrointestinal media. 

•. 
'---------. 'fh· --------. . is Sheet ll 

11111iiiliflr· 

) 
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4. The formulation of ·any one of Clalfus l to J·in 

which the membrane containing' the pH dependent polyme·r 

is interior to the other membrane. 

5. The formulation of any one of Claims 1 to 3 in 

which the membrane qontaining the pH dependent polymer 

is exterior to the other membrane. 

6. The formulation of any one of Claims 1 to S 

wherein the core of said multidose units comprises 

crystals, granules, pellets or minitablets. 

7. The formulation of any one of the preceding Claims 

wherein said pH dependent polymer is selected from 

anioni~ copolym~rs based on methacrylic acid and 

methacrylic acid methyl'or :ethyl ester, cellulose 

acetate phthalate ,· ·hydroxypropylmethylcellulose 

phthalate, polyvinyl acetate phthalate, shellac, 

hydroxypropylmethylcellulose acetate succinate, 

. carboxymethylcellulose, cellulose acetate trimellitate, 
copolymers ·of maleic -acid and· derivatives of phthalic 

acid. 

8. The formulation of any one of the preceding Claims 
where in said substantially insolul;:>;J;:e membrane is 
selected from copolymers formed from acrylic and 
methacrylic acid esters with a low content of 

quate~~ary ammonium groups, neutral .copolymers based on 

ethyl acrylate and methyl methacrylate and ha~ing an 

average molecular weight of 800,000, ethylcellulose, 

polyethyl~ne,· polysiloxanes and mixtures thereof. 
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9. The formulation of Claim 8 further comprising a pH 

independent water soluble polymer selected from 

hydroxypropylm~thylcelluiose, hydroxyp~opylcellulose, 

hydroxyethylcellulose, methylcellulose, 

polyvinylpyrrolidone and mixtures thereof. 

10. The formulation of any one of the preceding 

claims further comprising a plasticizer in at least one 

of the membranes. 

11. The formulation of claim 8 wherein 

saidsubstantially insoluble membrane is. selected from 

ethyl cellulose and mixtures of ethylcellulose with 

hydroxypropylmethylcellulose in a ratio of about 1:5 to 

about 5: 1. 

12. A pharmaceutical dosage form comprising the 

formulation of anyone of the preceding claims further 

formulated in capsules, sachet~, tablets or 

suspensions. · 

13. A·pharmace~tical. dosage form as claimed~~n any one 

of the preceding claim which· is characterised by the 

release of no more than about 11% after 3 hours and no 

more than about 75%. after 6 hours in simulated 

gastrointestinal juices. 

14. A pharmaceutical dosage form as claimed in any one 

of Claims 1 - 12 which is characterised by the release 

of substantially all of the remaining drug in a pe~iod 

of about 1 to lj hours at pH 6.8. 

15. A method for preparing ~,targ~ted drug release 

formulation as defined in anyone of the preceding 

Claims comprising the steps of 

1111\11\ \\\l\llll\l\\l\l \\\11\ 
* C L ~ S * 

.,.. .. 
""'· . .. i. 
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A) prepar.ing a. plurality of drug containing cores said 

cores having a particl~ size no ~reater than about 5 

mm, 

B) coating said cores. with two separate and distinctly 

characterised membrane layers wherein; 

l°) one said membrane layer consists 

essentially of a polymer which is soluble in 
~~~~~~~~~ 

I lf lllJJ llJlll lllll JllJI 111111 
C L " .s * 

gastrointestinal juices at a pH greater than 
;about 5.0, and 

2) wherein said second polymer layer 

consists ess~ntially of a polymer which is 

substantially 

insoluble in gastriointestinal juices but 

permeable thereto; 

C) if desired formulating said coated core into drug 

dose oral delivery forms selected from capsules, 

tablets, sachets and suspensions. 

16. Method for the targete~ and controlled release of 

drugs, said drug being as defined in Claim 1, in the 

intestine and particularly in the ileum .and the colon, 

characterised in that the multidose from of the drug a 
membrane soluble at a given pH and an insoluble 

membrane which is permaable to intestinal fluids are· 

applied consecutively, the order of application being 

unimportant. 

17. Method according to Claim 16, characterised in 

that the drug is initially coated with a polymeric 

membrane, soluble in natural fluids (gastrointestinal 
juices) or artificial fluids (buffer solutions) over a 

certain pH, which is then in turn coated with another 

polymeric membrane which is insoluble but permeable to 

the above mentioned fluids. 
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18.. Method according to Claim 17 i .characterised in 
that the drug is initially coated.with a polymeric. 
membrane, which is insoluble but permeable, whi°ch is 
then in turn coated with another polymeric membrane 
soluble above a certain pH in natural or artificial 
fluids. 

19. Method according to Claim 18, characterised in 
that the drugs in ·rnultidose form consists of drugs in 
the form of crystals, granules, pellets or rninitablets 
with a particle size comprised between 0.1 and 5.0 mm. 

i I /f I/Ill II/Ill llll/.lllm 11·1111 
.. . ., C, L I( ... s. ..'!' 
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