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(Fl1 —1) TEffects of phosphatidylcholine and
phosphatidylinositol on acetic-acid-induced colitis in the rat.
Abstract
The therapeutic effects of exogenous phosphatidylcholine and
phosphatidylinositol on acetic acid-induced colitis in rats were
evaluated. A uniform colitis developed 4 days after instillation of
4% acetic acid for 15 s in an excluded colonic segment, also
resulting in a 6-fold increase in mucosal permeability. Instillation
of 12.5 mg phosphatidylcholine once daily from the day after acetic
acid instillation and for the following 2 days prevented partially
the development of colitis causing partial mucosal restoration. By
increasing the phosphatidylcholine dose to 25 and 50 mg, a better



preventive effect was achieved. By starting the phosphatidylcholine
instillation immediately after the acetic acid exposure, almost
complete prevention of the colitis could be obtained. Similarly, 50
mg phosphatidylinositol in each instillation with the first
administration immediately after acetic acid administration resulted
in complete prevention of the colitis and a significant decrease in
mucosal permeability expressed as a plasma exudation into the
colonic lumen. Similar results were obtained when
phosphatidylcholine was administered immediately after acetic acid,
but the drug then had to be applied twice daily. In contrast, a
single application of the same total dose (150 mg) of the two
different phospholipids, either 30 min before or immediately after
acetic acid administration, could not prevent the development of
colitis. It is concluded that both phosphatidylcholine and
phosphatidylinositol have a therapeutic effect on the development of
acetic acid-induced colitis in the rat.] (35BEMOREH LV
Abstract#i)
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(FI1 —2) [The optimal mode of treatment of colitis including
ulcerative colitis remains to be found, although several studies
have been performed in order to improve the therapeutic
possibilities [1-5]. Phospholipids are the main constituent of
surface-active materials and are of potential interest in the
treatment of inflammatory bowel diseases. In previous studies we
have demonstrated good prevention against peritoneal adhesions by
intraperitoneal application of phospholipids [6].

Furthermore, extrinsic surface-active phospholipid and prostaglandin
E2 analogues have been applied for gastric cytoprotection [7-9].
Prostaglandin El and E2 analogues have been used with good results
in colonic mucosal protection in experimental colitis [3,10]. The
cytoprotective effect of prostaglandins has been shown to be, at
least partly, mediated by a localized increase in phospholipid
concentration [8]. However, it remains to be proven whether
extrinsic phospholipids alone may act cytoprotectively on colonic
mucosa and, consequently, whether phospholipids may enhance the
restoration of a colonic mucosal injury in colitis.



In a previous study we have shown that acetic acid in a dosage
of 4% for 15 s administered into an excluded segment of the colon
induced a uniform colitis as evaluated on the 4th day after acetic
acid instillation [11]. Furthermore the induced colitis showed some
pathological, similarities with human ulcerative colitis [11]. In
the present study, we used the same model to evaluate the potential
beneficial effects of two defined phospholipids, phosphatidylcholine
(PC) and phosphatidylinositol (PI).1 (3 6 EXAH)
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(Fil1 —3) TExperimental Schedule

In all experiments, phospholipids were instilled into the excluded
colonic segment in a volume of 5 ml through the upper colostomy
aperture (the lower aperture was anchored for | min. In the third
and fourth experimental series, phospholipids were instilled at a
volume of 2.5 ml. The phospholipids were not washed out after
instillation.] (3 6 EGHTH L 8IT~RIEEKETIT)
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(Fl1—4) TResults

Control Groups

In control colitis rats, the excluded colonic segment showed on
the 4th day after acetic acid instillation pathological features of
colitis with mild-to-moderate signs of ulceration, inflammatory cell
infiltration, crypt abscesses, dilated vessels and edema, and the
total morphological score was 14.7 £ 0.6 (fig.1a). In contrast
control healthy rats had only mild edema and sometimes dilated
vessels, and the total morphological score was 1.5 = 0.2 (fig. |b).
Mucosal permeability increased from 0.24 £ 0.05 in control healthy
rats to 1.43 = 0.17 u|1/min/g dry weight in the control colitis
rats (p <0.001; tablel).] (3 7EA@MTMNS111T~3 9HEMWS1T)
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(Fl1 —5) TEffects of PC
Effect of Different Doses of PC. PC induced a dose-dependent
restoration of the colonic mucosa as evaluated the 4th day after
acetic acid administration (table 1). A slight mucosal restoration
was seen after treatment with PC at a dose level of 2.5 mg/ml for 3
days starting the day after colitis induction. However, when using
this low dose, ulceration and active colitis was still evident and
the total morphological score was 10.5 = 0.6. At a dose level of 5
mg/ml, the mucosa was better preserved than after 2.5 mg/ml, and the
number of healing cyst was lower. At a dose level of 10 mg/ml, a
colonic mucosal restoration was evident with a clear reduction of
ulceration. However, mucin hyposecretion, abscesses, submucosal
edema and infiltration of inflammatory cells were still seen, and
the total morphological score was 8.3 = 0.6 (fig.Ic). The
dose-response relationship was highly significant (rs = 0.830,
p<0.001; Spearman’s rank correlation coefficient).] (3 9QEZLEH6
T~FEEWE )
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(Fl1 —6) TEffects of PC Administered at Different Time Points
Instillation of 10mg/ml of PC immediately after acetic acid
instillation and for 2 consecutive days improved the results as
compared with those which could be seen when the treatment was
initiated the day after acetic acid instillation (table 1). In fact,
the colonic mucosa showed an almost complete recovery on the 4th day
after induction of colitis when PC treatment started immediately
after acetic acid instillation (fig. 1d). However, mild inflammatory
cell infiltration, cysts, mild edema and vessel dilatation were
still seen, and the total morphological score was 4.5 = 0.4.
Initiating treatment immediately before acetic acid instillation did
not improve the results as compared with PC administration starting
the day after acetic acid instillation. By using the same dose of PC
(10 mg/ml, for 3 days), but dividing the daily dose into two
administration times (2.5 ml twice daily) and starting the treatment



immediately after acetic acid instillation, the results were further
improved and complete mucosal restoration was achieved as evaluated
4 days after colitis induction with the total morphological score
being 3.0 = 0.4 (fig. le). Furthermore, mucosal permeability
decreased significantly by this mode of treatment (PC 2.5 ml twice
daily for 3 days), though it remained significantly higher than that
in the control healthy rats

The time-dependent response relationship was highly significant
(rs=0.947, p<<0.001; Spearman’s rank correlation coefficient). ]
(A0EHEWM1IT~REAM1 31T)
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(Fl1 —7) TEffect of a Single Dose of PC. A single dose of PC of
150mg (30 mg/ml, 5 ml) administered 30 min before colitis induction
did not protect the mucosa from the development of colitis. In fact,
4 days after acetic acid administration, partly healed ulcers,
inflammatory cysts and mucin atrophy were seen, and the total
morphological score was 11.0 = 0.6.

Furthermore, the same single dose of PC of 150 mg (30 mg/ml 5 ml)
administered immediately after colitis induction had a slightly
restorative effect on the mucosa. Despite signs of epithelial
regeneration, active inflammation with inflammatory cysts, edema and
dilated vessels in the submucosa were still seen.] (4 OBEHAE1 4
T~418E@717)
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(FI1 —8) TFig. 1. Each photo is representative for changes in a
colonic muscosa within a group of 6 rats evaluated on the 4th day
after operation and acetic acid instillation (except for control
normal rats which received normal saline). HE. x25.

a Control colitis rat; ulceration, disappearance of glands with
mucous cel| depletion, cyst formation, abscesses, moderate



inflammatory cell infiltration, edema and dilatation of vessels in
the sub-mucosa are seen.
b Control normal rat; normal mucosa with absence of ulceration and
inflammation, substantial mucin production within the glands and
slight edema in the submucosa are seen.
¢ Rat treated with PC of 10 mg/ml once daily for 3 days starting 1
day after colitis induction; mucosa without ulceration, but mucin
hyposecretion, abscesses, inflammatory cell infiltration and slight
edema in the submucosa are seen.
d Rat treated with PC immediately once daily for 3 days; mucosa
without ulceration, few cysts, mild inflammatory cell infiltration
and mild edema in the submucosa are seen.
e Rat treated with PC immediately twice daily for 3 days;
wel |-preserved mucosa without ulceration, mild edema and vessel
dilatation in the submucosa are seen.] (3 8H)
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(F)1—9) [Table |I. The protective effect of PC on acetic
acid-induced colitis in the rat



Table 1. The protective effect of PC on acetic acid-induced colitis in the rat

Dose of PC . Administration schedule Total dose Result
of PC s
score permeability

0 mg normal saline in control normal rats 0 mg [.5£0.2*  0.24£0.05"**
0 mg normal saline in control colitis rats Omg 14.7+0.6 1.43+0.17
2.5 mg/ml, S ml once daily  start | day after acetic acid 37.5mg  10.5x0.6°

for 3 days instillation
5 mg/ml, 5 ml once daily start | day after acetic acid 75.0 mg 9.3 £ 0.5°

for 3 days instillation
10 mg/ml, 5mlonce daily  start | day after acetic acid 150.0 mg 8.3£0.6%2

for 3 days instillation
10 mg/ml, 5ml once daily  start immediately before aceticacid ~ 150.0 mg 8.7+0.4%>

for 3 days instillation
10 mg/ml, S5mlonce daily  start immediately after acetic acid 150.0 mg 4.5+0.4%b

for 3 days instillation
10 mg/ml, 2.5 ml twice start immediately after acetic acid 150.0 mg 3.0+£0.4%>  0.64+0.07***

daily for 3 days instillation
30 mg/ml, 5 ml once 30 min before acetic acid 1500 mg  11.0£0.6

instillation

30 mg/ml; 5 ml once immediately after acetic acid 150.0 mg 7.8+£0.5*

instillation

Each group included 6 rats for each dose level. Means + SEM are shown.
*p <0.05,**p < 0.01, *** p < 0.001, vs. control colitis.
*  PC dose-dependent group, correlation: n = 24, rs = 0.830, p < 0.001.
b Group treated with PC for 3 days with different timing, correlation: n =24, rg= 0.947, p < 0.001.
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(FI1 —1 0) TIDiscussion

A healthy colonic mucosa provides an efficient barrier between the
potential ly harmful environment and host integrity, This barrier is
impaired in colitis which in turn triggers the luminal immune system
with a subsequent release of inflammatory mediators, including
arachidonic acid, derived from phospholipids [12]. It has been shown
that the arachidonic acid metabolism is very similar in the acetic
acid-induced colitis as compared with that seen in human
inflammatory bowel disease [13]. This might imply that, although
colitis can be triggered by a wide variety of stimuli, the same
soluble proinflammatory factors mediate the final response [13].
Therefore, a high degree of similarity with regard to colonic
morphology presumably exists regardless of the etiology of colitis.
Moreover, other mechanisms known to be present in spontaneous human
colitis, for example, increased mucosal permeability, altered
vascularization and reduced activity of mucosal enzymes (e. g.
carboxypeptidase)have been reported to occur also in acetic-
acid-induced experimental colitis [14-16]. An experimental model of
colitis, such as acetic acid-induced colitis, could therefore be a
useful tool for screening potentially therapeutic agents.



As previously shown [11] and also confirmed in the present study,
acetic acid instilled in an excluded colonic segment at a dose level
of 4% for 15 s induces a uniform and reproducible colitis in the
rat. This model shows some histopathological similarities with human
ulcerative colitis and uniform features of the changes on the 4th
day after acetic acid instillation. This time point was therefore
selected for evaluating the effects of phospholipids in the present
study. Furthermore, at this time point, colonic mucosal permeability
(plasma exudation into the colon) increased 6-fold, which indicates
a disruption of the protective barrier function of the colonic
mucosa due to inflammation. This alteration in colonic permeability
has been implicated in the pathogenesis of inflammatory bowel
disease [17]. Thus, the measurement of permeability is an indicator
of mucosal impairment and inflammation.

A characteristic distribution of amphoteric surface-active
phospholipids, chemically similar to pulmonary surfactant, exists on
the colonic mucosa, also similar to what is found in other parts of
the gastrointestinal tract [18].] (4 2BEH®THM L 1 1{T~RIELEHE
M1
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(FI1 —1 1) TEach of the major surfactant species identified is
present on the luminal lining along the gastrointestinal tract in
amounts exceeding by far those needed to provide a monomolecular
layer [18]. The phospholipids have a hydrophobic (amphophilic)
character with good ability of boundary lubrication. It has been
reported that a hydrophobic |ining of the luminal surface has a
functional role and provides protection of the mucosal epithelium



against chemical and mechanical injuries [18]. Observations that the
intact mucosa behaves as being hydrophobic, whereas the ulcerated
mucosa does not[18, 19], and that the well-known 'barrier breakers’
which dissolve or combine with phospholipids, remove this
hydrophobicity[20], support these findings.
Therefore, it is possible that the application of phospholipids,
such as PC and PI, could either protect the mucosal barrier against
breaking by toxic material or support an already compromised barrier
by covering the injured mucosa and prevent the further development
of the consequent cascade of immunological changes that otherwise
would occur.
In the present study, we found that both PC and PI, which are known
to be highly surface-active membrane components [18, 21], have a
clear therapeutic effect in acetic-acid-induced colitis in the rat.
This effect was dose dependent and an optimal effect was achieved by
increasing the daily dose up to 50 mg (5 ml of 10 mg/ml).
Furthermore, initiating phospholipid treatment immediately after
acid instillation resulted in the best effect on mucosal
preservation. This might imply that initiating treatment as early as
possible after mucosal injury is important, probably because the
phospholipids block the immunological cascade which develops after
insulting the mucosal barrier. The same total dose of PC and PI
divided into 2 daily doses resulted in an improved result as
compared with the administration once daily of the same total dose.
1 (4 SEEM 11T~EH&ETIT) o
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(FI1 —12) TThese findings might be due to a longer contact
period between the phospholipids and the colonic mucosa when the
phospholipids were administered twice daily. In line with this, we
found by using the same total dose of phospholipids which resulted
in complete restoration of the mucosa when applied for 3 consecutive
days, but administered in a single dose immediately after acetic
acid instillation, that only slight preservation on the mucosa could



be achieved.

Thus, both kinds of phospholipids had therapeutic effects on
acetic—acid-induced colitis in the rat. Furthermore, the effect was
optimized by starting the treatment as early as possible after
colitis induction and by applying_these agents repeatedly. In
contrast, using the same total dose of phospholipids which induced
complete recovery after acetic acid-induced colitis, but
administered before acetic acid instillation did not result in any
beneficial, protective effect. This might imply that phospholipids
affect the injured mucosa, but they have no effect on a healthy
colonic mucosa.

Both kinds of phospholipids had similar restorative effects on the
mucosa in acetic, acid-induced colitis. This effect might thus not
be depending on the composition of phospholipids but would rather be
due to the adsorption of a monolayer from both phospholipids on the
injured mucosa. The difference between the |iposomal PC dispersion
and the vesicle type of PI dispersion is due to the zwitterionic
nature of PC contrary to the negatively charged PI. This difference
is not seen in the mucosal restorative effect.

We conclude that both PC and PI have restorative effects on the
mucosa in acetic acid-induced colitis in rats. The potential
beneficial effect of colonic administration of phospholipids in
human ulcerative colitis, however, requires further investigations
inaclinical situation.] (4 3EA#{1{T~RBERETIT)

(BR3) TThoHMBRIE JVUBEMN1RHIZ2ZEERAINEZD, Y UEE
BEEBRIEORD LY RWEMEBIBOI-OTHSIMNE Ly, ChE—
BMLT, #4lL, EHESBBERAIN-LEHEDREELGEEZE-6 LT
) UREEOR CRIREREMS C ISk >T, LA LHBABOERIZHE—
E%fﬁﬁéhtt%,%@%E@b?#ﬁﬁ%@ﬁﬁﬁ&éht:t%%

CDESIZ, MADEEDY VIBENS Y FOEFBRZERZIZGRDABRMNER
#HL toébt,%WQ%@,F%ﬁﬁﬁé AlEEER Y BECBEZRYD
Ho&IlzkY, Ff=, %%L)ﬁb;ﬂb BRFERAITHEICKY, mElk
éhto%htﬂ%MI B EMEBRDRICEELGREIEIZE N VB
BEDRECRBEEERANT, L#Lﬂ@ﬁﬁwmkﬁﬁéht%Alﬁ a0
ﬂ&éﬁﬁ&ﬁ&d%ﬁ%#béh&#oto_hﬁU/%E#E%EQH
-HBEICHEEZEZ 5D, BEGHEBHIEICEIEEEZEALTV. EEELT
BhE LG, S

mADEED ) VIEED, BFERGFEMBRICEVNT, HIRICREROEER)
REBLTW =, COMERIX, CDKSICY VIEBEDERKIZIKEFET S5DTIE
B, CLAEBLE-HELLOMAED!) VIBENS TE-HE— E@W#@F
mr&aooutv LOPCHMBLAERDP | nEUEORDIEE
BICTHEELEP I &IEHIZ, ﬁﬁ4#/ﬁ®PC®E£®th&60_®
WE@HmW@m%:aur@ﬁbnmu ,

BA Y

(2) REEDE#OERHICSIASN-ABEOELBRIZERINE=FTY
2 (REEDSIAX#E2) ITRLIERLFAEQ 77288018121, UT
NDEENEH INTWDS,

HE, UTOBRRXRERICK SR, mmﬂ THIZ G 5 BAFEHFED
RNRAB/THDH4HER2000-5054 305/ MOEHICEICIOTH
U,%@Etﬁ%ﬁﬁtﬁﬁbtoit,Tﬁ@%%ﬁﬁbt%@f%éo

()2 —1) [The present invention provides a therapeutic method of



treating inflammatory bowel disease (IBD) comprising locally
administering to the rectum, colon and/or terminal ileum of a
patient in need of such treatment, an amount of nicotine effective
to reduce the symptoms of IBD. In one embodiment of the present
method, the nicotine is administered orally, by means of a unit
dosage form that selectively releases nicotine in the terminal ileum
and/or colon of the patient. In another embodiment of the method,
the nicotine can be effectively administered to the colon by rectal
administration of an enema formulation or rectal foam comprising
nicotine. Nicotine can also be delivered to the ileum or colon of an
IBD patient by administration of an enterically coated unit dosage
form. The present invention also provides a novel composition
particularly suitable for the colonic administration of nicotine
comprising crosslinked polyacrylic acid polymers complexed with
nicotine.] (3E1811T~4H117)
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(Fl2—2) TIn a further preferred embodiment, nicotine is
administered via oral ingestion. The effective amount of nicotine
can be locally administered to the colon of the patient by oral
ingestion of a unit dosage form such as a pill, tablet or capsule,
comprising an effective amount of nicotine which is enterically
coated so as to be released from the unit dosage form in the lower
intestinal tract, e.g., in the ileum and in the colon of the
patient. Enteric coatings remain intact in the stomach, but will
dissolve and release the contents of the dosage form once it reaches
the region where the pH is optimal for dissolution of the coating
used. The purpose of an enteric coating is to substantially delay
the release of the nicotine until it reaches its target site of
action in the ileum or colon. Since nicotine locally administered to
the colonic tissue in this fashion is only about 20% absorbed in the
bloodstream (based on rectal administration), the systemic
side-effects of nicotine can be avoided or minimized.

Aqueous film—coating technology is employed for the enteric
coating of pharmaceutical dosage forms. Delayed-released oral
nicotine dosage forms have the potential advantage of delivering
nearly all the nicotine to the ileum or colon in an easily
administered form which can theoretically avoid the increased
systemic rectal abso#tion seen with enemas. In addition, enterically
coated nicotine will not have the dermatologic side effects directly
related to patch delivery.

Thus, a useful enteric coating is one that remains intact in the
l[ow pH environment of the stomach, but readily dissolved when the
optimum dissolution pH of the particular coating is reached. This
can vary between pH 3 to 7.5 depending upon the chemical composition
of the enteric coating, but is preferably between about pH 6.8 and
pH 7.2. The thickness of the coating will depend upon the solubility



characteristics of the coating material and the site to be treated.

The most extensively used polymer for enteric coating is cellulose
acetate phthalate (CAP). However, CAP has an optimum dissolution pH
greater than 6. thus early drug release may occur. Another useful
polymer is polyvinyl acetate phthalate (PVAP) which is less
permeable to moisture and gastric fluid, more stable to hydrolysis
and able to dissolve at a lower pH. which could also result in early
release of nicotine in the doudenum.

Another available polymer is hydroxypropy!| methylcellulose
phthalate. This has similar stability to PVAP and dissociates in the
same pH range. Further examples of currently used polymers are those
based on methacrylic acid, e.g.. methacrylic acid ester copolymers
with acidic ionizable groups, such as Eudragit L. S or LS and
mixtures thereof, the choice dependent upon the site of required
dissolution of the coating. Dosage forms coated with Eudragit, which
dissolve in the ileum at about pH 6.8. and in the terminal ileum and
caecum at about pH 7.2, have been developed for the delivery of
b-aminosalicylic acid, and can be used in accordance with the
present invention.] (7EH1{T~8EHE91T)
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(FI3—1) TPHARMACEUTICAL DOSAGE FORM FOR COLONIGC DELIVERY

TECHNICAL FIELD

The present invention relates to novel spherical unit dosage forms
to release therapeutic agents at a point near the inlet to, or
within the colon.

BACKGROUND OF THE INVENTION

Release of therapeutically active agents in the colon from a
perorally administered dosage form is desirable in several
situations, including: (1) topical treatment of diseases of the
colon such as constipation, irritable bowel syndrome (IBS), Crohn’s
disease, ulcerative colitis, carcinomas, and infection in which
systemic absorption of the therapeutic agent is neither required or
desired; (2) systemic absorption of therapeutic agents such as
peptides and proteins which are subject to lumenal degradation in
the stomach and small intestine; and (3) systemic absorption of
therapeutic agents for which peak systemic concentrations and
pharmacological activity are desired at time significantly delayed
from the time of peroral administration (i.e., peak plasma
concentrations in the early morning just prior to arising, from a
peroral dosage form ingested at bedtime). Colonic release of
therapeutical ly active agents from a perorally administered dosage
form requires that release of said agent for topical activity or
systemic absorption be prevented in the stomach and small intestine,
but permitted in the colon. This in turn requires design of the
dosage form to be such that it takes advantage of features of the
gastrointestinal tract that indicate arrival of the dosage form in
the colon, relative to other portions of the gastrointestinal tract
(M. Ashford and J. T. Fell, J. Drug Targeting, 1994, 2:241-258).
Variable features include pH, ionic strength, apparent velocity, and
bacterial content of the lumenal contents of the several anatomical
portions of the gastrointestinal tract as well as the residence time
of a pharmaceutical unit dosage form therein (M. Ashford and J. T.
Fell, J. Drug Targeting, 1994, 2:241-258; S. S. Davis, J. Contr.
Rel., 1985, 2:27-38).1 (1E1~351T)
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(FI3—2) [IThe pH profile of the lumenal contents of the
gastrointestinal tract has also been characterized and found to be
relatively consistent (D.F. Evans, G. Pye, R. Bramley, A. G. Clark,
and T. J. Dyson, Gut, 1988, 29:1035-1041 ). The pH of the stomach
may vary temporarily with prandial state, but is generally below
about pH 2. The pH of the small intestine gradually increases from
about 5 to 5.5 in the duodenal bulb to about 7.2 in the distal
portions of the small intestine (ileum). The pH drops significantly
at the ileocecal junction to about 6.3 and very gradually increases
to about 7 in the left or descending colon.

A distinguishing feature of the colon relative to other portions
of the gastrointestinal tract is the presence of exogenous bacteria.
These are capable of enzymatically catalyzing reactions of which the
host animal is incapable.

It has been recognized in general that dosage forms designed for
colonic release may employ one of the following features to indicate
arrival of the dosage form in the colon, relative to other portions
of the gastrointestinal tract: (1) the generally increasing pH
profile of the lumenal contents up to the ileocecal junction; (2)
the relatively constant small intestinal transit time of a
pharmaceutical unit dosage form (compensating for the highly
variable stomach residence time); and (3) the presence of exogenous
bacteria in the colon (M. Ashford and J. T. . Fell, J. Drug
Targeting, 1994, 2:241-258).

Dosage forms employing the generally increasing pH profile of the
lumenal contents of the gastrointestinal tract as a design feature
to indicate colonic arrival typically employ film coatings of
enteric polymers. These enteric polymers are polyanionic polymers
which are insoluble in water and at low pHs, but begin to dissolve
at pHs of about 5. Commercially available enteric polymers begin to
dissolve within the pH range of about 5 to 7

Examples of the use of this type of rationale to design dosage
forms for delivery to the colon include: USP No. 5,171,580, issued
Dec. 15 1992, Boehringer Ingelheim Italia, which teaches a
preparation for delivery in the large intestine and especially the
colon, comprising an active containing core coated with three
protection layers of coatings having different solubilities. The
inner layer is Eudragit# S, with a coating thickness of about 40-120
microns, the intermediate coating layer is a swellable polymer with
a coating thickness of about 40-120 microns, and the outer layer is
cellulose acetate phthalate, hydroxypropyl methyl cellulose
phthalate, polyvinyl| acetate phthalate, hydroxyethyl cellulose
phthalate, cellulose acetate tetrahydrophthalate, or Eudragit#L.

USP No. 4,910,021 , issued on March 20, 1990, Scherer Corp., which



teaches a targeted delivery system wherein the composition comprises
a hard or soft gelatin capsule containing an active ingredient such
as insulin and an absorption promoter. The capsule is coated with a
film forming composition being sufficiently soluble at a pH above 7
as to be capable of permitting the erosion or dissolution of said
capsule. The film forming composition is preferably a mixture of
Eudragit# L, Eudragit# RS, and Eudragit# S at specific ratios to
prOV|de solubility above a pH of 7. Coating levels above what is
knc_>wn in the art are not dlsclosed 1 (2E81T~:3E1 81—;)
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(FI3—3) [The inventors have discovered that the amounts of
enteric polymer required to delay release of the therapeutic agent
for a time approximately corresponding to the residence time in the
small intestine can be determined by 1. a knowledge of the
dissolution behavior of the selected enteric polymer as a function



of the size of the dosage form and the pH and velocity of an aqueous
medium, and 2. by an estimation of the pH and apparent velocity of
the lumenal contents of the sequential anatomical segments of the
small intestine and colon. Since final dissolution of the enteric
coating is desired to occur in the colon, the enteric polymer
comprising the coating of the unit dosage form must be selected and
applied to the dosage form such that the coating will be soluble in
the proximal portion of the colon, or at a maximum pH of about 6. 3.
As described below, the amounts of enteric polymer required to
achieve the requisite delay in release of the therapeutic agent are
greatly in excess of those revealed in the prior art.] (6 E
21~3 517)
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