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Abstract

A novel experimental pH- and time-dependent colonic drug delivery system was
prepared and its in vitro and in vivo performances were evaluated. The colonic delivery
system consists of minitablets with a big swelling capacity coated with an inlet retardant
layer insoluble at all pH ranges but permeable (Eudragit RS 30D) and an outlet layer,
insoluble and impermeable at acidic pH but easily soluble at a pH value higher than 5.5
(Eudragit L 55 30D). In vitro results showed that this pharmaceutical system is able to
prevent drug release in acidic medium for 2 h but to release its drug content in neutral
medium (phosphate buffer, pH 6.8), after 3 h lag-time. /n vivo data obtained on 8 healthy
volunteers show that the absorption of drug begins after a lag time (#,5) of 2.5 - 3 hours and
the maximum plasma level (¢,x) was realised after 5.7 hours, suggesting that the release of
drug occurs in the colon.

Rezumat

A fost preparat un nou sistem farmaceutic cu cedare colonica, iar performantele
sale au fost evaluate in vitro si in vivo. Sistemul farmaceutic este format din minitablete cu
mare capacitate de umflare, acoperit cu un strat de retardare interior, insolubil indiferent de
pH dar permeabil (Eudragit RS 30D) si un strat exterior insolubil si impermeabil la pH
acid, dar usor solubil la pH mai mare de 5.5 (Eudragit L55 30D). Rezultatele in vitro au
ardtat cd acest sistem farmaceutic este capabil sd prevind eliberarea substantei
medicamentoase in mediu acid pentru o perioadd de timp de 2h si sd o elibereze in mediu
neutru (tampon fosfat pH 6.8) dupa o perioada de latentd de 3h. Datele in vivo, obtinute pe
8 voluntari sdnatosi, au aratat cd absorbtia substantei medicamentoase incepe dupid o
perioada de latenta (#,,) de 2,5 - 3 ore, iar concentratia maxima plasmaticd (fn.x) S€ atinge
dupd 5,7 h, ceea ce sugereaza ca cedarea substantei medicamentoase are loc in colon.

Keywords: colonic delivery, minitablets, indomethacin, time and pH dependent
delivery
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Introduction

The development and the design of colon-specific drug formulations
represent a technological challenge as these dosage forms must pass through
the upper gastrointestinal (GI) tract in intact form before delivering the drug
to the colon. To achieve a successful colonic delivery, a drug needs to be
protected from absorption and /or the environment of the upper
gastrointestinal tract (GIT) and then be abruptly released into the proximal
colon, which is considered the optimum site for colon-targeted delivery of
drugs [1, 2, 3]. During the past decade, a large number of delivery systems
have been developed with the intention of colon — targeted drug delivery.
The various pharmaceutical approaches which have been used for targeting
drugs to the colon are mainly based on pH-dependent, time-dependent
and/or bacterially degradable polymers [4, 5].

The aim of this work was the preparation and in vitro and in vivo
evaluation of a novel experimental colonic drug delivery system with pH-
and time-control. The developed colonic delivery system was designed to
avoid the inherent problems associated with only pH — delivery systems and
only time — delivery systems. The developed colonic delivery system
exploited the advantage of the relatively consistent transit time through the
small bowel coupled with the pH difference between the stomach and the
small intestine.

Materials and methods

The colonic delivery system and enteric formulations preparation

The design of the colonic delivery system is shown in Figure 1 and
that of the enterosoluble formulation is shown in Figure 2. Both
formulations (colonic delivery system and enterosoluble formulation) were
obtained starting from the same minitablets, as cores. The core minitablets
contain an active pharmaceutical ingredient (API), one excipient with a big
swelling capacity (sodium starch glycolate) and other requisite excipients.
The configuration of colonic delivery system consists of a core minitablet
with a big swelling capacity coated with two layers of polymer coating. The
first coating (next to the core) is a retardation layer insoluble at any pH
range but permeable (Eudragit RS 30D) and the other coating is an enteric
layer, insoluble and impermeable at acidic pH but easily soluble at a pH
higher that 5.5 (Eudragit L55 30D). The development of the colonic
delivery system minitablets type using a central experimental design was
reported previously [6].
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Minitablet with indomethacin
with big swelling capacity

Inlet retardation layer
insoluble pH independent but permeable
(Eudragit RS 30 D film)

Oultlet enterosoluble layer
(Eudragit L 55 30D film)

Figure 1
The structure of the colonic delivery system minitablets type

Minitablets with indomethacin
with big swelling capacity

Outlet enterosoluble layer
(Eudragit L 55 30D film)

Figure 2
The structure of enterosoluble formulation

Minitablets were obtained via direct compressing using a Korsch EK
0 (Korsch, Germany) eccentric press equipped with die and punches of 5
mm. The composition, both qualitative and quantitative, of the minitablets is
presented in Table I. The machine was adjusted to obtain minitablets of 50
mg weight. The minitablets were coated with polymeric films (Eudragit RS
30D, Eudragit L 55 30D), in a fluidized bed coating device Strea 1
(Aeromatic AG, Switzerland). The composition of the coating formulas
(inlet retardation layer — based on Eudragit RS and outlet enterosoluble
layer — based on Eudragit L 55) is presented in Table II.

Table 1
Minitablets preparation formula (qualitative and quantitative)
. ° g/laboratory
Raw materials mg/tablet ) batch
Indomethacin (S&DChemicals, UK), 5.000 10.00 50.00
Sodium starch glycolate (JRS Pharma, Germany) 2.000 4.00 20.00
Polyvinylpyrrolidone K,s(BASF, Germany) 2.500 5.00 25.00
Lactose monohydrate (Meggle, Germany) 2.500 5.00 25.00
Microcrystalline cellulose PH102 (JRS Pharma, 37625 7525 37605
Germany)
Magnesium stearate (Union Derivan, Spain) 0.250 0.50 2.50
Silicon dioxide (Rohm Pharma, Germany) 0.125 0.25 1.25

Total 50 100.00 500.00
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Table 11
Coating formulas (colonic delivery system and enterosoluble formulation)
enterosoluble
Raw materials colonic delivery system formulation
g/batch mg/tablet % g/batch mg/tablet %
Core Minitablets with indomethacin 180 50 86.52 - - -
Eudragit RS 30D 18.54 5.15 8.91 - - -
g Triethyl citrate 2.039 0.567 0.98 - - -
_‘§ E HPMCE 15 LV 0.612 0.17 0.29 - - -
= & Talcum 5.562 1.545 2.67 - - -
2 Titan dioxide 0927 0258 045 - - -
Pigment 0.371 0.103 0.18 - - -
Minitablets with indomethacin 180 57 92.81 _ _ _
coated with Eudragit RS 30D
Core Minitablets with indomethacin - - - 180 50 86.52
@© Eudragit L 55 30D 9 2.850 4.64 9 2.89 4.64
E .. Triethyl citrate 1.35 0.428 0.70 1.35 0.434 0.7
% % Talcum 2.70 0.855 1.39 2.7 0.867 1.39
f’é Titan dioxide 0.45 0.143 0.23 0.45 0.145 0.23
© Pigment 0.45 0.143 0.23 0.45 0.145 0.23
where: HPMC — hydroxypropylmethylcelulose

In vitro release studies. In order to simulate the GI tract conditions,
dissolution studies were carried out in acidic media pH 1.2 (HCI1 0.1N) for 2
hours and then in neutral media pH 6.8 (phosphate buffer) for 22 hours. The
samples were tested separately in each medium. Dissolution studies of
coated minitablets were carried out in an European Pharmacopoeia
dissolution apparatus I (Pharmatest, PTWS, Germany) at a rotation speed of
50 rpm in 900 mL medium at 37 + 0.5 °C.

In vivo studies. Three administrations with indomethacin oral dosage
forms were performed to each subject with 200 mL of water following an
overnight fast for at least 10 h in an open randomized crossover study,
separated by a 7 days drug-free period; one treatment with immediate
release dosage forms (2 immediate release capsules contained 25 mg
indomethacin/capsule from Terapia, Romania), one treatment with
enterosoluble dosage forms (10 enteric release minitablets contained 5mg
indomethacin/minitablet) and colonic release dosage forms (10 colonic
release minitablets contained 5 mg indomethacin/minitablet). The in vivo
study was conducted in accordance with the recommendations of the
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Declaration of Helsinki (World Medical Assembly1964) as revised in
Tokyo (1975). The study protocol has been approved by the ethical
University committee. The volunteers were informed about possible risks
and adverse effects of taking the drug, and an informed written consent was
obtained from each one. The study included 8 healthy male volunteers aged
22-30 years, 55-93 kg body weight. Blood samples were collected at 0 - 1 -
2-25-3-35-4-45-5-55-6-7-8-9-10 - 12 hours after drug
administration. The indomethacin assay was performed with a HPLC-MS
validated method [7, 9]. The pharmacokinetic parameters were assessed
using the Kinetica 4.4 pharmacokinetic data analysis software (Thermo
Electron's, SUA).

Results and discussion

The pharmacotechnical properties results of the minitablets cores

The minitablets were analysed using standard pharmacotechnical
methods for tablets in European Pharmacopoeia. Because the minitablets
would be coated in fluidised bed, lower acceptance criteria as in European
Pharmacopoeia for hardness and friability were established. The
pharmacotechnical results obtained with cores preparations are presented in
Table III. The minitablets accomplish all the established parameters; they
have good mass uniformity, very good hardness, very low friability and
short disintegration time.

The pharmacotechnical properties results of the enterosoluble
formulation

The pharmacotechnical results obtained after minitablets (cores)
were coated with Eudragit L 55 and resulted enterosoluble formulation are
presented in Table III. In order to evaluate coating efficiency via weight
gain, the average mass and uniformity of mass were determined before and
after coating. According to the obtained results coating efficiency was very
good. The enterosoluble formulation meets the disintegration time
requirement for enterosoluble preparation: all the minitablets resist in acid
medium for 2 hours and in neutral medium the disintegration time is 6
minutes.

The pharmacotechnical properties results of the colonic delivery
System

The pharmacotechnical results obtained after minitablets (cores)
were coated with Eudragit RS and Eudragit L 55 and resulted the colonic
delivery system are presented in Table III. In order to evaluate coating
efficiency via weight gain, the average mass and uniformity of mass were
determined after both coating steps, with Eudragit RS and with Eudragit L
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55. According to the results obtained, coating efficiency was very good for
both coating steps.

Table I11
Pharmacotechnical characteristics of minitablets cores,
enterosoluble formulation and colonic delivery system

Test Acceptance criteria Results
Uncoated minitablets
Average mass 50mg +7.5% 50.10 mg
Between 53.75 mg — 46.25 mg 50 mg (+0.2%)
_ Uniformity of mass NMT* 2/20 deviate from mean by Min 48 mg
- § more than £7.5% and none more Max 52 mg
38 than £15%
2 < Hardness NLT** 6 kg/cm? 7.9 kg/em?
:E «3 Min 7; Max 8 kg/cm®
S &  Friability NMT* 0.5 % 0.098%
5 Disintegration time NMT* 10 minutes 1.2 minutes
Assay of indomethacin
mg/tablet 4.75 — 5.25 mg/comp. 5024 g
% 95.00 — 105.00% (5 mg+5%) 100.48%
Enterosoluble formulation (after coating with Eudragit L 55)
Average mass 54mg +7.5% 54.11 mg
= Between 49.95 mg — 58.05 mg 54 mg (+0.11%)
5 Uniformity of mass NMT* 2/20 deviate from mean by Min 52 mg
w & more than £7.5% and none more Max 56 mg
R} than +£15%
S = Hardness NLT** 6 kg/em® 7.4kg/em’
= £ Min 6.5; Max 10 kg/cm”
E _5 Disintegration time:
‘2 - in acid medium HCI No tablets in 2 hours 0 tablets
] 0.1IN NMT* 15 minutes 6 minutes
© phosphate buffer
pH 6.8 medium
Colonic delivery system minitablets type (after coating with Eudragit RS)
Average mass 57mg +7.5% 56.00 mg
2= g Between 52.73 mg — 61.28 mg 57 mg (-2.62%)
_;'; £ = Uniformity of mass NMT* 2/20 deviate from mean by Min 54 mg
§ 2 %D more than £7.5% and none more Max 58 mg
£ § E than +£15%
= 0a Hardness NLT** 6 kg/cm? 7.2 kg/em®
Min 7; Max 9 kg/cm®
(after coating with Eudragit L 55)

Average mass 61mg +7.5% 61.7 mg
w=t® Between 56.43 mg — 65.58 mg 61 mg (+0.82%)
= ‘é 2 - Uniformity of mass NMT* 2/20 deviate from mean by Min 58 mg
L2 E more than £7.5% and none more Max 66 mg
- o o0 M
ESE 8 than +15%

2833
= M Hardness NLT** 6 kg/cm? 7. 6 kg/em®

Min 7; Max 9 kg/cm®

* NMT = no more than
** NLT = no less than
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Results from in vitro release evaluation

Dissolution testing of colon delivery systems with the conventional
basket method has usually been conducted in different buffers for different
transit times that colon specific delivery system might encounter in vivo [10,
11, 12, 13]. Thus, the in vitro release dissolution behavior was evaluated
using a pH change method, involving dissolution in 0.1 N hydrochloric acid
(pH 1.2) for 2 h followed by 22 h in 0.05 M phosphate buffer (pH 6.8). The
dissolution profiles of indomethacin from the colonic delivery system
(coated with Eudragit RS and Eudragit L) and enteric release formulation
(coated only with Eudragit L) in 0.1 N hydrochloric (pH 1.2) are shown in
Figure 3. From all coated minitablets with Eudragit L 55 30D (colonic
delivery system and enteric release formulation) no indomethacin was
released after 2h at pH 1.2. Furthermore, the coated minitablets maintained
their conformation and weight after being kept in acidic medium for 2h. The
results confirm the robustness of enteric coating films and the good
compatibility with the minitablets cores. The dissolution profiles of
indomethacin from the colonic delivery system (coated with Eudragit RS
and Eudragit L), enteric release formulation (coated only with Eudragit L)
and immediate release (IR) capsules in 0.05 M phosphate buffer (pH 6.8)
are shown in Figure 3. In neutral medium (phosphate buffer, pH 6.8) from
the immediate release capsule (IR capsules) and from the enterosoluble
formulation, drug release occurs fast (more that 88 % after 1 h). From
colonic delivery minitablets, drug release occurs after a lag period of 3-4h
and 88% is reached in 12h.

5000.0

E . —+—Enterosoluble minitablets
’ 000.0
- / 00 ’ = Colonic delivery system

s g
T o
8

IR capsules

3000.0 .\(

2000.0 { T

—o—IR capsules

¥

—=—Enterosoluble formulation 1000.0 — %{J
— —Colonic delivery system minitablets type H / f< M
0.0 - T Sk ————

time (hours)

0 1 2 3 4 5 6 7 8 9 10 11 12 13
10 12 14 16 18 20 22 24 time (hours)

Figure 3 Figure 4 ) )
Drug release from immediate release (IR) capsules, 1 1€ mean plasma values of indomethacin
enterosoluble formulation and colonic delivery after oral administration of 50 mg
system, in acid medium pH 1.2 for the first 2 hours ~ indomethacin (as immediate release (IR)

and phosphate buffer pH 6.8 for the next 22 hours capsules, enterosoluble minitablets and
colonic delivery systems)

Results from in vivo evaluation
When a drug delivery system is conceived and a prototype
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formulation with acceptable in vitro characteristics is obtained, in vivo
studies are usually conducted to evaluate the site specificity of the drug
release and to obtain relevant pharmacokinetic information of the drug
delivery systems. In vivo performances of colonic delivery systems
minitablets type was evaluated on 8 human subjects using indomethacin as
model drug. Figure 4 shows the plasma concentration profile of
indomethacin of colonic delivery systems minitablets, enteric coated core
minitablets and immediate release capsules. The results obtained on enteric
coated minitablets show that the release of drug from this dosage forms
occurs after 1 — 2.5 h and the peak time of plasma level was reached after
approximately 3.5 h. The colon delivery systems results show that the
release of drug from this dosage forms occurs late (after 3.5 — 4.5 h lag
time) and the peak of plasma level was reached after approximately 5.5 h.
Compared with enteric coated minitablets and immediate release capsules,
the onset of indomethacin from colonic delivery system was delayed for
more than 3 h (table IV).

Table IV
Pharmacokinetic parameters of indomethacin from studied formulations (mean, SD, n = 8)
Immediate release Enterosoluble Colonic delivery
Parameters capsules formulation system
Mean, SD Mean, SD Mean, SD
Tmax (h) 0.75+£0.56 3.4+0.65 57+1.92
Tlag (h) 0 1.2+0.8 28+1.2
Cmax (ng/mL) 3272.22 £1465.49 1861.46 +306.67 114.28 £107.89
ASC (ng/mL*h) 6472.57 +£2306.97 5451.02 +477.97 325.23 £245.31

where: AUC — area under the curve, SD — standard deviation.

First plasma indomethacin concentration at 0.25h from immediate
release capsules and 2h from enteric coated minitablets after oral
administration suggest a stomach residence time of approximately 2 — 2.5 h.
The transit time of the tablet in the small intestine of humans has been
characterised to be about 2.13 — 2.75 h [14]. Therefore, taking into
consideration an average lag time of 2.5 h after indomethacin appearance in
plasma from colonic delivery system in comparison with enteric coated
minitablets, it can be inferred that onset of drug release from colonic
delivery system took place in the proximal colon. It is believed that both
formulations (enteric coated minitablets and colonic delivery system) are
intact in stomach and do not release the drug into the stomach. In the small
intestine the outlet Eudragit L 55 30D film is dissolved fast and the drug
release occurred only from enteric coated minitablets. The inlet Eudragit RS
30D film delayed a lag time in release of indomethacin for 2.5 - 3h after
stomach empting for colonic delivery formulation. This means that breaking
of the Eudragit RS film occurs late, after approximately 2.5 - 3 h after
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minitablets arrived in duodenum, time needed for the minitablets to pass
through the small intestine and arrive into the colon. So, the disintegration
of the system and the release of indomethacin occurred at the target site of
the gastrointestinal tract (proximal colon). The low bioavailability and
incomplete absorption may be due in part to low water quantity for drug
dissolution in colonic content, and in part due to the small surface area
available for drug absorption. Similar results, with low bioavailability of
drug in colon were obtained on in vivo studies in dogs [10] and humans
[15].

Conclusions

In this work, in vitro and in vivo performance of an experimental
colonic drug delivery system was evaluated. In vitro studies showed that
this pharmaceutical system is able to prevent drug release in acid medium
(0.IN HCI solution, pH 1.2) for 2 h but in neutral medium (phosphate
buffer, pH 6.8) the drug release starts after 3 h and occurs in approximately
8 h. According to in vivo data obtained, the absorption of indomethacin
from minitablets with colon release occurs after a lag time of 2.5-3 h (that
means the release of drug begins in the last part of the ileum or in the
colon), and the maximum plasma level was reached after 5.7 hours
(meaning that the greatest part of the drug was released in the large
intestine). Thus, this new colonic drug delivery system is potentially useful
for oral site-specific drug delivery including colon targeting.

Reference

1. Leopold C.S., Eikeler D., Basic coating polymer for the colon-specific drug delivery in
inflammatory bowel disease, Drug Dev. Ind. Pharm, 2000, 26(12), 1239-1246.

2. Choursaia M.K., Jain S.K., Pharmaceutical approaches to colon targeted drug delivery
systems, J.Pharm. Phamaceut. Sci., 2003, 6(1), 33-66.

3. Friend D.R., New oral delivery systems for treatment of inflammatory bowel disease,
Advanced Drug Delivery Reviews, 2005, 57(2), 247-265.

4. Mastiholimath V.S., Dandagi P.M., Jain S.S., Gadad A.P., Kulkarni A.R., Time and pH
dependent colon specific, pulsatile delivery of theophylline for nocturnal asthma, /nt. J.
Pharm., 2007, 328, 49-56.

5. Chourasia M.K., Jain S.K., Pharmaceutical approaches to colon targeted drug delivery
systems, J. Pharm. Pharmaceut. Sci., 2003, 6(1), 33-66.

6. Tomutd I., Leucuta S.E., Colonic delivery minitablets preparation and optimization
using experimental design, Farmacia, 2005, LIII( 6), 80-88.

7. Soica Codruta, Vari C., Imre S., Gyéresi A., Dehelean C., Dogaru M.. HPLC analysis of
furosemide in rat plasma. Bioavailability study. Note 2, Farmacia, 2008, 56(5), 513-
524.

8. Taerel A.E., Stiolica Turcu A., Study on the range of drugs authorized in Romania — a
determinant element for the accessibility and availability of drugs, Farmacia, 2009,
57(2), 254-259.

9. *** European Pharmacopoeia, 6" Edition, CD version, 2007.



FARMACIA, 2010, Vol.58, 3 377

10.

11.

12.

13.

14.

15.

Takeuchi H., Yasuji T., Yamamoto H., Kawashima Y., Spray-dried lactose composite
particles containing an ion complex of alginate-chitosan for designing a dry-coated
tablet having a time-controlled releasing function, Pharma. Res., 2000, 17, 94-99.

Fukui E., Myamura N., Uemura K., Kobayashi M., Preparaion of enteric coated timed-
release press-coated tablets and evaluation of their function by in vitro and in vivo tests
for colon targeting, /nt. J. Pharm., 2000, 204, 7-15.

Braha S., Gafitanu C., Braha E., Tuchilus C., Vasilescu M., Poiata A., Enhancement of
dissolution of rifampicine and in vitro / in vivo evaluation of drug release from
collyrium. Farmacia, 2009, 57(2), 25-64.

Ahjel D.W., Lupuleasa D., Enhancement of solubility and dissolution rate of different
forms of atrovastatine calcium in direct compression tablet formulas. Farmacia, 2009,
57(3), 290-300.

Krishnaiah Y.S.R., Satyanarayana S., Rama Prasad Y.V., In vivo evaluation of 99mtc-
DTPA and 99mtc-sulphur colloid as tracers in colonic drug delivery systems using
gamma scintigraphy in volunteers., J Pharm Pharmaceut Sci, 2002, 5(1), 24-28.

Basit A.W., Podczeck F., Newton M.J., Waddington W.A., Ell P.J., Lacey L.F., The
use of formulation technology to assess regional gastrointestinal drug absorption in
human., Eur. J. Pharm. Sci., 2004, 21 (2), 179-189.

Manuscript received: September I* 2009



