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Abstract

Oral administration of mucoadhesive tablets containing erythropoietin (EPO) and an absorption enhancer Labrasol was studied in rats and doc
Mucoadhesive tablets were prepared using Sylysia 550 holding the absorption enhancer and Carbopol 974P as a mucoadhesive agent. Mucoadhe
tablets were covered with a water-insoluble backing layer made of cellulose acetate and a pH-sensitive covering layer made of Eudragit L/Eudrag
S. Tablet was administered into the rat jejunum at EPO dose of 100 IU/kg and serum samples were collected for 6 h. Serum EPO level was analys:
with a standard ELISA procedure. After administration, rats showed a maximum serum EPO Eygl 09.6+ 8.9 mIU/ml. Oral administration
of a single tablet containing 100 IU/kg EPO to beagle dogs show€gd,aof 24.6+ 4.1. When EPO dose was increased to 500 IlU/kg and the
number of tablets was also increased to 5,&hg was 54.8+ 9.0 mlU/ml. However, when EPO, 100 IU/kg dose was divided into five tablets,
the Cmax Was 15.5+ 1.8 mlU/ml. In the absence of absorption enhancer,Ghg was 35.8t 3.8 with 500 1U/kg dose distributed among five
tablets. Pharmacodynamic studies were carried out following oral administration of mucoadhesive tablets for 6 consecutive days at an EPO dose
500 IU/kg. Whole blood samples were collected and percent circulating reticulocytes were counted using Miller technique. The increase in percer
circulating reticulocytes was found to be 1.7% on day 8 following oral administration. As a control study, EPO was administered by i.v. route at a
dose of 300 1U/kg for 3 consecutive days and the percent circulating reticulocytes were counted. Mucoadhesive tablets showed promising resul
as an oral drug delivery system for protein therapeutics.
© 2005 Published by Elsevier B.V.
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1. Introduction two to three times a week, depending on the patient requirement.
Except for these parenteral routes of administration, no other
Erythropoietin (EPO) is a hormone primarily produced by patient friendly routes are presently available although studies
the kidney cells, which is responsible for the regulation of ery-on various other routes have been carried out such as the oral,
thropoiesis in mammalsQoldwasser and Kung, 1968EPO  rectal and intranasaMaitani et al., 1996; Mizuno et al., 1992;
is used in a number of clinical circumstances to treat anemi&himoda et al., 1995
due to renal failure, cancer, bone marrow transplantation, AIDS, Oral delivery of protein and peptide drugs poses a challenge
etc. Winerals et al., 1986; Eschbach et al., 1987; Urabe et alto pharmaceutical scientists. Present study was aimed at devel-
1988; Spivak, 1994; Markham and Bryson, 18%%ecombinant oping an oral dosage form, which is the preferred route of
human EPO available as a commercial product is obtained usiredministration. Earlier studies involving oral delivery of EPO
recombinant DNA technology. The molecular weight of the hor-using liposomes have been reported Mgitani et al. (1996,
mone is about 30 kDdavis et al., 198). It has been well estab- 1999) However, our present study involves the use of mucoad-
lished and proved for the safe use in humans. Presently, EPOligsive tablet systems. Mucoadhesive tablets have been reported
administered either as an intravenous or subcutaneous injectiamthe literature mostly for local delivery of the drug to the oral
mucosa than for the delivery of large molecular weight protein
drugs. However, a few reports are available for the delivery of

* Corresponding author. Tel.: +81 75 595 4625; fax: +81 75 595 4751. salmon calcitonin and insulirGuggi et al., 2003; KraU|a_nd et
E-mail address: venkatesamatarajan@yahoo.co.in (N. Venkatesan). al., 2004. In our present study, an attempt was made to improve
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the absorption of EPO following oral administration to beagle
dogs and to study their subsequent pharmacological activity.

pH sensitive covering layer

Tablet containing EPO

2. Materials and methods

o

Carbopol layer on the surface

Carbopol gel (10% w/v)
Water insoluble backing layer

(8

2.1. Materials

Cellulose acetate (CA) (CA-398-10NF) (Eastman ChemfFig. 1. Scher_natic presentation of the EPO mucoadhesive tablet depicting dif-
ical, Kingsport, USA), Eudragh L 100 and Eudragft S  rerentlaversinthe ablet
100 (Fbhm GmbH, Germany), Labrabl(Gattefosse, Lyon,
France), Carbop8l974P (BF Goodrich Co., Cleveland, USA), 974P was added on to the surface. Tablets were prepared by
porpus silicon dioxide (Sylysfa550, Fuiji Silysia Co., Japan) direct compression of the above mixture at a compression force
and triethyl citrate (TEC) (Wako Pure Chemical Industries,0f 3tonnes using a hand press machine (Shimadzu, Japan). The
Osaka, Japan) were obtained. All other materials used wef@blets were 0.5in. in diameter and 0.75 mm in thickness.
of reagent grade and were used as received. The membrane The prepared tablets were placed with Carbopol side facing
spreading apparatus (Bakerapplic&owas developed in tech- upwards on a water-insoluble membrane containing Carbopol
nical collaboration with Imoto Seisakusho (Kyoto, Japan).9€l(10%,w/v), whichhelps holdthe tabletto the water-insoluble
A commercially available erythropoietin injection (ESPO membraneKig. 1). The water-insoluble membrane was placed
24,000 1U/0.5 ml) manufactured by Kirin Breweries (Japan) andiround the tablet except for the upper surface (Carbopol side).

marketed by Sankyo Corporation (Tokyo, Japan) was used. 1he membrane was fixed using small amount of CA solution (to
act as glue). The surface was covered with enteric polymer film

2.2 Animals and was sealed using the respective enteric polymer solution.

Male Wistar rats used in the present study were obtained frord.5. Pharmacokinetic studies of EPO after oral/i.v.
Nippon SLC (Hamamatsu, Japan) and standard solid meal @fdministration of EPO test formulations to rats
commercial food (LabDié&t) was purchased from Nippon Nou-
san (Yokohama, Japan). Male beagle dogs used in the presentAbsorption studies were carried out with male Wistar rats
study and standard solid meal of commercial food (Lab D(380-400 g body weight). Rats were fasted 12—16 h with access

stock®’) were obtained from Nippon Nousan Co. Ltd. to water ad libitum. The rats were anaesthetized by an intraperi-
toneal injection of sodium pentobarbital (50 mg/kg). After blank

2.3. Preparation of water-insoluble and pH-sensitive blood samples (0.35 ml) were obtained, the hairs on the abdom-

membranes inal region were shaved and a 3 cm midline incision was made

through the skin and muscle without damaging other internal

A water-insoluble backing layer made of CA was preparedorgans. The small intestine was exposed and a small incision
using a solvent evaporation technique. CA solution (20%, w/vvas made in the jejunum, where the blood supply was sparse.
containing TEC (20%, w/w, of the polymer) was prepared inMucoadhesive tablet containing EPO equivalentto an EPO dose
acetone. A thin membrane of CA was prepared by spreadingf 100 IU/kg was placed 5cm away from the point of incision
the CA solution on a Teflon coated plate (30&M0cm) using  using a smooth end fine forceps with proper care not to dam-
Bakerapplicator having a clearance of 208. The CA mem- age the intestinal wall. The tablet was placed in such a way that
brane was allowed to dry at room temperature. The thicknesthe enteric side was facing the intestinal wall while the water-
of the dried membrane was measured using a Somyate insoluble backing layer was away from the wall. The incision
(Sony, Japan). The thickness of the membrane obtained wagas sutured and then sealed carefully, not to close the intestinal
40.04 0.3pum. The enteric polymer membrane was also preflow using a synthetic adhesive, Aron alfhéSankyo Corpo-
pared by the above technique using Eudragit L 100/Eudragiation). The sealed area was checked for any bleeding and then
S 100 with a 5Qum clearance applicator. The enteric polymer placed back into the abdominal cavity of the rat. The abdominal
solution was prepared by dissolving 20% (w/v) of Eudragit L cavity was then sutured. The body temperature of the rats was
100/Eudragit S 100 along with TEC (70%, w/w, of the poly- maintained at 37C by heating with a lamp over the animals.
mer) in a mixture of methanol:methylene chloride (1:2). TheBlood samples (0.35ml) were collected from the right jugu-

thickness of the dried enteric membrane was 23141 pm. lar vein at 1, 2, 3, 4, 5 and 6 h after administration in the case
of intra-jejunum administration of the mucoadhesive tablets. In
2.4. Preparation of mucoadhesive tablet order to determine the bioavailability, EPO solution was injected

into the left jugular vein of another group of rats, at a dose of
Sylysia 550 and Labrasol (500 mg each) were mixed and t&0 IU/kg. A blank blood sample was collected prior to the injec-
this mixture was added Carbopol 974P (10 mg/tablet). On mixtion. Blood samples were collected from the right jugular vein
ing well, lyophilized EPO was added and mixed to obtain aat 2, 20, 40, 60, 120, 180, 360 and 480 min after administration.
uniform distribution of the drug. This mixture was then weighed The animals were kept anaesthetized throughout the experiment.
into the tablet dye (0.5 in.) and a further 10 mg/tablet of Carbopolhe collected blood samples were allowed to clot by standing at
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room temperature for 30 min and serum samples were obtainelD days). A blank blood sample was taken prior to the adminis-
by centrifugation at 12,000 rpm for 15 min at® using Kub- tration of the test formulations. As a control, pharmacodynamic
ota 1700 centrifuge (Kubota, Tokyo, Japan). The serum samplesudies following i.v. injection of EPO solution (300 IU/kg) for

were collected and stored aB0°C until analysis. 3 consecutive days were also carried out. Blood samples were
collected in EDTA-2K coated sample tubes for 8 days. All the

2.6. Pharmacokinetic studies of EPO after oral/i.v. experiments were carried out at the same time of the day to

administration of EPO test formulations to dogs exclude the influence of circadian rhythm. The percent circulat-

ing reticulocytes were counted on the same day after collection

Adult male beagle dogs (11-12 kg body weight) were fasteaf the blood sample. All the animal experiments were carried out
overnight for at least 12 h with access to water ad libitum in accordance with the Guidelines for Animal Experimentation
Test formulations were administered at 10:00 a.m. with 30 ml ofn Kyoto Pharmaceutical University.
luke-warm water in a cross-over manner with 1 week washout
period. The test tablets were orally administered to the dogS:.8. Analyrical methods
The animals were deprived of any food after oral administration
of the tablets, until the last sampling time. However, they had. 8.7. Serum EPO analysis by ELISA

free access to water. Group 1 received one tablet (1001U/kg), The serum EPO level was determined by an ELISA method.
group 2 received one tablet (500 1U/kg), group 3 received fiverhe method involved the use of a standard EPO ELISA kit
tablets (100 1U/kg), group 4 received five tablets (500 1U/kg) andRoche Diagnostics GmbH, Germany). The kit was slightly
group 5 received five tablets (500 1U/kg) without any absorptionmodified in the case of calibration standard samples wherein the
enhancer. When five tablets were administered to the dog, th@e of ESPO (marketed EPOS used in the present study) at the
tablets were covered with pH-sensitive membrane of differengoncentration range as mentioned in the standard assay kit was
composition (two tablets with Eudragit L 100, one tablet with ysed. This was done in order to overcome any difference between
Eudragit L 100:Eudragit S 100, 90:10; two tablets with Eudragitthe supplied standard and the EPO used in the absorption stud-
L 100:Eudragit S 100, 80:20). These tablets were wrapped int@es. Accuracy of the standard concentrations was compared with
an Oblate film (PIP Health, Osaka, Japan) with little talc betweerhe standard concentration supplied along with the kit. Accu-
each tablet so that they do not stick with each other. racy level was found to be greater than 95%. All other reagents
Ablank blood sample (0.5 ml) was taken prior to the adminis-and procedure were used/carried out as mentioned in the supply
tration of the test formulations. All the experiments were carriednanual. The ELISA plate was placed on a plate-shaker, Titra-
out at the same time of the day to exclude the influence of cirmax 101 (Heidolph Instruments, Germany) and the ELISA plate
cadian rhythm. After oral administration of test formulations, was washed using a plate washer, Dia-washer Il (Dia-latron Co.
blood samples were collected from the jugular vein at 1, 2, 3| td., USA). Finally, absorbance was measured at 450 nm using
4,5 and 6 h intervals. In order to determine the bioavailability,a microplate reader (MTP-300 microplate reader, Corona Elec-
EPO solution was injected into the left jugular vein, at a dose ofric, Japan).
50 1U/kg. Blood samples were collected from the right jugular
vein at 2, 20, 40, 60, 120, 180, 360 and 480 min after adminy ¢ 5 rousurement of circulating reticulocytes

istration. The collected blood samples were allowed to clot by Circulating reticulocytes were measured using a previously

standing at room temperature and serum sample; were obtainpé:borted Miller techniqueBrecher and Schneiderman, 1950

by centrifugation at 12,000 rpm for 15 min at® using Kubota  pgriefly, 20,1 of the blood sample was stained with new methy-

1700 centrifuge (Kubot.a). The.serum samples were collectege plye Brecher, 1949 The mixture was allowed to stand

and stored at-80°C until analysis. for 10 min and was then placed on a glass slide and thin smears
were made and air-dried. The slide was placed under an optical

2.7. Pharmacodynamic studies of EPO after oral/L.v. microscope (Shimadzu, Kyoto, Japan) and reticulocytes were

administration of EPO test preparations to dogs counted under oil immersion objective and a<l€yepiece into

which a Miller disc was inserted. Twenty squares were counted

Adult male beagle dogs (11-12kg body weight) were fasted,q the reticulocytes percentage was calculated as follows:
overnight for at least 12 h with access to water ad libitdest

formulations were administered at 10:00 a.m. with 30 ml of luke-100 x reticulocytes in large squares
warm water in a cross-over manner with 1 week washout period. red cellsinsmallsquares9
The animals were served with a solid commercial meal (450 g),

at 4 h after oral administration of the test preparations. The ani2.9. Pharmacokinetic analysis

mals had free access to water throughout the experiment. Four

dogs were used as a group. Mucoadhesive tablets containing Pharmacokinetic parameters were determined from the
EPO were administered to dogs (five tablets of 500 IU/kg) everyserum EPO concentrations versus time data by a non-
day at 10:00a.m. for 6 consecutive days. Blood samples wergompartmental pharmacokinetic analysis method using Win-
collected in EDTA-2K coated sample tubes on every adminHARMONY software developed by u¥@shikawa et al., 1998
istration day at 4 h after oral administration of the tablet andThe maximum drug concentratiorCigax) and the time to
everyday at the same time for a further period of 4 days (totateach maximum concentratiofiax) were determined from the

(1)
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Fig. 3. Serum EPO level vs. time profiles following i.v. injection of EPO solution

Fig. 2. Serum EPO level vs. time profiles following intra-jejunum administra- 2)

tion of mucoadhesive tablets containing EPO (100 IU/kg) with Labrasol as ar‘50 IU/kg) to dogs. Each point represents the medhE. ¢ =
absorption enhancer (50 mg/tablet) to rats. Each pointrepresents thedBean

=9 Cra Of 24.6+ 4.1 mIU/mI with aTmay of 4.0+ 0.0 h Fig. 4).
authentic serum concentration—time data. The area under tif¥hen a single mucoadhesive tablet containing 500 1U/kg dose
plasma drug concentration versus time curve (AUC) after oraV@S administered to the dogs, th@nax was lowered to
administration was calculated using the linear trapezoidal ruld /-1 3.7 mlU/ml as shown irFig. 4. Increasing the number

up to the last measured drug concentration and the percent BX tablets to five per dog, while keeping the dose constant,
was calculated by using the following equation: showed aCiax Of 15.54+1.8 and 54.8: 9.0 mIU/ml with 100

and 500 IU/kg dose, respectivellfi§. 4). Next, absorption of

%BA — AUCoral % dosgy. % 100, (2) EPOwas also studied when an absorption enhancer was not for-
AUCiy.  dos@ral mulated. TheCmax in this case was 3548 3.8 mlU/ml (Fig. 5).
Administration of five tablets per dog with 500 IU/kg showed a
2.10. Statistical analysis significantly higher AUG_g of 94.2+ 17.5 mIU h/ml as com-

. . pared to single mucoadhesive tablet of the same dose which
All values are expressed as their meia8.E. Levels of sig-  showed an AUG g, of 36.44 12.8 mIU h/ml. Table 2shows

nificance were evaluated using Tukey’s test. the various pharmacokinetic parameters of EPO in dogs, calcu-
lated by non-compartmental pharmacokinetic analysis. Based
3. Results on these results, further pharmacodynamic studies were carried

out using a dose of 500 IU/kg divided into five tablets.
Absorption of EPO from the rat small intestine was studied
with a mucoadhesive tablet containing Labrasol as an absorption
enhancer, Sylysia 550 as an adsorbent and Carbopol 974P asa _ 70,

mucoadhesive agent. In the preliminary experiment, mucoadhe- € g |

sive tablets containing EPO was administered to the jejunum % 5

of the rat small intestine at a dose level of 1001U/kg, the = |

maximum serum EPO level was 76:80.0 mlU/ml. TheTmax % 40+

was found to be 3.&0.3h (ig. 2. Table 1shows the phar- o 30/

macokinetic parameters of EPO where the mean AUC was i 20

161.7+ 21.4 mIU h/ml. On the other hand, EPO solution was &

injected i.v. at 501U/kg, to another group of rats showed an £ 101

AUC of 1127.24-28.7 mIU h/ml Fig. 3). By comparing the two 0 4 ; A A . r '
AUC values, the mean BA of EPO was calculated to be 7.2% Time (h)

following intra-jejunum administration to the rat. Based on this

preliminary experiment we carried forward the study on beag|(§ig. 4. Serum EPO level vs. time profiles following oral administration of
dogs ! mucoadhesive tablets containing EPO with Labrasol as an absorption enhancer

L . . . . (50 mg/tablet) to each dog. (+) 100 IU/kg (single tablcl) 600 IU/kg (single
Oral administration of single mucoadhesive tablet containyapiet), (1) 100 1U/kg (five tablets) and () 500 IU/kg (five tablets). Each point
ing EPO at a dose level of 100 1U/kg to beagle dogs showed &presents the meanS.E. ¢ =3).

Table 1

Pharmacokinetic parameters of EPO following oral/i.v. administration of test formulations to rats

Dosage form Route Absorption enhancer Dose (IU/kg) Cmax (MIU/mI) Tmax (h) AUCo_gn (MIU h/ml) BA (%)
Tablet Intra-jejunum Labrasol 100 70469.0 3.3+ 0.3 161.7+ 21.4 7.2

Solution i.v. - 50 - - 1127.2 28.7 100
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Table 2

Pharmacokinetic parameters of EPO following oral/i.v. administration of test formulations to beagle dogs

Dosage form Route No. of tablets Absorption enhancer Dose (IU/kg)Crmax (mIU/ml) Tmax () AUCy_gh (mIU h/ml) BA (%)
Tablet Oral 1 Labrasol 100 246 4.1 4.0+ 0.0 72.7+ 14.9 21
Tablet Oral 1 Labrasol 500 174 3.7 4.0+ 0.0 36.4+ 12.8 0.2
Tablet Oral 5 Labrasol 100 1551.8 4.0+ 0.0 31.5+ 4.5 0.9
Tablet Oral 5 Labrasol 500 5448 9.0 40+ 0.0 94.2+ 17.5 0.6
Tablet Oral 5 - 500 35.& 3.8 3.7+ 0.3 101.9+ 23.1 0.6
Solution iv. - - 50 - - 1712.9 159.9 100

* p<0.05, significantly different from 100 IU/kg/5 tablets and 500 IU/kg/tablet.
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Fig. 5. Serum EPO level vs. time profiles following oral administration of five Fig. 7. Percent circulating reticulocytes in dog blood following oral adminis-
mucoadhesive tablets containing EPO (500 IU/kg) to each @)dA(th Labra- tration of five mucoadhesive tablets containing EPO (500 IU/kg) with Labrasol
sol as absorption enhancer (50 mg/tablet) akjdwithout absorption enhancer.  as an absorption enhancer (50 mg/tablet) for 6 consecutive days. Administration
Each point represents the mea$.E. ¢ = 3). days are indicated by arrow. Each point represents the m&aR. (1 =4).

Percent circulating reticulocytes studies was first carried out
in a control group of animals, which did not receive any EPO 4
dose or formulation, where no change in the circulating reticu-
locytes was observedig. 6). An increase in the circulating
reticulocytes was observed after mucoadhesive tablets were
administered to the dogs at a dose of 500 IU/kg. Percent cir-
culating reticulocytes increased from 0.9 to 1.6 on day 3, on day
5 the increase was 1.9 which was found to move upwards on
day 8 towards 2.7 after which a decrease in circulating reticu-
locytes was observedrig. 7). A positive control study carried
out following i.v. injection of 300 IU/kg for 3 consecutive days

% circulating reticulocytes
n

to beagle dogs showed higher circulating reticulocytes on day 1 2 3 4 5 6 7 8
T f T Time (days)
4 Fig. 8. Percent circulating reticulocytes in dog blood following i.v. administra-

tion of EPO solution (300 1U/kg) for 3 consecutive days. Administration days
are indicated by arrow. Each point represents the mearE. =4).

4 (1.6), which was sustained until day 5 following which a
decrease was observddd. 8).

T - e e - 4. Discussion

% circulating reticulocytes
n

Oral delivery of drugs is the most attractive route of admin-

1 2 3 4 5 6 7 istration. However, oral administration of protein and peptide
Time (days) drugs has not been an easy task. In our present study, we have

Fig. 6. Percentcirculating reticulocytes in dog blood (control group). Each poiniN@de an attempt to use a mucoadhesive tablet system with a uni-

represents the meanS.E. (= 4). directional release that is capable of delivering the drug intact
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to the small intestine. The use of Sylysia as an adsorbent for thebserved. The water-insoluble membrane along with some un-
absorption enhancer, Labrasol, has been recently reported frodissolved part of tablets was found in the feces and all the five
our laboratory o et al., 2005, in pregsPorous silicon dioxide tablets were separate. Higher ratio of Eudragit S 100 could also
particles are capable of holding Labrasol, whichis aliquid. How-be used however; it would lead to dissolving of the pH-sensitive
ever, the final formulation remains to be a powder. Based on odayer down the small intestine, say nearer to ileum, which was
past experience, we chose Labrasol as an absorption enhanoet desired. This was after our finding that jejunum is a better
in the present studyHaimtrakarn et al., 2002; Rama Prasad etabsorption site than ileum for EPMdnkatesan et al., 2005
al., 2004; Venkatesan et al., 2Q05he mucoadhesive tablet has The higher serum EPO level with single tablet administration of
been designed in such a way that the tablet is protected froh00 IU/kg dose could be attributed to better absorption from the
harsh GI conditions on the one side by a water-insoluble backablet in the presence of an absorption enhancer. The same dose,
ing membrane and the other side by a pH-sensitive coveringthen split between five tablets, the tablets after attaching to the
membraneKig. 1). The backing membrane is used to cover allintestinal wall release the drug and absorption enhancer at differ-
sides of the tablet except for the surfacial layer, which is covereént site in the intestine because of different pH-sensitive layers.
by the pH-sensitive layer. When the tablet is administered oralljHowever, in the case of five tablets, the dose is less between
the tablet passes through various stages and reaches the sneath tablet (ca. 20 IU/kg/tablet). As not all the drug is released
intestine intact. On reaching the small intestine, the pH-sensitivand or absorbed from the tablet, the serum EPO level within
layer made of Eudragit L/Eudragit S starts dissolving, where théhe study period was found to be less. This is the reason that
threshold pH of these enteric polymers are 6.0 and 6.8. Once thégherCmax Was obtained with 500 1U/kg/5 tablets system than
pH-sensitive layer is dissolved, the surfacial layer of the tableto 100 IU/kg/tablet system, though precise dose proportionality
containing Carbopol 974P is exposed, which being a mucoadwas not obtained.
hesive agent will help attach the tablet to the mucosal wall of The presence of an absorption enhancer did not increase the
the small intestine. Once, the tablet is attached to the intestingkerum EPO levels to a significant level. In spite of the absence of
wall, EPO is expected to be absorbed from the tablet. The presabrasol, serum EPO levels were achieved using the mucoadhe-
ence of absorption enhancer along with EPO is expected to kmve tablets. This clearly indicates that when a drug is delivered
released simultaneously from the porous silicon dioxide partivery close to the absorption site in a unidirectional way and if
cles which will help in the absorption of the protein drug. Thethe concentration of the drug is maintained without any dilu-
liquid filled microporous particles start to release the absorption or degradation at the absorption site due to intestinal fluids,
tion enhancer when in contact with the intestinal fluids. Theabsorption of the drug can be increased. Also Carbopol has an
released absorption enhancer is expected to increase the absapsorption promoter action and has been reported for the oral
tion of EPO either by membrane perturbation or by formationdelivery of protein and peptide drudgsahr et al., 1992; Lueben
of a microemulsionlfo et al., in presg the exact mechanism by et al., 1995, 1996; Bernkop-Schnurch and Gilge, 206f@w-
which absorption takes place is still not known. ever, with the use of an absorption enhancer, a synergistic effect
Administration of a single tablet at a dose of 100 1U/kg to could be obtainedWhitehead et al. (2004eported a similar
beagle dogs showed an increase in the serum EPO levels fisding recently.
compared to 500 IU/kg. This could be attributed to the reason Pharmacodynamic studies revealed that the orally adminis-
that when the tablet is attached to the intestinal wall, Carbopdiered mucoadhesive tablets showed a pharmacological effect.
whichis presentonthe surface of the tablet, swells and absorb tHene absorbed EPO was found to exert its pharmacological action
intestinal fluid and may retard the release of the drug and absorjin comparison to a control study where no EPO was administered
tion enhancer from the tablet as shown in our previous result® the dogs < 0.001). However, the pharmacological results
in gel-type gastro-intestinal patch systenverfkatesan et al., obtained with dogs treated with i.v. injection and those with oral
2005. Secondly, the increase in dose leads to higher concentraaucoadhesive tablets were similarq(0.05). This result is sur-
tion of the drug in a single tablet and this leads to intermoleculaprising as the relative bioavailability with an oral mucoadhesive
aggregation when a large molecule like EPO is released from thiablet was only 0.6%. The answer for this is presently not known
tablet, which might also lead to decreased serum EPO level witto us. The mucoadhesive tablets after loosing their mucoadhe-
higher dose. As 100 IU/kg showed good serum EPO levels, wsiveness might get detached from the intestinal wall and the
increased the dose to 500 IU/kg but distributed among five differtablet with the remaining unabsorbed drug passes through the
ent tablets (100 IU/kg/tablet). This lead to an increased serurileum and the large intestine where there is possibility of the
EPO levels. However, th€max was not as high as expected drug to be taken up. However, this needs to be verified scientifi-
with the increase in dose. Therefore, we decided to decrease tbelly. The water-insoluble film along with very little unabsorbed
dose back to 100 1U/kg though distributed among five tabletgortion of the tablet was seen during the fecal examination of
(201U/kg/tablet). However, this showed a decrease in serurthe dogs on the subsequent difaitani et al. (1996)eported
EPO levels as comparedto single tablet of 100 1U/kg. This was ithe oral administration of EPO containing liposomes where only
contrary to the results obtained with 500 1U/kg. In the case of fiveéwo of the five rats used showed an increase in circulating reticu-
tablets study, tablets were covered with different pH-sensitivéocytes. In the case of liposomal formulations the dose was very
layers. In this way, attachment of tablets among themselves wdsgh (8000—-25,000 IU/kg) and a single oral administration was
avoided when the pH-sensitive layer was dissolved. The nextarried out. Oral administration of mucoadhesive tablets for 6
day after administration of the tablets, the feces of the dogs wereonsecutive days showed pharmacological activity. The phar-
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macological activity of EPO following i.v. injection was short Krauland, A.H., Guggi, D., Bernkop-Schnurch, A., 2004. Oral insulin deliv-
lived in spite of three consecutive administrations. This clearly ery: the potential of thiolated chitosan-insulin tablets on non-diabetic rats.
indicates the need for a repeated administration to bring in an J- Control. Release 95, 547-555.

effective pharmacological activity. With the oral administration Lehr, C.M., Bouwstra, J.A., Kok, W., de Boer, A.G., Tukker, J.J., Verhoef,
P 9 Y- J.C., Breimer, D.D., Junginger, H.E., 1992. Effects of the mucoadhesive

of mucoadhesive table_ts it has been proved that oral route it§e.|f polymer polycarbophil on the intestinal absorption of a peptide drug in

has an advantage against i.v. therapy though repeated adminis-the rat. J. Pharm. Pharmacol. 44, 402-407.

tration may be required to bring in a pharmacological responsé-ueben, H.L,, de Leeuw, B.J., Langemeyer, M.W.E., de Boer, A.G., Verhoef,
However, the system needs drastic up gradation to bring into J.C., Junginger, H.E., 1996. Mucoadhesive polymers in peroral peptide

o t h that with | d d fi drug delivery. VI. Carbomer and chitosan improve the intestinal absorp-
use. Our system snows that wi ower dose and consecutive tion of the peptide drug buserelin in vivo. Pharm. Res. 13, 1668-1672.

administration, promising results can be obtained. Further mod-yeben, H.L., Verhoef, J.C., Borchard, G., Lehr, C.M., de Boer, A.G., Jungin-
ification and development of the present dosage form may lead to ger, H.E., 1995. Mucoadhesive polymers in peroral peptide drug delivery.
newer type of drug delivery system with the potential to deliver 1I. Carbomer and polycarbophil are potent inhibitors of the intestinal pro-

therapeutic protein and peptide drugs oraIIy. teolytic enzyme trypsin. Pharm. Res. 12, 1293-1298.
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