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Gastric retention time of single unit dosage forms in swine was found

to be much longer than in humans. It was concluded that swine are not a

good animal model to study GI transit time of nonerodable or slowly eroded

dosage forms. Noneradable and slowly eroded dosage forms used to study GI

transit were magnesium hydroxide and Motrin SR caplets. Radiodense

bismuth was incorporated into caplet formulations in amounts which showed

no interference with dissolution of Motrin SR. In vitro erosion studies

showed that even though ibuprofen does not dissolve (less than 6%

dissolved over 24 h) in gastric fluids, the caplet eroded in simulated

gastric fluid.

In order to prolong GI transit time of nonerodable or slowly eroded

dosage forms, polymers which are extensively used in the pharmaceutical

industry were studied for their hydration and bioadhesion properties. A

strong relationship between hydration and bioadhesion was found.

Excessive amounts of moisture present on tissue surfaces reduces

bioadhesive strength greatly. Hydration and bioadhesion were measured at

three different pH's (1.4, 5.5 and 7.2) which represent the pH of stomach,

saliva and duodenum, and small intestine. An in vitro bioadhesive test

was developed which measures surface "sticking" of polymer tablets to



swine gastric and intestinal tissue. Bioadhesive strength of polymers of

interest was compared with bioadhesive strength of commercially available

buccal tablets. Polymers which hydrated most quickly and adhered most

strongly to swine gastrointestinal tissue were identified.
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BIOADHESIVE POLYMERS IN DRUG PRODUCT FORMULATIONS

INTRODUCTION

In developing an oral controlled release dosage form it is necessary

to overcome the potential problems associated with oral drug

administration. Some of these may include the drug delivery system

itself, gastrointestinal transit time, and hepatic first-pass elimination.

Chapter I of this thesis deals with measurement of gastrointestinal

transit time of nonerodable dosage forms (magnesium hydroxide tablets) and

slowly eroded dosage forms (Motrin SR caplets) in animals. Chapters II

and III deal with hydration and bioadhesion of bioadhesive polymers which

are proposed as means to delay gastrointestinal transit of nonerodable

pharmaceutical dosage forms.



CHAPTER I

GI TRANSIT TIME OF NON-ERODABLE DOSAGE FORMS AND MOTRIN SR

IN CANINES AND SWINE
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INTRODUCTION

Transit of a drug formulation through the gastrointestinal tract can

have an important bearing on drug release and subsequent bioavailability

of the drug. The blood concentration versus time profile can be dependent

on factors such as gastric emptying time and intestinal transit time as

well as in vivo disintegration and dissolution characteristics of the

dosage form (1,2). Gastrointestinal transit time has always been a

limiting factor in designing oral sustained-release or controlled-release

products. High variations exist in human gastric emptying time.

Intestinal transit time is known to be less variable (3).

Usually dosage forms pass through the oesophagus, stomach and small

intestine in 6-8 h, but take longer with a full stomach (4). After this

time the dosage form will be in the large intestine, where absorption may

be limited because of a decreased tissue surface area, or mechanical

interference by colonic contents. Most dosage forms are emptied out of

the stomach within the first hour (5). Moreover, most absorption occurs

in the proximal part of the small intestine (6). Therefore, sustained

action dosage forms commonly pass the region of maximum absorption before

a significant amount of active ingredient is released.

Many studies have been carried out to determine the gastric emptying

time of food and various types of dosage forms. A high variation has been

observed in gastric emptying time of food because of the lack of "standard

meals". The gastric emptying rate is dependent upon the nature of food

ingested and varies a great deal from one study to another. Gastric

emptying half-lives of a solid meal ranging from less than half an hour to



4

over 4 h have been reported. The nature of emptying of fluid meals

differs from that of solid meals. A fluid meal is emptied by a first

order process and a solid meal is emptied by a zero order process (7, 8).

When a number of tablets were taken together, they did not leave the

stomach at the same time (9). Many methods have been utilized to

determine gastric emptying time and intestinal transit time of food and

dosage forms, along with in vivo disintegration and dissolution of tablets

and capsules. Among these are Roentgenography, Roentgenoscopy and

Scintigraphy. Roentgenoscopy was introduced in 1933 with barium sulfate

tablets and barium meals to follow the path of enteric coated sodium

salicylate tablets through the stomach and intestine (10).

Roengentnography or X-ray was first reported in 1936 (11), and was used

to follow the path of enteric coated tablets containing barium sulfate to

determine the disintegration time of these dosage forms in the GI tract of

human subjects (12,13). However, the minimum amount of barium sulfate

used in the formulation was 80% (14).

Information about drug release characteristics can be obtained from

in vitro dissolution tests, and dissolution data can be correlated with in

vivo release as determined by analysis of pharmacokinetic data (15). The

study of tablet dissolution in vivo utilizing X-ray requires small amounts

of radiopaque material, and incorporation of this foriegn material should

not interfere with formulation dissolution. Therefore, barium sulfate is

not suitable for in vivo dissolution studies. A small metal ring has been

used as a Roentgenoparent material (16). The tablet was attached to a

single string and a small metal ring was attached approximately 1.3 cm

above the tablet to aid in identification of the position of the tablet.
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These two methods, Roentgenography and Roentgenoscopy, are now most

commonly replaced by gamma scintigraphy to study gastric emptying time,

gastrointestinal transit time and drug release in vivo (17-21).

Sustained Released ibuprofen has recently been marketed. The tablet

is designed as a 190 mm x 96 mm x 82 mm caplet which does not change much

in the stomach and only slowly erodes in the intestine. Since ibuprofen

does not dissolve well in the stomach, gastric emptying time may determine

its onset of action. GI transit time and colonic absorption determine the

extent of absorption. The pharmacokinetics of sustained released

ibuprofen show a bimodal profile. Scintigraphy studies show that

sustained release ibuprofen tablets eroded slowly in the small intestine

and disintegrated rapidly in the large intestine resulting in a second

absorption peak (22, 23). This phenomenon may also occur if a compound

dissolves slowly in the stomach, which leads to slow absorption. When the

dosage form is emptied into the small intestine, the dosage form erodes

more quickly producing more rapid dissolution and leads to a second

absorption phase. If the position of a dosage form in the intestinal

tract as obtained from a radiograph can be correlated to plasma

concentration versus time data, then this would provide a better

understanding of in vivo dissolution.

Purposes of this study included:

1. Identification of radio-dense tracers which would allow x-ray

visualization of intact, eroding and disintegrated tablets in vivo without

influencing active ingredient release or dissolution characteristics.

2. Measurement of GI transit time in canines because they are

commonly used for bioavailability studies (24).
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3. Measurement of GI transit time in 130-150 lb swine because the

physiology is reported to be similar to man (25, 26).

4. Preparation of radiodense tablets containing ibuprofen with the

same dimensions and dissolution characteristics as Motrin SR.

5. Evaluation of gastrointestinal transit of Motrin SR in both canine

and swine.
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MATERIALS AND METHOD

Formulations:

1. Enteric coated non-disintegrating magnesium hydroxide tablets

containing gold (Table 1.1).

Magnesium hydroxide and gold granules were mixed and wet granulated

using 5% Carbopol 934 paste. The total amount of carbopol was then

adjusted to 4% by addition of dry Carbopol 934. The mixture was passed

through a sieve (#10) mesh before and after oven drying. Magnesium

stearate was added and the granules were compressed into 400 mg flat

surface tablets of 11 mm diameter and 3 mm height on a Carver Laboratory

Pressl. Tablets were then coated with enteric coated solution (Table 1.2)

by hand dipping.

2. Enteric coated non-disintegrating magnesium hydroxide tablets

containing bismuth (Table 1.3).

Tablets were made and coated by the method described above.

3. Motrin SR caplets containing bismuth.

Bismuth (15, 25, 50, 75, 100, 200, 250 or 400 mg) was mixed by

geometric dilution with sufficient Motrin SR formulation ready for

compression, Lot 2003, provided by the Upjohn Company, to a total of 1.1

g. The mixture was compressed into caplets at 4,000 lbs on a Carver

Laboratory Press using a punch and die which was hand tooled to produce

caplets of the same size and shape as Motrin SR (Table 1.4).

4. The same mixtures were also prepared by wetting the mixture with a

small amount of ethanol to ensure proper mixing. The wetted mass was

passed through a sieve (#40 mesh), air dried and sieved. The mixture was

compressed into caplets as described above.
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Table 1.1 Composition of non-disintegrating magnesium hydroxide tablet

formulation containing gold.

gold, 100 mesha

or

gold, 325 meshb

Carbopol 934c

Magnesium stearated

Magnesium hydroxidee q.s.

a Gold powder,
Milwaukee, Wis.

b Gold powder,
Milwaukee, Wis.

(6, 10, 12.5 or 25 mg),

(4 or 6 mg)

4 %

1.5 %

100 %

100 mesh, 99.999%, GOLD LABEL, Aldrich Chem. Co.,

325 mesh, 99.999%, GOLD LABEL, Aldrich Chem. Co.,

Carbopol 934, B.F. Goodrich Chemical Company, division of the B.F.
Goodrich, Co., Cleveland, OH.

d Magnesium stearate (purified) Fischer Scientific Co.

e Magnesium hydroxide



Table 1.2 Composition of enteric coating solution.

Hydroxypropylmethylcellulose phthalatea 7 g

Dibutylphthalateb 0.75 g

Methylene chloridec 12.5 mL

Methanold q.s. 40 mL

a Hydroxypropylmethylcellulose phthalate, Mallinckrodt, Inc., St.
Louis, MO.

MO.

b Dibutyl phthalate (butyl phthalate), Mallinckrodt, Inc., St. Louis,

c Methylene chloride, J.T. Baker Chemical Co., Phillipsburg, N.J.

d Methanol, J.T. Baker Chemical Co., Phillipsburg, N.J.

9



Table 1.3 Composition of non-disintegrating magnesium hydroxide tablet

formulation containing bismuth

Bismutha, granules

Carbopol 934

Magnesium stearate

Magnesium hydroxide q.s.

Wis.

10 mg

4 %

1.5 %

100 %

a Bismuth Powder, 99.9999%, GOLD LABEL, Aldrich Chem. Co., Milwaukee.

10



Table 1.4 Shape, size, and density of Motrin SR Upjohn and Motrin SR

caplets prepared at Oregon State University containing 100 mg

bismuth.

Motrin SR Motrin SR Bi

tablet length 1.906 1.962

tablet width 0.968 0.950

density 1.1 1.2

CM

CM

11
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Animal models

Canines:

Two canines have been utilized. Only very preliminary data have been

obtained in canines.

Subject 1: 6 yr old, female, Yellow Labrador Retriever, weighing

24 kg.

Subject 2: 7 yr old, intact male, Rhodesian Ridgeback Cross,

weighing 29 kg.

Canines were housed and taken care by the School of Veterinary

Medicine, Oregon State University.

Swine'

Young adult female Yorkshire swine weighing about 70 kg, (seven

different swine) were used. Swine were housed and taken care of by the

School of Veterinary Medicine, Oregon State University. The weight of the

animal was controlled by feeding 1 lb of dry chow2 twice a day at 8:00 am

and 4:30 pm.

In vitro studies

In Vitro Dissolution of Motrin SR provided by the Upjohn Company and

Motrin SR containing bismuth

In vitro dissolution employed the USP XX rotating basket. The

dissolution medium was enzyme-free simulated intestinal fluid which was

prepared by dissolving 6.8 g potassium phosphate monobasic3 in deaerated

deionized water and pH was adjusted to 7.2 ± 0.1 with 0.2 N sodium

hydroxide4. The basket was rotated at 150 rpm at 37 ± 1 °C. Samples of



13

dissolution medium were collected, with replacement, at 10, 20, 30, 45

min, 1, 2, 3, 4, 6, 8, 10, 12 and 14 h for determination of drug released.

Filtered samples were assayed for amount of ibuprofen released by uv

spectrophotometry at 221 nm.

In vitro dissolution was also performed in enzyme-free simulated

gastric acid, which was prepared by dissolving 2.0 g sodium chloride5 in

7.0 mL of conc HC16 and the volume was made up to 1 L with deaerated

deionized water and pH was adjusted to 1.4 ± 0.1. Collected samples were

analyzed as described above.

Erosion of Motrin SR caplets provided by the Upjohn company and Motrin SR

containing bismuth

Erosion of Motrin SR caplets was determined in enzyme-free simulated

gastric fluid using the USP XX rotating basket at 150 rpm under the same

conditions as in vitro dissolution described above. Width, length and

thickness of the caplets were measured at 1, 2, 4, 6, 12 and 24 h with a

vernier caliper. The volume of the caplets were measured at the same time

points by displacement of gastric fluid in a 15 mL graduated centrifuge

tube.

In vivo studies

In vivo study in canines

Enteric coated non-disintegrating magnesium hydroxide tablets

containing 25, 12.5 or 6 mg of gold were given to a 6 yr old, female,

yellow Labrador Retriever, weighing 24 lbs. The subject was fasted

overnight before administration and radiographs were taken at 0, 15, 30,

45 min, 1, 1.17, 1.5, 2, 2.5, 3, 3.5, 4.5, 6.5, 8.5, 24, 30 and 48 h. All
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radiographs? were taken in 2 positions, right lateral recumbent and

ventrodorsal recumbent, using a vertical X-ray beam at 300 mA, 76-82 KVP

and exposure time of 1/15 s.

Enteric coated non-disintegrating magnesium hydroxide tablets

containing 10 mg gold or 10 mg bismuth were also given to the same female

subject in a separate study, 3 weeks later. The tablet containing 10 mg

gold was administered at time zero after the survey radiograph, and the

tablet containing 10 mg bismuth was administered at 1.5 h. The subject

was fasted overnight and two cleansing enemas were given prior to the

study. The enemas given were warm tap water of a volume of 1 L, one in

the evening before the study, and another two hours prior to tablet

administration. Bowel movement was immediate. Radiographs were taken at

0, 30 min, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, and 8 h.

Two enteric coated magnesium hydroxide tablets containing 10 mg

bismuth were given concomitantly to a 7 yr old intact male Rhodesian

Ridgeback cross, weighing 29 kg. The subject was fasted overnight and

enemas given prior to the study as described earlier. One enteric coated

magnesium hydroxide tablet containing 10 mg bismuth was given at 0 time,

and a second tablet (same composition) was given 1.5 h after the first

tablet moved out of the stomach. Radiographs were made at 0, 30 min, 1,

1.5, 2, 2.5, 3, 4, 5, 6, 7, and 8 h.

A 1.2 g Motrin SR caplet containing 100 mg bismuth was given to the 7

yr old male canine. The subject was fasted overnight, but enemas were not

given. X-rays were taken at 0, 20, 40 min, 1.17, 1.67, 2.17, 3, 3.5, 5.5

h.
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In vivo study in swine

On one occasion, a 1.2 g Motrin SR caplet containing 100 mg bismuth

was given to a female Yorkshire swine (weight 150 lbs) along with about 8

oz of water, after 12 h fasting. The swine was restrained in a wooden

cage throughout the experiment. X-rays were taken at 0, 30 min, 1, 1.5,

2, 2.5, 3, 5, 6 and 22 h. Radiographs were made from 2 angles,

perpendicular to each other when the subject was lying in the cage. The

dorsoventral (vertical beam)8 was taken at 700 mA, 84 KVP and exposure

time of 0.05 sec at 40 inch Focal-Film Distance. The lateral view

(horizontal beam)9 was taken at 300 mA, 90 KVP and exposure time of 1/10

sec at 40 inch Focal-Film distance.

For all other studies, the subject was positioned in a nonstress

Panepinto sling10 (Figure I.1). Fasting, dosing, and X-ray conditions

were the same as above.
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Figure 1.1 Subject is restrained in Nonstress Panepinto Sling
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RESULTS AND DISCUSSION

Formulation

Barium sulfate is a radiopaque material used to study the

disintegration, dissolution or gastrointestinal movement of a tablet (10-

14). Tablets made of barium sulfate, being insoluble in both gastric

fluid and intestinal fluid, are used to follow passage of an intact tablet

through the GI pathway. The use of barium sulfate tablet or non-erodable

tablet provides information for in vivo GI transit of non-disintegrating

non-erodable dosage forms. Since the usual dosage form is either soluble

in gastric fluid or intestinal fluid, or slowly eroded, a tablet made of

barium sulfate does not reflect the behavior of a tablet containing

soluble active ingredient in vivo. In this study, the radiodence material

considered should have a high roengenoparent property (visible by mean of

x-rays) such that only small amounts of radiodense material would allow

visualization of the dosage form. Since only a small amount was to be

incorporated, it was anticipated that it would not interfere with

dissolution in vivo or in vitro. Gold and bismuth were selected because

of their low toxicity and high visibility on x-ray.

Magnesium hydroxide tablets containing either gold or bismuth were

radiographed to see if these metals would aid in visualization of the

dosage form in vivo. Both gold powder (100 mg) and bismuth powder (100

mesh) showed up on the radiograph with about the same intensity. Gold

powder of finer particle size (325 mesh) was also formulated. The wet

granulation method showed a more even distribution of gold or bismuth
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granules. Bigger particle sizes of gold or bismuth were better visualized

by x-ray than small particle sizes. Since both metal powders appeared

with equal intensity on radiographs, bismuth was chosen over gold because

it is more economical.

In vitro Dissolution of Motrin SR and Motrin SR containing bismuth

1.1 g Motrin SR caplets (Lot 2003, Upjohn Co.) were used as

commercially available controls for comparison to in vitro dissolution of

caplets containing bismuth. Motrin SR formulation without bismuth or gold

was compressed into a 1.1 g caplet using the Carver Laboratory Press to

determine the compression pressure which would yield a caplet with a

hardness close to that of Motrin SR 800 mg, Upjohn. The compression

pressure determined was 4000 lbs.

The mean percentage of released ibuprofen from caplets produced by

Upjohn and ones compressed at 4000 lbs at OSU are shown in Table A.1

(Appendix I) and dissolution profiles are shown in Figure 1.2. All

ibuprofen was completely dissolved within 14 h. Dissolution rate for

caplets compressed at 4000 lbs was similar to that of commercial caplets

(The Upjohn Company), but slightly faster. The t-test for independent

samples suggested a significant difference (p > 0.05) between percentage

released at 4 h (49% and 55%, caplets produced by The Upjohn Company and

ones compressed at 4000 lbs in our laboratory respectively). It is

unknown whether this difference at this specific time would correlate with

a significant difference in vivo. Caplets prepared later (by wetting with

ethanol) dissolved essentially the same as the Upjohn Motrin SR.

Caplets (1.1 g total weight, dry granulated) containing Motrin SR

formulation and different amounts of bismuth (15, 25, 50, 75, 100, 250 and
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400 mg) were tested for in vitro dissolution. Percentages of ibuprofen

released are shown in Figures 1.3-1.6. The percentages released at 4 h

(single point chosen for statistical comparisons) for 1.1 g caplets

containing 15, 25, and 50 mg bismuth were not significantly different from

the 1.1 g Motrin SR produced by Upjohn (Figures 1.3 and 1.4). The

percentage ibuprofen released from 1.1 g caplets containing 75 mg or

higher amounts of bismuth was significantly higher than that of the

control (Figures 1.4-1.6). The 1.1 g caplet containing 400 mg of bismuth

by weight (36%) allowed 100% dissolution within 3 h (Figure 1.6). This

may be due to a very low polymer-to-tablet weight ratio since all caplet

weights are the same but the amount of Motrin formulation (with polymer)

contained in each caplet decreased as the amount of bismuth increased.

The Motrin SR formulations containing bismuth as described above were

prepared by physically mixing bismuth with Motrin SR formulation by

geometric dilution. Radiographs of these caplets showed an uneven

distribution of bismuth granules in the caplets. Mixing was then modified

by wetting the mixture with a small amount of ethanol and passing the damp

mass through a sieve (#10 mesh) before and after air-drying, and then

compressing into a caplet. The dissolution profile of Motrin SR

containing 100 mg bismuth formulated by wet granulation is shown in Figure

1.6. There was no significant difference between this formulation and the

control. The amount of 100 mg bismuth was chosen, even though 15 mg of

bismuth could be detected easily in a canine , because the caplets were

also to be studied in vivo in swine. The tissue depth in swine is much

greater than in a canine due to the greater body size which requires

higher amounts of radiopaque material (Figures 1.8-1.10). Figures 1.8-
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Figure 1.3 Dissolution of ibuprofen (% release versus time profile) in simulated
intestinal fluid, U.S.P. pH 7.4.

o 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 15 mg Bi
1.1 g Motrin SR caplet containing 25 mg Bi
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Figure 1.4 Dissolution of ibuprofen (% release versus time profile) in simulated
intestinal fluid, U.S.P. pH 7.4.

o 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 50 mg Bi
1.1 g Motrin SR caplet containing 75 mg Bi
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Figure 1.5 Dissolution of ibuprofen (% release versus time profile) in simulated
intestinal fluid, U.S.P. pH 7.4.

0 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 100 mg Bi



120
110
100
90
80
70
60
50
40
30
20
10

0

TIME (H)
Figure 1.6 Dissolution of ibuprofen (% release versus time profile) in simulated

intestinal fluid, U.S.P. pH 7.4.
O 1.1 g Motrin SR caplet, Upjohn

1.1 g Motrin SR caplet containing 200 mg Bi
1.1 g Motrin SR caplet containing 250 mg Bi
1.1 g Motrin SR caplet containing 400 mg Bi
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Figure 1.7 Dissolution of ibuprofen (% release versus time profile) in simulated
intestinal fluid, U.S.P. pH 7.4.

0 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 100 mg Bi
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1.10 show typical radiographs of a Motrin SR caplet containing 300 mg Bi

in swine. Figure 1.8 was radiographed at time Zero immediately after

dosing, Figures 1.9 and 1.10 were taken at 9.5 and 14.5 h post dosing

respectively. The caplet has eroded and appeared to be smaller in size at

14.5 h resulting from erosion.

Erosion studies of Motrin SR caplets in enzyme-free simulated gastric

fluid showed that, even though ibuprofen dissolved very slowly in gastric

fluid (6% over 24 h, Figure 1.11), the caplet eroded more quickly. The

Motrin SR caplets provided by The Upjohn company and caplets containing

100 mg bismuth had no significant erosion up to 12 h (Figures 1.12-1.15),

but eroded rapidly thereafter. Such an erosion pattern is highly

desirable as it results in release of drug over time even if the tablet

becomes retained in the stomach. Released drug can flow into the

intestine where it can dissolve and be absorbed.

In vivo testing of different dosage forms

Canines were used as the preliminary animal model to determine

whether the dosage form containing radiodense material could be visualized

in vivo, because they are commonly used in bioavailability studies and are

easy to handle (24). The literature shows that dogs and humans have no

significant differences in gastric emptying time of Heidelberg capsules

(27). These capsules are about the same size (see Figure 1.16) and

density as motrin SR 800 (size, 20 x 8 mm and 19 x 10 mm; density, 1.6 and

1.1; respectively) and generally leave the stomach in less than 2 h in

humans. However, the average gastric emptying time in canine was somewhat

longer (99.8 min versus 59.7) and had a wider range (35.0 - 317 min versus

16 - 137 min).



Figure 1.8 Radiograph of Motrin SR caplet containing 300 mg bismuth in swine,
immediately after dosing. The caplet is in the stomach.



Figure 1.9 Radiograph of Motrin SR caplet containing 300 mg bismuth in swine,
9.5 h after dosing. The caplet had emptied out of the stomach and is
in the intestine.



Figure 1.10 Radiograph of Motrin SR caplet containing 300 mg bismuth in swine
14.5 h after dosing. The caplet is in small intestine and appears
smaller than in Figure 1.9 resulting fromerosion.
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Dissolution of ibuprofen (% release versus time profile) in
simulated gastric fluid, U.S.P. pH 1.2.

0 1.1 g Motrin SR caplet, Upjohn
1.4 g Motrin SR caplet containing 300 mg Bi
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Changes in width during erosion of Motrin SR caplet in enzyme-
free simulated gastric fluid

0 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 100 mg Bi



140

120

100

80

60

40

20

o
0

Figure 1.13

6

Changes in length during erosion of Motrin SR caplet in enzyme-
free simulated gastric fluid

0 1.1 g Motrin SR caplet, Upjohn
1.1 g Motrin SR caplet containing 100 mg Bi
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Figure 1.14 Changes in thickness during erosion of Motrin SR caplet in
enzyme-free simulated gastric fluid

0 1.1 g Motrin SR caplet, Upjohn
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Figure 1.16 Motrin SR caplet containing 100 mg bismuth; Motrin SR
caplet and Heidelberg capsule.
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The enteric coated magnesium hydroxide tablet was first chosen to

study the pattern of gastric emptying of single unit non-disintegrating

dosage forms.

Figure 1.17 shows transit times for the nondistintegrating dosage

forms in the 2 canines studied. Bar graphs represent the total time from

administration until in vivo disintegration or excretion. Horizontal

solid lines show the times at which radiographs were taken. Therefore,

when the bar graph first indicates that the tablet was in the intestine,

it actually had passed into the intestine before that time point, but

after the previous radiograph.

The first 5 bars from the left represent studies in the female canine

and bars 6-9 were studies in the male canine. Bars #1-#3 represent

concomitant administration of enteric coated, round, flat surface

magnesium hydroxide tablets to a female canine on one occasion after

overnight fasting. Bar #1 shows that a 400 mg enteric coated magnesium

hydroxide tablet containing 25 mg gold did not move out of the stomach

even 5 h after administration. A second tablet (Bar #2) was then

administered at this point and the third tablet containing 6 mg gold (Bar

#3) was administered one hour after the second tablet. All three tablets

showed up well on the radiographs. The intensities of tablets were

slightly different depending upon the amount of gold present. Water was

allowed 3.5 h after administration of the first tablet and food was

allowed prior to the administration of the third tablet. The subject was

taken for a walk between radiographs in an unsuccessful attempt to

stimulate gastrointestinal movement. Water and food seemed to have no

effect on gastric emptying. Twenty-five h post time zero, only one tablet
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Subiect 1 female canine

Bar #1 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 25 mg of gold powder

Bar #2 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 12.5 mg of gold powder

Bar #3 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 6 mg of gold powder

Bar #4 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 10 mg of gold powder

Bar #5 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 10 mg of bismuth powder

Subject 2 male canine

Bar #6 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 10 mg of bismuth powder

Bar #7 Enteric coated magnesium hydroxide, round flat surface, 400 mg

tablets containing 10 mg of bismuth powder

Bar #8 Enteric coated magnesium hydroxide 1.2 g caplet containing 100

mg bismuth

Bar #9 Motrin SR 1.2 g caplet containing 100 mg bismuth
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had moved out of the stomach and into the small intestine (Bar #1).

Thirty h post time zero, all three tablets were in the small intestine.

The literature has also shown that when a number of tablets were taken

together, they did not leave the stomach at the same time (9). The

experiment was repeated in the same subject after overnight fasting and

enemas prior to administration of the dosage form. Enteric coated

magnesium hydroxide tablets containing 10 mg gold or 10 mg bismuth were

given. The tablet containing gold was administered (Bar #4), followed by

the tablet containing bismuth (Bar #5) 1.5 h later. Both tablets remained

in the stomach up to 8 h after the first tablet was administered, and the

experiment was terminated at that time. In these two experiments on the

same subject, multiple enemas, exercise, water or food did not enhance

movement of the tablets out of the stomach. The GI transit time was quite

long in this particular subject (>30 h) based on the tablet retention time

in the stomach.

The experiment was also carried out in a male canine. The subject

was fasted overnight and enemas was given. An enteric coated magnesium

hydroxide tablet containing 15 mg bismuth was administered (Bar #6). One

and one half hours later the tablet had moved out of the stomach and was

found in the intestine. A second tablet containing 15 mg bismuth (Bar #7)

was administered after the first tablet was out of the stomach and 0.5 h

later it was found in the intestine. Six h after administration of the

first tablet, it reached the colon; the second tablet remained in the

intestine. Radiographs were taken up to 8 h and no further movement of

the tablets was observed. GI transit time in this subject was quite rapid

(<8 h to reach the colon). In study #8, a 1.2 g Mg(OH)2 caplet containing
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100 mg Bi coated with hydroxypropyl methylcellulose phthalate was

administered to the male dog after overnight fasting. When the radiograph

was taken 8 h postadministration, the tablet was out of the stomach and

found in the intestine. It passed out of the body at 23.5 hr when the

subject defaecated. The tablet was retrieved and washed. The tablet

appeared intact and weighed 1.24 g after drying.

In study #9, a 1.2 g Motrin SR caplet containing 100 mg bismuth was

given to this male subject when fasted overnight, and no enema was given.

The tablet reached the small intestine 2.8 h after administration and

appeared to begin to dissolve after 3.5 h, leaving a faint trail of

bismuth behind. Therefore, about 40 min after the Motrin SR caplet

reached the intestine, it began to dissolve. This experiment was

terminated at this point.

Gastric emptying time of the male canine (about one-half to three

hours, bars #6-#9) is somewhat similar to what has been reported in the

literature, but for the female canine gastric emptying (generally more

than 6-10 hours) is much longer than the reported emptying time. This

variation has not been pursued, but may show a need to use non-

disintegrating or standard dosage forms to establish base line information

in individual animals prior to testing products formulated for oral

controlled release products.

Magnesium hydroxide caplet GI transit in swine

Figure 1.18 shows GI transit time in swine of a magnesium hydroxide

caplet (density 1.5) containing 15 % Bi (Table 1.3), coated with

hydroxypropyl methylcellulose phthalate (Table 1.2). On only one out of

three occasions did the caplet (bar #1) empty from the stomach (about 31 h
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postadministration). In two other studies (bars #2 and #3) the caplets

remained in the stomach and started to dissolve after 5 days (-120 and 168

h). Caplets for the second and third studies were administered after

completion of the first and second studies respectively. Analysis of

these data show that the gastric retention time of a non-erodable non-

disintegrating dosage form is at least one and half days and sometimes it

is longer than 5 days in these swine. Magnesium hydroxide tablets, even

though enteric coated, cannot withstand breaking down, probably by gastric

enzymes. A non-erodable non-disintegrating dosage form that can be used

in this type of study to stay intact in the GI tract for a longer period

of time would be nontoxic plastic or polymer tablets.

Motrin SR Bi caplet GI transit in swine

Figure 1.19 shows the GI transit time in swine of Motrin SR caplets

containing 1.1 g Motrin SR formulation and 100 mg or 300 mg of bismuth

granules. The caplets were either uncoated or coated with ethyl

cellulose. The caplet was administered to an overnight fasted swine with

approximately 3 oz. of water. Radiographs were taken at different time

intervals.

Bar #1 shows the GI transit time of a 1.2 g uncoated Motrin caplet of

density 1.2 containing 100 mg Bi, which has the same dissolution pattern

as Motrin SR caplets produced by The Upjohn Company. The caplet remained

in the stomach 6 h postadministration, and had passed into the small

intestine before 23 h. Radiographs were not taken between 6 and 23 h.

The caplet appeared to begin to disintegrate at 30 h. Bar #2 shows the GI

transit time of a 1.4 g uncoated Motrin SR of density 2.0 caplet

containing 300 mg Bi. The amount of bismuth was increased to aid in
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visualization of the intact tablet and dissolved particles. The caplet

passed out of the stomach and into the intestine before the second

radiograph was taken (9.5 h postadministration). The tablet was still in

the small intestine at 14.5 h and had started to dissolve as it appeared

smaller in size (Figures 1.8-1.10).

Bar #3 show the behavior of coated 1.4 g Motrin SR caplet containing

300 mg Bi. When the uncoated Motrin SR caplet was given, it started to

dissolve before 8 h within the stomach and was completely dissolved at 24

h since no intact mass was observed on the radiograph. The coated caplet

was anticipated to behave the same as a Magnesium hydroxide caplet and

stay in the stomach longer than the uncoated caplet. Therefore no

radiographs were taken until 24 h. The radiogragh at 24 h shows that the

caplet had already emptied out of the stomach, into the intestine and had

started to dissolve. The in vitro dissolution study showed that uncoated

caplet (containing or not containing Bi) started to dissolve very slowly

in simulated gastric fluid (Figure 1.11). For coated tablets, the coating

started to break up and the caplet slowly dissolved at about 24 h in

simulated gastric acid in vitro.

Bar #4 shows similar results to bar #3, the caplet administered was

uncoated 1.2 g Motrin SR containing 100 mg Bi. The caplet appeared

smaller at 8 h and was in the small intestine. Since the radiographs were

taken more often than on other occasions, caplet erosion can be observed

at about 8 h. Bar #5 represents the GI transit time of uncoated Motrin SR

caplet containing 300 mg Bi. The caplet was out of the stomach and in the

small intestine before 8.5 h. It was smaller at 13.5 h, probably because

the caplet started to erode. At 14.5 h the caplet may be in the colon.
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Although radiographs were taken at two perpendicular views, lateral and

anterior, the exact position of the caplet cannot be accurately

determined.

From these observations the gastric emptying time of Motrin SR is

variable from 8 h to over 24 h in swine.

Bars #6-#8 represent GI transit time of uncoated Motrin caplet

containing 100 mg Bi in the same female swine. The caplet was

administered and radiographs taken immediately after administration and at

12 h and 24 h. Another caplet was administered on completion of

dissolution of the previous caplet. Caplets appeared intact and remained

in the stomach at 12 h. On all three occasions the caplets were

completely dissolved and no intact mass was observed at 24 h. Bars #9-

#11 show GI transit time of the same formulation in a different female

swine. The caplets appeared smaller on two occasions at 12 h and they

were also completely dissolved at 24 h. These results suggest that Motrin

SR caplet behaviour in a gastric environment has low variation within a

subject (figure 1.19).

From the above results, gastric emptying time in swine for non-

erodable tablets (magnesium hydroxide tablet) are much longer than in

canines or humans. The gastric emptying time for Motrin SR Bi uncoated

tablet in swine was -13.6 h (8.5 to >24 h). Because swine have a long

gastric emptying time, the uncoated Motrin SR tablet slowly dissolves in

gastric fluid in vivo. We have also shown that Motrin SR slowly dissolves

(Figure 1.11) and erodes (Figure 1.12-1.15) in vitro in gastric fluid.

These data suggest that some erosion and dissolution of Motrin SR is

necessary before the tablet will leave the stomach of swine. The
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ibuprofen released may stimulate the stomach to sweep out the remaining

caplet into the intestine. In a recent study by Shiu et. al., it is

reported that mini-swine are not a good animal model to study

bioavailability of controlled-release Theophylline (28). In our

laboratory, a separate study of gastric emptying of non-erodable polymer

(plastic) dosage forms of about the same shape, size and density as Motrin

SR caplet showed very long gastric emptying times, with high variations,

in both intersubject and intrasubject.
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CONCLUSIO1S

Bismuth or gold (100 mesh) can be used as radiodense materials in

dosage forms to follow passage through the gastrointestinal pathway, to

determine gastric emptying time, or to study in vivo disintegration. Up

to 10 % of these materials can be added to the formulation without

interfering with in vitro dissolution of the dosage form.

Both canines and swine have high intersubject variation in gastric

emptying time of non-disintegrating single unit dosage forms. Since

gastric emptying time of single unit dosage forms in swine is much longer

than that of humans, swine are not good animal models for bioavailability

study of slow dissolving, non-disintegrating dosage forms.
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ENDNOTES

1. Carver Laboratory Press, Model B, Fred S. Carver Inc., Hydraulic
equipment, Summit, N.J.

2. Murphy Feed (Hog Ration 14) diet, consists of protein (minimum) 14.0
%, fat (minimum) 3.5 %, fiber (maximum) 7.0 %, moisture (maximum) 12.0 %
and added minerals (maximum) 2.0 %.

3. Potassium phosphate monobasic, crystals, Mallinckrodt, Inc., St.
Louis, MO.

4. Sodium hydroxide U.S.P. Pellets, Mallinckrodt, Inc., St. Louis, MO.

5. Sodium Chloride

6. Hydrochloric acid, J.T. Baker Chemical Co., Phillipsburg, NJ.

7. Transworld X-ray system Model 325V

8. General Electric DXR 1050 X-ray machine, General Electric

9. Fischer X-ray Mobile Unit Type 41261G, Fischer Scientific.

10. Panepinto sling, Department of Physiology and Biophysics, College of
Veterinary Medicine and Biomedical Sciences, Colorado State University,
Fort Collins, CO.
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CHAPTER II

HYDRATION OF BIOADHESIVE POLYMERS
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INTRODUCTION

In developing an oral controlled release dosage form it is necessary

to overcome potential problems associated with oral drug administration,

some of which include:

1. Drug delivery system

Development of a drug delivery system which is capable of

administering a therapeutic agent at a desired rate for a duration

required for optimal treatment.

2. Gastrointestinal (GI) transit time

Prolongation of the gastrointestinal residence time so the drug

will reside in the vicinity of the site of absorption for a sufficiently

long period of time for complete dissolution and complete absorption.

3. Hepatic first-pass elimination

For a drug that is subjected to an extensive hepatic first-pass

elimination, the dosage form should be designed to overcome this problem.

Drugs which are good candidates for controlled release delivery

systems are those which have relatively short biological half-lives,

usually of 2-8 h, and have a limited solubility in the stomach or

intestine, such that a delay in gastric emptying would affect

bioavailability. A delay in gastric emptying may increase the

bioavailability of drugs which have a specific window of absorption which

includes an active, saturable process.

The GI transit time of humans from mouth to colon is about 8-10 h (1)

and most dosage forms are emptied out of the stomach within the first

hour. Moreover, most absorption occurs in the proximal part of the small
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intestine (2). Therefore, the dosage form passes the region of maximum

absorption before a significant amount of active ingredient is absorbed.

Many approaches have been suggested to extend gastrointestinal

transit. One approach involves utilizing the effects of density of dosage

forms, with both high and low densities being proposed as useful (3-5).

Another approach to extend gastric emptying time is making use of a

floating single unit or the Hydrodynamically Balanced System (HBS) (6,7).

HBS was reported to be retained in the stomach for a much longer period of

time than conventional tablets swallowed concurrently, and gastric

retention of the capsule studied was up to 6 h. In a study of floating

and nonfloating tablets (8), gastric emptying of floating tablets

containing hydroxypropylmethylcellulose (HPMC) and a floating capsule

containing alginate passed out faster when administered on an empty

stomach than when given after a light breakfast. Rapid emptying of a

single unit from the fasted stomach may be due to strong activity of the

Migrating Myoelectric Complex (MMC) or "Housekeeper wave" which occurs

approximately every one and a half or two hours on an empty stomach (2).

Thus, dosage forms will leave a fasted stomach unpredictably, according to

the timing of MMC regardless of dosage form density.

Another suggestion to delay gastric emptying includes bioadhesives.

Bioadhesives absorb water and "stick" to cell surfaces which might retain

the dosage form for a long enough duration for complete drug absorption.

The significance of water absorption by bioadhesives is two fold. Water

absorbed is reported to be related to adhesiveness of polymers (1, 9-11),

and aids in drug release from dosage forms. However, when polymers absorb

water, liquid penetration into glassy polymer causes transition from the
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glassy to the rubbery state (12, 13). This rubbery phase, a gel-like

consistency at the surface of the tablet, aids diffusion of drug molecules

from a polymer matrix. This gel also serve as a barrier to drug

diffusion. In uncrosslinked polymers, this swollen gel phase dissolves.

If the polymer is crosslinked, the gel swells to some equilibrium state.

There is a decrease in mechanical strength and increase in permeability in

the swollen region (13). The higher the viscosity grade of polymer, such

as HPMC and HPC, the slower the rate of drug release (14).

The ideal bioadhesive polymer intended to be used orally to extend GI

transit time might be one with good cohesion that swells very quickly to a

size that would be too large to pass through the pyrolic sphincture during

propulsion by Myoelectric Migrating Complex (MMC) or "housekeeping wave".

Combination of these two properties (swelling and bioadhesion) is

anticipated to achieve prolonged residence of dosage form in the stomach.

On the other hand, a bioadhesive polymer intended to be used in a buccal

dosage form is one that does not swell to cause discomfort, but does stick

to oral mucosa strongly enough to retain the dosage form in place. It

should not bind so strongly that it causes mucosal irritation or blisters.

The long term objective of this laboratory is to design a

commercially useful dosage form which resides in the stomach or upper part

of the intestine long enough to completely deliver a medicament for once-

a-day dosage. Preliminary obectives for this thesis research were to

evaluate water absorption and swelling of polymers of interest.
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MATERIALS AND METHODS

Materials

1. Carboxymethylcellulose sodium saltl

a. medium viscosity (viscosity of 2% aqueous solution at 25

°C is 400-800 centipoises)

b. high viscosity (viscosity of 2% aqueous solution at 25 °C

is 1500-3000 centipoises)

2. Hydroxypropylmethyl cellulose2

a. low viscosity (viscosity of 2% aquoeus solution is 80-120

centipoises)

b. high viscosity (viscosity of 2% aqueous solution is 4000

centipoises)

3. Poly(ethylene oxide)3

a. average molecular weight 600,000

b. average molecular weight 5,000,000

4. Carbopol 934P Pharmaceutical grade4

5. Carbopol 934 sodium salt5

6. Polycarbophil6

7. Hydroxypropyl cellulose7

a. average molecular weight 100,000

b. average molecular weight 300,000

c. average molecular weight 1,000,000

8. Xanthan gum8

All compounds were used as recieved.
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Determination of hydration of polymer powder

500 mg of polymer powder was allowed to hydrate in 25 ml of phosphate

buffer pH 5.5 in a 25 ml graduated cylinder. The volume of the hydrated

polymer was measured at different time intervals and plotted versus time.

Dynamic swelling of polymer tablet

500 mg tablets of different polymers were made by direct compression

at 4,000 lbs, using a Carver Laboratory Press model B9 into round, flat

surface tablets of 11 mm diameter. Dynamic swelling was studied by

allowing initially dry 500 mg tablets to swell by immersing the tablet in

3 different pH buffer solutions at 37 ± 1 °C. pH values tested were 1.4,

5.5 and 7.2 which represent the pH of stomach, duodenum or saliva, and

small intestine (ileum) respectively. The tablet was secured in a basket

(Figure II.1) made of 28G wire10 .

Tablets were suspended submerged in an excess of test medium (35 ml)

in a plastic vessel, removed at various time intervals and weighed, and

then returned to the test solution to continue swelling. The weight

gained by the tablet was plotted as g of water/g of polymer versus time.

Calculation:

tablet weight a g

tablet + wire basket weight b g

weight of tablet after suspension in buffer solution at time t = c g

g water/ g polymers (c - b)/a



Figure II.1 500 mg flat surface polymer tablet secured in a basket made of wire
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RESULTS AND DISCUSSION

Hydration of polymers

Swelling of polymer powders

Figures 11.2 and 11.3 show the volume of 500 mg powder hydrated in a

25 mL graduated cylinder at pH 5.5 versus time at 37 °C. At 6 h

polycarbophil appeared to hydrate to about 5.5 times its original volume,

whereas it was reported to swell up to 44 times (1). Some of the swollen

polymer dissolved in the medium, thus visualization of the separation

manicus was difficult to determine. The use of color (safranin) as a

visual aid was added without success. Therefore, determination of polymer

swelling was evaluated by weight gain of polymer tablets.

Dynamic swelling of polymer tablets

When a 500 mg round, flat surface tablet was allowed to swell freely

in a plastic vessel containing excess of buffer solution, all polymers

tested began to absorp water quickly. The amount of water absorbed per g

of polymer versus time curves are shown in Figures 11.4 - 11.16. Swelling

profiles were are on the same scale for ease of comparison. Each point on

the line represents an average of two observations. The ending of a line

before 24 h represents tablet falling from the wire basket (see Figure

II.1). The swelling of some polymers tested was pH independent. Such

polymers are hydroxypropylmethyl cellulose (HPMC) both low and high

viscosity (Figures 11.4 and 11.5), hydroxypropyl cellulose (HPC), mol.wt.

100,000; 300,000 and 1,000,000 (Figures 11.6, 11.7 and 11.8 respectively),

polycarbophil (Figure 11.9) and polyethylene oxide (PEO) mol. wt. 600,000

and 5,000,000 (Figures II.10 and II.11). Others are pH dependent, such as
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Figure 11.2 Dynamic swelling of 500 mg polymer powder; carboxymethyl cellulose
high viscosity (D) and medium viscosity (), hydroxypropyl
methylcellulose low viscosity 00 and high viscosity (ft); hydrated in
a 25 mL graduated cylinder at pH 5.5 versus time at 37 °C
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Figure 11.3 Dynamic swelling of 500 mg polymer powder; (0) carbopol 934P, (0)
polyethylene oxide m.w. 600,000, and (s) polycarbophil; hydrated in a
25 mL graduated cylinder at pH 5.5 versus time at 37 °C



16

14

12

(1) 10

E

6 8
a

6
L.

a)4)
0

0)

4

2 4 6 8 10 12 14

hour
16 18 20 22 24

Figure 11.4 Dynamic swelling of 500 mg hydroxypropylmethylcellulose (low
viscosity, 80-120 cps at 2% solution) round, flat surface tablet when
completely immersed in 350 ml of buffer solution pH 1.4 (A), 5.5 (U)
and 7.2 OW.
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Figure 11.5 Dynamic swelling of 500 mg hydroxypropylmethylcellulose (high
viscosity, 4,000 cps at 2% solution) round, flat surface tablet when
completely immersed in 350 ml of buffer solution pH 1.4 (A), 5.5 ()
and 7.2 (U).
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Figure 11.6 Dynamic swelling of 500 mg hydroxypropylcellulose (average mol. wt.
100,000) round, flat surface tablet when completely immersed in 350
ml of buffer solution pH 1.4 (A), 5.5 () and 7.2 (U).
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Figure 11.7 Dynamic swelling of 500 mg hydroxypropylcellulose (average
mol. wt. 300,000) round, flat surface tablet when completely
immersed in 350 ml of buffer solution pH 1.4 (A), 5.5 () and
7.2 (U).
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Figure 11.8 Dynamic swelling of 500 mg hydroxypropylcellulose (average mol. wt.
1,000,000) round, flat surface tablet when completely immersed in 350
ml of buffer solution pH 1.4 (A), 5.5 (S) and 7.2 (s).
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Figure 11.9 Dynamic swelling of 500 mg polycarbophil round, flat surface tablet
when completely immersed in 350 ml of buffer solution pH 1.4 (A), 5.5
() and 7.2 (U).
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Dynamic swelling of 500 mg polyethylene oxide (average mol.wt.
600,000) round, flat surface tablet when completely immersed in
350 ml of buffer solution pH 1.4 (A), 5.5 () and 7.2 M.



16

I I

0 2 4 6 8 10 12 14

Figure 11.11

hour
16 18 20

I I

22 24

Dynamic swelling of 500 mg polyethylene oxide (average mol. wt.
5,000,000) round, flat surface tablet when completely immersed
in 350 ml of buffer solution pH 1.4 (A), 5.5 (0) and 7.2 (S).
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Figure 11.12 Dynamic swelling of 500 mg xanthan gum round, flat surface
tablet when completely immersed in 350 ml of buffer solution pH
1.4 (A), 5.5 (0) and 7.2 (C.
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xanthan gum (Figure 11.12), carbopol 934P, sodium carbopol (Figures 11.13

and 11.14), and carboxymethylcellulose medium and high viscosity (Figures

11.15 and 11.16). For pH dependent polymers, the polymers absorbed more

solution and expanded more at higher pH. For carbopol 934P (Figure

11.13), the polymer absorbed more solution much quicker at higher pH. At

12 h the amount of water absorbed at pH 7.2 was twice as much as absorbed

at lower pH (pH 1.4) and the expanded form softened such that the tablet

fell from the wire basket at 12 h. Thus carbopol may be useful for

tablets which should resist disintegration in the stomach, but

disintegrate in the intestine following 8-12 h depending on amount

present.

The polymers tested have different rates of water uptake, and

somewhat different swelling behavior. Some of the polymers absorbed water

and become swollen or expanded to a larger size but retained the tablet

shape, e.g. polycarbophil and carbopol 934P (Figures 11.9 and 11.13).

This may be due to excellent polymer cohesion and equal expansion in all

three dimensions. Some polymers absorbed water and expanded to a larger

size without retaining the original tablet shape but formed a sphere

instead, for example carboxymethylcellulose (CMC, Figures 11.15 and

11.16). Some polymers absorbed water and produced a rubber gel which

slowly eroded away, constantly exposing a new surface on the "glass core"

to the solution. When the erosion rate was equal to the weight gained by

water uptake, then the weight of the tablet stayed constant e.g. HPC 300K

and HPC 1M (Figures 11.7 and 11.8, respectively). When the erosion rate

is higher than the water uptake, the swelling (g water/g polymer) profile

descended (PEO 600K, Figure 11.10). Some polymers absorbed water to form
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Dynamic swelling of 500 mg carbopol 934P round, flat surface
tablet when completely immersed in 350 ml of buffer solution pH
1.4 (A), 5.5 () and 7.2 (s).
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Dynamic swelling of 500 mg sodium carbopol 934 round, flat
surface tablet when completely immersed in 350 ml of buffer
solution pH 1.4 (A), 5.5 (0) and 7.2 (D).
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Dynamic swelling of 500 mg carboxymethylcellulose (medium
viscosity, 400-800 cps at 2% solution) round, flat surface
tablet when completely immersed in 350 ml of buffer solution pH
1.4 (A), 5.5 (S) and 7.2 (U).
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Dynamic swelling of 500 mg carboxymethylcellulose (high
viscosity, 1,500-3,000 cps at 2% solution) round, flat surface
tablet when completely immersed in 350 ml of buffer solution pH
1.4 (A), 5.5 (0) and 7.2 (U).
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a rubber surface which served as a barrier for water penetration, and at

the end of 24 or 48 h a "glass core" can still be seen, for example HPMC

low molecular weight (Figure 11.4).

Among the polymers tested, CMC high viscosity absorbed the highest

amount of solution and swelled to the largest size in pH 1.4 simulated

gastric fluid for up to 9 h. Then the rubber surface softened and eroded.

Falling of the tablet at 12 h did not represent a disintegration of the

tablet, but the rubber gel was too soft to be held on the wire basket.

Therefore, it is anticipated that if CMC high viscosity would swell in the

stomach to a large enough size to withstand the MMC, and if it has good

bioadhesion, then with these two properties combined this polymer would be

retained in the GI tract longer than most dosage forms.

A polymer that does not swell in water but has good bioadhesion would

have potential to be used in a buccal dosage form. Among these polymers

tested, HPC 100K (Figure 11.6) did not swell during water absorption. In

fact, it slowly eroded because of lack of good cohesion. HPC 300K and

HPMC low viscosity (Figures 11.7 and 11.4), on the other hand, absobed a

little more water than HPC 100K and swelled to a larger size, but have

good cohesion and stayed intact in the wire basket for over 24 h. HPC

300K appears promising for buccal tablets.

The addition of a water soluble channeling agent such as sodium

carbonate had no effects in drawing solution into tablets or facilitating

rate or extent of swelling of the polymers in gastric acid (Figure 11.17).

Sodium carbonate did dissolve (as expected) and produce carbon dioxide

which gave a bouyant effect to the tablet. At the end of 4 h, when sodium

carbonate was completely dissolved, the tablet ceased to float in the
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Dynamic swelling of 500 mg carbopol 934P round, flat surface

tablet containing different amount of sodium carbonate when
completely immersed in 350 ml of simulated gastric fluid pH 1.4.



80

solution. The use of sodium bicarbonate resulted in a similar findings

(13). A mixture of carbopol 934P and sodium carbonate would be expected

to be retained in the stomach as long as the HBS system (HPMC) which

floated for 6 h (6,7).

Dynamic swelling of mixtures of pH independent (hydroxypropyl

cellulose, mol. wt. 300,000) and pH dependent (carbopol 934P) polymers are

shown in Figures 11.18-11.21. The combinations showed the same pH

dependency as carbopol 934P alone. As the amount of carbopol 934P was

increased the mixture absorbed more solution. This was also true in a

different combination of pH independent (hydroxypropylmethyl cellulose,

low viscosity) and pH dependent (carboxymethylcellulose, high viscosity)

polymers in pH 5.5 (Figure 11.22). These combinations were studied after

the in vitro testing of bioadhesion results were obtained (Chapter III)

which shows that carboxymethyl cellulose had the strongest bioadhesion

among the polymers tested. Carboxymethyl cellulose may be used in oral

dosage form which adhere to the gastric mucosa and swell to the size large

enough to withstand the Migrating Myoelectric Complex or houseskeeper

wave. The combination which adhere well to oral mucosa and does not swell

too much to cause discomfort would be useful in buccal dosage form. The

addition of hydroxypropylmethyl cellulose also increased the cohesion of

the tablet, since carboxymethyl cellulose alone fell from the wire basket

after 12 h of hydration, which make the combination a good candidate for

twice-a-day or once-a-day controlled release dosage form. These

combinations appear to be useful as polymer matrix for buccal dosage form

because they adhere well to the tissue and did not swell as much as

carboxymethyl cellulose.
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Dynamic swelling of 500 mg of mixture of
hydroxypropylcellulose and carbopol 934P (50:50) round, flat
surface tablet when completely immersed in 350 ml of buffer
solution pH 1.4 (A), 5.5 () and 7.2 (U).
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Dynamic swelling of 500 mg of mixture of
hydroxypropylcellulose and carbopol 934P (75:25) round, flat
surface tablet when completely immersed in 350 ml of buffer
solution pH 1.4 (A), 5.5 (0) and 7.2 M.
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Dynamic swelling of 500 mg of mixture of
hydroxypropylcellulose and carbopol 934P (85:15) round, flat
surface tablet when completely immersed in 350 ml of buffer
solution pH 1.4 (A), 5.5 () and 7.2 (U).
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Dynamic swelling of 500 mg of mixture of
hydroxypropylcellulose and carbopol 934P (95:5) round, flat
surface tablet when completely immersed in 350 ml of buffer
solution pH 1.4 (A), 5.5 (0) and 7.2 ().
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Dynamic swelling of 500 mg round, flat surface of a different

combination of hydroxypropylmethylcellulose and
carboxymethylcellulose tablet, (A) 50:50, () 75:25, (M) 85:15,

(v) 95:5 respectively, when completely immersed in 350 ml of

buffer solution pH 5.5.
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CONCLUSIONS

Hydration of polymers of interest were determined. Polymers which

swell the most (CMC high viscosity) and the least (HPC 300K and HPMC low

viscosity) were selected for further study as potential polymers to be

used in controlled release dosage forms to extend GI transit time or

function as buccal controlled release dosage forms respectively.
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ENDNOTES

1. Sigma Chemical Co. Ltd., St. Louis, MO.

2. Aldrich Chemical Company, Inc. Milwaukee, Wis.

3. Aldrich Chemical Company, Inc. Milwaukee, Wis.

4. The BF Goodrich Company Chemical Group, Cleveland, OH.

5. The BF Goodrich Company Chemical Group, Cleveland, OH.

6. Recieved as gift from The Upjohn Company, Kalamazoo, MI.

7. Aldrich Chemical Company, Milwaukee, Wis.

8. Sigma Chemical Co. Ltd., St. Louis, MO.

9. Carver Laboratory Press, model B, Fred S. Carver Inc., Hydraulic
equipment, Summit, NJ.

10. 28G wire, The Beadery, Hope Valley, RI.
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CHAPTER III

BIOADHES IVE POLYMERS
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INTRODUCTION

Transit time of a drug formulation through the gastrointestinal tract

can have an important bearing on drug release and subsequent

bioavailability of drug. The resulting blood concentration versus time

profile can depend on factors such as gastric emptying time and intestinal

transit as well as in vivo disintegration and dissolution characteristics

of drug from the dosage form. Drugs which are good candidates for

controlled release delivery systems are those which have relatively short

biological half-lives, usually of 2-8 h, and have a limited solubility in

the stomach or intestine, such that a delay in gastric emptying would

affect bioavailability. A delay in gastric emptying may increase

bioavailability of drugs which have a specific window of absorption that

includes an active, saturable process. GI motility usually removes such

drugs (which have small absorption rate constants) from the proximal small

intestine before a significant amount is absorbed (1). For these reasons,

a better understanding of gastric emptying time and patterns may enable us

to design a drug delivery system that would prolong gastric residence time

and ensure complete bioavailability of products dosed once-a-day.

Oral controlled release drug delivery systems do not stay in the

stomach or small intestine long enough to deliver drug completely in those

areas. GI transit time of humans from mouth to colon is about 8-10 h (2)

and most dosage forms are emptied from the stomach within the first hour.

Moreover, most absorption for immediate release dosage forms is reported

to occur in the proximal part of the small intestine (1), but most of a

sustained action dosage form has passed this absorption region before the
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majority of drug is released. Since bioavailability is complete from many

prolonged release dosage forms, one must conclude that many drugs are

absorbed from the ascending, transverse or descending colon. It would be

best to not depend on such absorption since colonic absorption may be much

slower or less complete than in the small intestine, due to decreased

tissue surface area, pasty contents, and highly variable transit times.

Further, GI transit time generally prevents once-a-day dosage of prolonged

release dosage forms designed to release drug over 24 h because the dosage

form is removed before bioavailability is complete.

Many approaches have been suggested to extend gastrointestinal

transit time for prolonged release dosage forms. One is to control the

density of the dosage form. Both high and low densities have been studied

without acheiving success (3-5). Particle size relative to stomach

retropulsion mechanisms, a combination of density and size (7-9), single

units, and multiple units containing small spherical pellets of different

size and densities have also been studied (9). Another approach to extend

gastric emptying time is making use of a floating single unit, known as

the Hydrodynamically Balanced System (HBS) (10-12). HBS was reported to

be retained in the stomach for a much longer period of time than

conventional tablets swallowed concurrently, and gastric retention of the

capsule studied was up to 6 h. However, in a study of floating and

nonfloating tablets and capsules (13, 14), gastric emptying of floating

tablets containing hydroxypropylmethylcellulose (HPMC) and a floating

capsule containing alginate passed out faster when administered on an

empty stomach than when given after a light breakfast. Rapid emptying of

a single unit from the fasted stomach may be due to the strong activity of
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the Migrating Myoelectric Complex (MMC) or "Housekeeper wave" which occurs

approximately every one and a half or two hours on an empty stomach (1).

Thus, dosage forms will leave a fasted stomach unpredictably, according to

the timing of MMC regardless of dosage forM density.

Use of drugs which delays gastric emptying of food may be useful to

help retain dosage forms in the stomach longer. Fenfluramine was studied

in obese patients; gastric emptying of solid food was delayed but it had

no effect on gastric emptying of liquid (14). Incorporation of small

amounts of active transit control substances such as propantheline or

certain fatty acids like myristic acid to regulate gastrointestinal

transit of dosage forms showed a delay in gastric emptying (15).

Bioadhesives, polymers which would adhere to mucin-epithelial

surfaces, have also been suggested to increase gastric retention time (2).

It has been reported that orally administered bioadhesive products may

meet limited success because they rapidly become coated with mucous which

negates bioadhesive properties (2). Further research is needed to see if

the "mucous coat" problem can be overcome. Bioadhesive polymers are of

interest, and worthy of study, as they also have application in the nose

(17, 18), vaginal cavity (18, 19) and eye (18) as well as gastrointestinal

tract (including buccal cavity and rectum).

Bioadhesive polymers absorb water and should "stick" to cell surfaces

to retain the dosage form long enough for complete absorption. Such

bioadhesion would have to be sufficient to withstand the housekeeper wave

for products administered orally. Bioadhesives have been used to overcome

the problem of sublingual and buccal tablets being moved or swallowed
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(20), which provides a means of administration of drugs that undergo first

pass elimination.

Some in vitro techniques have been developed to determine the

relative "stickiness" of bioadhesive polymers (2, 21-23). Evaluation of

swelling and water absorption of such polymers were also studied (2, 24-

26). Hydroxypropyl cellulose and carbopol 934P were preferred by Nagai

(17-19) because carbopol 934P alone adhered too strongly to the oral

mucosa, causing irritation such as whitening or blister-like projections

(17). Moreover, carbopol provided a slow release rate for a pigment.

Combinations of hydroxypropylcellulose (HPC) and Carbopol of different

proportions were used as a vehicle to deliver active ingredients at the

site of cancer cells in the vagina without irritation, and provided a

desirable drug release rate (17, 18). Carbopol absorbs water better, but

drug release from Carbopol is much slower than from

hydroxypropylcellulose. These combinations remained attached to the

topically applied site up to 24 h without falling apart. The ratio of 1:2

HPC:Carbopol containing insulin stuck tightly to the oral mucosa of beagle

dogs for 6 h but disappeared completely after 12 h (17). The authors

concluded that HPC and Carbopol seemed to be unsuitable for mucosal

absorption of insulin, but no clear relationship was found between the

mixing ratio of HPC and Carbopol and stickiness to mucosal membrane.

However, a tablet containing more Carbopol usually stuck more tightly to

mucosal membrane for a longer period of time. The authors also suggested

that stickiness was related to the content of moisture on the membrane.

Therefore, wiping away of saliva at the application site was suggested.

In vitro bioadhesion of polycarbophil to rabbit stomach tissue was
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found to be dependent on pH. Maximum bioadhesion occurred at pH 6 (2).

Bioadhesion also occurs in the small intestine. A recent study of

mucoadhesion of poly(acrylic acid) hydrogels also showed dependency of

mucoadhesion on pH and degree of swelling (31).

The ideal bioadhesive polymer intended to be used orally to extend GI

transit time might be one with good cohesion that swells very quickly to a

size that would be too large to pass through the pyloric sphincture during

the Myoelectric Migrating Complex (MMC). Over time, perhaps 6-8 h, the

swollen polymer would erode and release drug until it was small enough to

be removed from the stomach by the MMC. The combination of these two

properties are anticipated to achieve prolonged residence of the dosage

form in the stomach. However, a bioadhesive polymer intended to be used

in a buccal dosage form is one that does not swell to cause discomfort,

but does stick to the oral mucosa tightly enough to retain the dosage form

in place. It should not bind so strongly that it causes mucosal

irritation or blisters.

The ultimate objective was to design a commercially useful dosage

form that slowly releases medicament while adhering to the mucosa of the

oral cavity or the gastrointestinal tract. Objectives of this thesis

research include:

1. Development of an in vitro bioadhesive test which will measure

"sticking" of flat faced polymer tablets.

2. Evaluating relative in vitro stickiness of polymers of interest

which are polycarbophil, sodium carboxymethylcellulose (medium

viscosity), hydroxypropylmethylcellulose, carbopol and sodium
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carbopol, polyethylene oxide, xanthan gum, and mixtures of these

polymers.

3. Comparing in vitro stickiness of these polymers with other

"sticking" formulations and commercially available buccal

tablets (Nitrogard).
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MATERIALS AND METHODS

Materials

1. Carboxymethylcellulose sodium saltl

a. medium viscosity (viscosity of 2% aqueous solution at 25

°C is 400-800 centipoises)

b. high viscosity (viscosity of 2% aqueous solution at 25 °C

is 1500-3000 centipoises)

2. Hydroxypropylmethyl cellulose2

a. low viscosity (viscosity of 2% aquoeus solution is 80-120

centipoises)

b. high viscosity (viscosity of 2% aqueous solution is 4000

centipoises)

3. Poly(ethylene oxide)3

a. average molecular weight 600,000

b. average molecular weight 5,000,000

4. Carbopol 934P Pharmaceutical grade4

5. Carbopol 934 sodium salt5

6. Polycarbophil6

7. Hydroxypropyl cellulose7

a. average molecular weight 300,000

b. average molecular weight 1,000,000

8. Xanthan gum8

9. Nitrogard9

All compounds were used as recieved.
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Bioadhesiveness of polymer tablets

500 mg tablets were prepared in the same manner as described in

chapter II. The tissue used was pig stomach (for pH 1.4 solution) or pig

duodenum (for pH 5.5 and 7.2 solutions). Pigs were electrocuted at the

meat packaging center at Oregon State University and specimens (stomach

and about the first 3 ft of the small intestine) were collected.

Specimens were cleaned with cold tap water and stored frozen.

When used, stomach or intestine was thawed at room temperature and

cut into small pieces (about 2 cm x 3 cm). This tissue was stretched and

secured on a styrofoam platform with map pins (Figure III.1).

a. Bioadhesiveness of polymer tablets with solution

A small hole was drilled on one flat surface of the tablet and

surgical silk number 00010 was glued11 into this hole (Figure III.2a).

The tablet was hydrated in buffer solution for 5 min by floating on the

surface and was then suspended from one arm of a modified two-pan

balance12 and dropped on the tissue surface. Buffer solution was added

onto the tissue up to about half the thickness of the tablet (hereafter

termed "with solution"). The tablet was allowed to stand for attachment

(with or without added pressure) for a specified period of time.

Detachment weight was introduced as water onto the other pan, driven by an

infusion pump13 at the rate of 0.8 mg/min (Fig. 111.2). The end point was

when added weight pulled the tablet off the tissue surface. The tablet

was then weighed and corrected for the weight of water taken up by the

tablet.



Figure III.1 Swine gastrointestinal tissue secured on a styrofoam platform
with map pins



Figure 111.2 In vitro bioadhesion determined by detachment of polymer tablet
from swine gastrointestinal tissue using constant flow of water
driven by an infusion pump
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b. Bioadhesiveness of polymer tablets without solution

Instead of a small hole being drilled on the flat surface of the

tablet, the cap of a 250 ul polyethylene microcentrifuge tube14 with

thread attached was glued on one flat surface of the tablet. The tablet

was hydrated in buffer solution for 5 min. Detachment weight was

determined the same as described above except the tissue was not covered

with buffer solution up to one-half the tablet thickness (hereafter termed

"without solution"). This condition may better simulate the environment

of the mouth or the emptied stomach.

For Nitrogard, seven tablets were glued on one surface of a square

piece of plastic (1 cm x 1 cm) to produce approximately the same surface

area as the flat surface tablet. Detachment weight was determined the

same as described earlier.

Calculations:

1. tablet weight + surgical silk that was glued into the drilled

hole on one surface of the tablet a g

this was in balance before the test was started

weight of water on the other pan that detached the tablet from

tissue surface b g

weight of tablet after detachment c g

detachment weight b - c + a

2. tablet weight + polyethylene cap + thread x g

this was in balance before the test was started

weight of water on the opposite pan to detach the tablet from

the tissue surface y g
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weight of tablet after detachment z g

detachment weight y - z + x

3. Conversion of mass unit to force, F ma.

Mass unit (in g) is multiplied by the standard accerelation due

to gravity, gn 980.665 cm s-2 (29).

detachment force (dyne/cm2)

[detachment weight (g) x 981]/surface area of the tablet (cm2)

Statistical Analysis of data

Data were analyzed using SAS for personal computers (27). ANOVA and

Nonparametric methods were used to test for interaction and factors

effects. Levene's test was used to test for homogeneity of variance. Log

and squareroot transformation of data were conducted to determine the

effect of transformation on homogeneity of the variance. Tests were

conducted on aligned observations (28) using sequence of in vitro

bioadhesion testing as an artificial blocking to test for interaction

between two factors, levels of solution and pH's levels. Main effects

were also tested using a nonparametric method.
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RESULTS AND DISCUSSION

Adhesiveness of different polymers to swine GI tissue

Polymers which had been tested for degree of hydration in Chapter II

were used; hydroxypropyl cellulose (m.w. 100,000; HPC100K) was excluded

because of its poor water absorptivity and cohesion.

Polymers tested are ranked according to adhesive strength at

different pH, with solution and without solution, as shown in Tables

111.1-111.6). Hydration time in each case was 5 min, which is the maximun

oesophageal transit time that an oral dosage form usually takes if it does

not stick to the oesophagus (33, 34). Swelling time is important for

bioadhesion and it was suggested that bioadhesive formulations should

swell for 5-15 min when they come into contact with the mucus for

mucoadhesion to occur (35). In preliminary testing, attachment time and

pressure applied (added weight) were varied. Preliminary data showed that

an increase in hydration time had no effect on adhesiveness. Increase in

pressure applied increases adhesiveness. Increase in attachment time has

no effect, and added solution onto the tissue to half of tablet thickness

during attachment time decreases adhesiveness.

Combinations of hydroxypropyl cellulose with carbopol 934P and a

commercially available buccal tablet, Nitrogard, were used as baseline

data to evaluate polymers of interest.

Tables 111.1-111.3 show mean detachment forces required (ranking from

highest to lowest) to detach polymer tablets from swine stomach and

intestinal tissue when tablets were hydrated in buffer solution for 5 min

and attached to GI tissue with no added pressure in the presence of buffer
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Table 111.1 Detachment force after hydration for 5 min in pH 1.4

buffer followed by attachment to stomach in pH 1.4 solution

for 3 min (no added weight).

polymer mean detachment

force(dyne/cm2)

SEM number

tested

range

CMC hi 1.221 0.342 10 0 - 3.836

Xanthan gum 0.646 0.204 10 0 - 0.203

50HPC:50C934P 0.618 0.070 10 0.182 - 0.955

Polycarbophil 0.527 0.074 10 0.114 - 0.878

PEO 600K 0.292 0.106 10 0 - 1.053

C934P 0.287 0.091 10 0 - 0.784

75HPC:25C934P 0.287 0.082 10 0 - 0.814

PEO 5M 0.186 0.079 10 0 - 0.633

HPMC hi 0.155 0.094 10 0 - 0.889

CMC med 0.132 0.071 10 0 - 0.634

85HPC:15C934P 0.200 0.083 10 0 - 0.739

95HPC:5C934P 0.134 0.064 10 0 - 0.492

HPMC lo 0.104 0.040 10 0 - 0.322

HPC 300K 0.098 0.041 10 0 - 0.440

HPC 1M 0.032 0.018 10 0 - 0.145
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Table 111.2 Detachment force after hydration for 5 min in pH 5.5 buffer

followed by attachment to duodenum tissue for 3 min in pH

5.5 solution for 3 min (no added weight).

polymer mean detachment

force (dyne/cm2)

SEM number range

tested

CMC hi 9.606 2.595 10 0 - 20.838

Polycarbophil 2.022 1.013 13 0.239 - 13.674

C934P 0.774 0.153 10 0.450 - 1.835

50HPC:50C934P 0.591 0.133 10 0.116 - 1.548

PEO 600K 0.578 0.085 10 0.195 - 1.045

HPMC hi 0.310 0.104 10 0 - 0.758

85HPC:15C934P 0.233 0.069 10 0 - 0.541

CMC med 0.233 0.068 10 0 - 0.567

HPMC lo 0.228 0.086 10 0 - 0.574

PEO 5M 0.219 0.074 10 0 - 0.562

Xanthan gum 0.152 0.075 10 0 - 0.736

95HPC:5C934P 0.121 0.064 10 0 - 0.526

HPC 300K 0.101 0.204 10 0 - 0.537

95HPMC1o:5CMChi 0.094 0.030 10 0 - 0.259

85HPMClo:15CMChi 0.093 0.036 10 0 - 0.292

75HPC:25C934P 0.077 0.037 10 0 - 0.291

75HPMC:25CMC 0.072 0.022 10 0 - 0.218

HPC 1M 0.011 0.011 10 0 - 0.106

50HPMC1o:50CMChi 0.003 0.003 10 0 - 0.029



107

Table 111.3 Detachment force after hydration for 5 min in pH 7.2 buffer

followed by attachment to duodenum tissue for 3 min in pH

7.2 solution for 3 min (with no added pressure).

polymer mean detachment

force(dyne/cm2)

SEM number range

tested

CMC hi 8.089 7.280 10 0 - 73.466

CMC med 2.360 1.288 10 0 - 10.846

Polycarbophil 2.311 1.755 10 0 - 18.060

PEO 5M 0.880 0.434 13 0 - 5.872

C934P 0.696 0.255 10 0.108 -2.843

PEO 600K 0.514 0.087 10 0.074 - 1.087

Xanthan gum 0.311 0.113 10 0 - 0.951

50HPC:50C934P 0.229 0.071 10 0 - 0.585

HPC 300K 0.178 0.073 10 0 - 0.718

85HPC:15C934P 0.152 0.067 10 0 - 0.581

HPMC hi 0.107 0.044 10 0 - 0.364

HPMC lo 0.094 0.036 10 0 - 0.346

75HPC:25C934P 0.091 0.029 10 0 - 0.218

95HPC:5C934P 0.074 0.034 10 0 - 0.344

HPC 1M 0 0 10 0
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solution. Carboxymethylcellulose high viscosity (CMChi) required the

highest detachment force from GI tissue at all three pH's tested (Tables

111.1-111.3). When using 85:15 Hydroxypropylcellulose m.w. 300,000

(HPC300K):Carbopol 934P (C934P), which was preferred by Nagai (19-21), for

comparison, most tablets tested stuck fairly well to swine GI tissue.

Some polymers stuck with higher detachment forces than C934P which adhered

too strongly to tissue mucosa (19). From table III.1, it is anticipated

that CMC hi, Xanthan Gum, 50:50 HPC300K with C934P, and Polycarbophil

(PCPL) would stick to stomach tissue in vivo in the absence of food. From

table 111.2 CMC hi, Polycarbophil, carbopol 934P, and 50:50 HPC300K with

C934P are anticipated to stick to the duodenum when a tablet has just

passed out of the stomach (if it is not coated by mucin or food particles)

into the intestine where pH is about 5-6. CMC hi, Polycarbophil and

carbopol 934P would stick well to intestinal mucosa when the tablet moves

further along the intestine to the pH 7 region. CMC hi, polycarbophil and

carbopol 934P stick to tissues at all three pH's tested. Therefore,

polymer tablets containing any of these three compounds may adhere to the

tissue surface along the GI tract and increase GI transit time.

Table 111.4-111.6 show mean detachment force ranking from the highest

required to detach the polymer tablets from swine GI tissue when tablets

were hydrated in buffer solution for 5 min and attached to tissue with no

added pressure in the absence of buffer solution. CMC hi strongly adhered

to GI tissue and required the highest detachment force at all three pH's

among polymers tested (which is consistant with earlier data). Detachment

forces required to separate any polymer from tissue were higher when there

was no buffer solution added than in the presence of buffer. The solution
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Table 111.4 Detachment force after hydration for 5 min in pH 1.4 buffer

followed by attachment to stomach tissue for 3 min with no

solution added for 3 min (no added pressure).

polymer mean detachment

force (dyne/cm2)

SEM number range

tested

CMC hi 14.279 2.209 10 3.470 - 22.810

CMC med 10.303 1.513 10 4.237 - 17.303

Xanthan gum 7.374 1.613 10 2.231 - 17.949

PEO 5M 7.268 1.629 10 2.840 - 18.935

Polycarbophil 5.823 2.272 10 1.413 - 23.627

C934P 3.073 0.389 10 1.530 - 5.493

HPC 1M 2.915 0.394 10 0.931 - 5.058

50HPC:50C934P 2.621 0.438 11 0 - 5.534

75HPC:25C934P 2.178 0.160 10 1.319 - 2.772

85HPC:15C934P 2.072 0.230 10 0.957 - 3.117

PEO 600K 1.976 0.203 10 0.965 - 3.443

HPMC hi 1.884 0.746 10 1.884 - 3.130

HPC 300K 1.611 0.174 10 0.772 - 2.545

95HPC:5C934P 1.540 0.155 10 0.750 - 2.334

HPMC lo 1.279 0.143 10 0.914 - 2.332

Nitrogard 0.970 0.108 4 0.663 - 1.154
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Table 111.5 Detachment weight after hydration for 5 min in pH 5.5

buffer followed by attachment to duodenum tissue for 3 min

with no solution added for 3 min (no added pressure).

polymer mean detachment

force (dyne/cm2)

SEM number range

tested

CMC hi 17.941 2.623 10 5.388 - 35.797

Xanthan gum 14.445 2.512 10 3.920 - 26.640

PEO 5M 10.362 2.563 10 2.094 - 25.771

CMC med 10.329 1.910 10 2.716 - 18.666

Polycarbophil 6.432 3.528 10 2.464 - 12.786

C934P 4.875 0.971 10 0 - 9.046

HPMC hi 3.944 1.012 12 1.174 - 12.014

50HPMC1o:50CMChi 3.059 0.342 10 1.269 - 4.574

75HPC:25C934P 2.449 0.848 10 1.427 - 3.769

HPC 1M 2.412 0.460 10 1.030 - 2.412

PEO 600K 2.354 0.302 10 1.242 - 4.357

50HPC:50C934P 2.312 0.454 10 0 - 5.461

85HPC:15C934P 2.053 0.183 10 1.331 - 3.185

95HPC:5C934P 2.050 0.535 10 1.503 - 3.058

HPC 300K 1.930 0.178 10 1.130 - 2.843

75HPMC1o:25CMChi 1.727 0.249 10 0.854 - 2.982

HPMC lo 1.619 0.220 10 0.833 3.153

85HPMClo:15CMChi 1.535 0.255 10 0.736 - 3.297

95HPMC1o:5CMChi 1.283 0.153 10 0.807 - 2.282

Nitrogard 0.943 0.042 4 0.824 - 1.015
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Table 111.6 Detachment weight after hydration for 5 min in pH 7.2

buffer followed by attachment to duodenum tissue for 3 min

with no solution added for 3 min (no pressure added).

polymer mean detachment

force (dyne/cm2)

SEM number

tested

range

CMC hi 13.697 2.008 10 5.343 - 23.861

CMC med 9.458 2.059 10 1.031 - 18.612

Polycarbophil 8.646 1.433 10 2.291 - 16.683

Xanthan gum 8.426 6.200 10 1.735 - 18.185

PEO 5M 5.389 0.646 10 3.295 - 9.591

C934P 4.203 1.129 10 1.278 - 11.705

HPMC lo 2.844 0.756 12 1.248 - 10.162

50HPC:50C934P 2.648 0.611 10 0.980 - 7.728

HPMC hi 2.427 0.458 10 1.099 - 5.683

PEO 600K 2.412 0.426 10 0.936 - 5.523

HPC 1M 2.220 0.306 10 0.920 - 4.249

75HPC:25C934P 2.137 0.323 10 1.170 - 3.995

85HPC:15C934P 2.062 0.300 10 0.941 - 4.193

HPC 300K 1.571 0.293 11 0 - 3.012

95HPC:5C934P 1.458 0.091 10 1.014 - 1.848

Nitrogard 0.997 0.058 5 0.806 - 1.163
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present may have a bouyancy effect to make the tablet float, which may

explain detachment force values of zero in some cases (Tables 111.1-

111.3). Nagai suggested that the mucosa should be wiped clear of saliva

before a buccal tablet is applied (19) which is supported by the data in

Tables 111.4-111.6 versus 111.1-111.3.

Nitrogard, which is a commercially available buccal dosage form, was

used as a baseline for comparison of these polymers. Nitrogard stuck to

swine gastrointestinal tissue, without solution added during attachment,

independently of pH (Figure 111.3). Plots of detachment force versus

three different pH's tested are shown in Figures 111.4 - 111.19. All

plots are on the same scale for ease of comparison. Each point on the

graph represents an average of at least 10 measurements (except for

Nitrogard, Figure 111.3) and the error bars represent SEM (standard error

of the mean). Overall, the polymer tablets "stuck" better without buffer

solution than with solution at all pH levels tested.

Statistical analysis of interaction between two factors, with or

without solution and different levels of pH, were tested using both ANOVA

and a nonparametric method. Levene's test showed that variances among

different groups tested were highly heterogeneous, but transformations of

data (log and squareroot transformations) did not produce homogeneous

variances. Therefore, nonparametric testing is more appropriate.

Statistical results of interaction by both ANOVA and nonparametric method

are shown in Table 111.7. Both methods agreed in most cases except for

PCPL and PEO5M (p-0.77 and p-0.08 repectively). Main effects were then

tested on one factor at different levels of the second factors. Results

are shown in Tables 111.8 and 111.9. pH effects (Table 111.8) at
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Figure 111.3 Effect of pH on in vitro bioadhesion of Nitrogard to swine
duodenum tissue without solution. Each point represents an
average of 4-5 measurements (± SEM).
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Table 111.7 ANOVA and Nonparametric tests for interaction between

solution and pH's on bioadhesion.

Polymer nonparametric ANOVA

CMChi NS NS

CMCmed NS NS

HPC300K NS NS

HPC1M * p<0.01

HPMChi NS NS

HPMClo * p<0.05

PCPL * NS

C934P NS NS

sodC934 * p<0.05

PE0600K NS NS

PEO5M * NS

XG * p<0.05

95HPC:5C934P * p<0.05

85HPC:15C934P NS NS

75HPC:25C934P NS NS

50HPC:50C934P NS NS

* significance at a 0.05

NS nonsignificance at a 0.05
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Table 111.8 Nonparametric test for pH effect on bioadhesion at

different level of solution

Polymer with solution without solution

CMChi p<0.05 NS

CMCmed NS NS

HPC300K NS NS

HPC1M p<0.01 NS

HPMChi NS NS

HPMClo NS p<0.01

PCPL NS NS

C934P NS NS

sodC934 p<0.01 p<0.05

PE0600K NS NS

PEO5M p<0.01 NS

XG NS p<0.05

95HPC:5C934P NS p<0.05

85HPC:15C934P NS NS

75HPC:25C934P NS NS

50HPC:50C934P p<0.01 NS

NS nonsignificance at a 0.05
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Table 111.9 Nonparametric test for solution effect on bioadhesionat

different levels of pH

Polymer pH-1.4 pH-5.5 pH-7.2

CMChi p<0.01 p<0.05 p<0.01

CMCmed p<0.01 p<0.01 p<0.01

HPC300K p<0.01 p<0.01 p<0.01

HPC1M p<0.01 p<0.01 NS

HPMChi p<0.01 p<0.01 p<0.01

HPMClo p<0.01 p<0.01 p<0.01

PCPL p<0.01 p<0.01 p<0.01

C934P p<0.01 p<0.01 p<0.01

PE0600K p<0.01 p<0.01 p<0.01

PEO5M p<0.01 p<0.01 p<0.01

XG p<0.01 p<0.01 p<0.01

95HPC:5C934P p<0.01 p<0.01 p<0.01

85HPC:15C934P p<0.01 p<0.01 p<0.01

75HPC:25C934P p<0.01 p<0.01 p<0.01

50HPC:50C934P p<0.01 p<0.01 p<0.01

NS nonsignificance at a -0.05
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different levels of solution were significant in some cases. For carbopol

934P, pH had significant effects at both levels, with and without

solution. pH effects were insignificant at both levels of solution for

CMC high viscosity, HPMC high viscosity, polycarbophil, carbopol 934P and

PEO m.w. 600,000,but was inconsistant for some polymers. Interpretation

of the analysis is that polymers with no statistically significant pH

effects have the same probability to stick to tissue all along the GI

tract. Solution effects (Table 111.9) are highly significant at all pH

levels except for hydroxypropyl cellulose m.w. 1,000,000 at pH 7.2. This

agrees with the suggestion of Nagai that fluid should be wiped from buccal

tissue before applying bioadhesive tablets. For orally swallowed tablets,

concomitant water will be important to prevent sticking to the oesophagus,

but may inhibit maximum sticking in the stomach.

Carbopol 934P alone, hydroxypropyl cellulose (mol. wt. 300,000)

alone, and combinations of these two polymers were also pH independent

(Figures 111.4 - 111.9) in their "sticking" ability. Relationships among

amounts of carbopol 934P (in carbopol and hydroxypropyl cellulose (m.w.

300,000) combinations) and detachment forces (Figures 111.10-111.12, Table

III.10) showed that increased amounts of carbopol increases detachment

forces. Linear regression showed a strong relationship between amount of

carbopol 934P in the combination and bioadhesion (p<0.05 at pH 1.4 with

solution and p<0.01 in other cases). However, increase in amount of

carbopol at pH's 1.4 and 5.5 did not effect the hydration. At pH 7.2

hydration increases as amount of carbopol increased up to 50% (Figure

111.12).
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Figure 111.4
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Effect of pH on in vitro bioadhesion of carbopol 934P to swine
stomach and duodenum tissue, (D) with and (S) without solution.
Each point represents an average of at least 10 measurements (±
SEM).
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Effect of pH on in vitro bioadhesion of hydroxypropylcellulose
(average mol. wt. 300,000) to swine stomach and duodenum tissue
(C) with and (0) without solution. Each point represents an
average of at least 10 measurements (± SEM).
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Figure 111.6 Effect of pH on in vitro bioadhesion of hydroxypropyl cellulose

and carbopol 934P combination (50:50) to swine stomach and

duodenum tissue, (0) with and () without solution. Each point

represents an average of at least 10 measurements (± SEM).
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Figure 111.7 Effect of pH on in vitro bioadhesion of hydroxypropyl cellulose
and carbopol 934P combination (75:25) to swine stomach and
duodenum tissue, (D) with and () without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Figure 111.8 Effect of pH on in vitro bioadhesion of hydroxypropyl cellulose

and carbopol 934P combination (85:15) to swine stomach and
duodenum tissue, (D) with and (0) without solution. Each point

represents an average of at least 10 measurements (± SEM).
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4
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Effect of pH on in vitro bioadhesion of hydroxypropyl cellulose
and carbopol 934P combination (95:5) to swine stomach and
duodenum tissue, (D) with and (0) without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Figure III.10 The effect of increased amount of carbopol 934P in carbopol 934P
and hydroxypropylcellulose (average mol. wt. 300,000) to
detachment force, (D) with and (II) without solution, and (A)
hydration at 5 min at pH 1.4.
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Figure III.11 The effect of increased amount of carbopol 934P in carbopol 934P
and hydroxypropylcellulose (average mol. wt. 300,000) to
detachment force, (0) with and (0) without solution, and (A)
hydration at 5 min at pH 5.5.
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Figure 111.12 The effect of increased amount of carbopol 934P in carbopol 934P
and hydroxypropylcellulose (average mol. wt. 300,000) to
detachment force, (0) with and (9) without solution, and (A)
hydration at 5 min at pH 7.2.



127

Table III.10 Statistical testing for linear relationship between

bioadhesion and increasing amount of carbopol 934P in

carbopol 934P and hydroxypropyl cellulose m.w. 300,000

combination

At pH with solution without solution

1.4 p<0.05 p<0.01

5.5 p<0.01 p<0.05

7.2 p<0.01 p<0.05
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Carboxymethyl cellulose (high viscosity, Figure 111.13) adhesion was

strongest among all the polymers studied both with and without solution

added during attachment. Xanthan gum (Figure 111.15) and carboxymethyl

cellulose (medium viscosity, Figure 111.14) also stuck well to swine

gastrointestinal tissue when no solution was added. All polymers or

combinations of polymers had better adhesive strength than Nitrogard

(Tables 111.4-111.6).

Carboxymethyl cellulose (high viscosity) stuck better to tissue at pH

5.5 (Figure 111.13) both with and without solution added during

attachment. Xanthan gum (Figure 111.15) and polyethylene oxide m.w.

5,000,000 (PEO5M, Figure 111.16) also stuck better at pH 5.5 when no

solution was added, but showed pH independence when added solution was

used.

Hydroxypropylmethyl cellulose, both low and high viscosity,

carboxymethyl cellulose (medium viscosity) and hydroxypropyl cellulose

(mol. wt. 1,000,000) showed no difference in detachment forces at

different pH (Figures 111.17-111.19). Polycarbophil and polyethylene

oxide (mol. wt. 600,000) seemed to stick better at higher pH both with and

without solution added (Figures 111.20 and 111.21). Sodium carbopol

(Figure 111.22) stuck better at lower pH when solution was added but not

when solution was omitted where it stuck better at low and high pH (pH 1.4

and 7.2).

All polymers tested stuck better without solution added. Analysis of

variance and Nonparametric evaluation showed that solution had a

significant effect on bioadhesion (p<0.01). These results suggest that

polymers absorbed water during attachment in the presence of buffer
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Effect of pH on in vitro bioadhesion of carboxymethyl cellulose
(high viscosity) to swine stomach and duodenum tissue, (0) with
and () wihtout solution. Each point represents an average of
at least 10 measurements (± SEM).
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Figure 111.14 Effect of pH on ft vitro bioadhesion of carboxymethyl cellulose
(medium viscosity) to swine stomach and duodenum tissue, (D)
with and (4) without solution. Each point represents an average
of at least 10 measurements (± SEM).
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Effect of pH on in vitro bioadhesion of xanthan gum to swine
stomach and duodenum tissue, (D) with and () without solution.
Each point represents an average of at least 10 measurements (±
SEM).
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Effect of pH on In 211z2 bioadhesion of polyethylene oxide
(average mol wt. 5,000,000) to swine stomach and duodenum
tissue, OD) with and

of
without solution. Each Point

represents an average of at least 10 measurements (± SEM).
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Figure 111.17

pH

Effect of pH on in vitro bioadhesion of hydroxypropyl
methylcellulose (low viscosity) to swine stomach and duodenum
tissue, (D) with and (0) without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Figure 111.18

pH

Effect of pH on in vitro bioadhesion of hydroxypropyl
methylcellulose (high viscosity) to swine stomach and duodenum
tissue, (D) with and (D) without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Figure 111.19 Effect of pH on in vitro bioadhesion of hydroxypropylcellulose
(average mol. wt. 1,000,000) to swine stomach and duodenum
tissue, (0) with and () without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Figure 111.20 Effect of pH on in vitro, bioadhesion of polycarbophil to swine
stomach and duodenum tissue, (0) with and () without solution.
Each point represents an average of at least 10 measurements (±
SEM).
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Figure 111.21 Effect of pH on In vitro bioadhesion of polyethylene oxide
(average mol. wt. 600,000) to swine stomach and duodenum tissue,

(C) with and (0) without solution. Each point represents an

average of at least 10 measurements (± SEM).
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Figure 111.22 Effect of pH on in vitro bioadhesion of sodium carbopol 934 to
swine stomach and duodenum tissue, (0) with and (S) without
solution. Each point represent an average of at least 10
measurements (± SEM).
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solution and formed a rubber or gel surface which in turn lost its sticky

property. Thus, polymers which appear to stick in some in vitro test may

not stick in vivo due to extensive hydration, i.e. lack of sticking may

not be due only to being coated with mucus, but also to loss of stickiness

when fully hydrated. ANOVA also showed that pH had a significant effect

on bioadhesion for HPC 1M (p<0.01), sodium carbopol (p<0.01) and HPMClo

(p<0.05).

Polycarbophil was also tested at pH 4.0 and 8.0 without solution

added (Figure 111.23). According to published in vitro bioadhesion data

for polycarbophil to rabbit stomach tissue (2), the force of detachment of

polycarbophil from tissue was increased as pH increased to pH 6.0 and

adhesion dropped greatly at pH 7.0. From our findings, polycarbophil

stuck well to swine duodenum tissue at pH 7.2 and the detachment force

dropped at pH 8.0 (Figure 111.23).

From data collected so far, carboxymethylcellulose high viscosity

(CMChi) and hydroxypropylmethyl cellulose low viscosity (HPMC1o) were

chosen for further combination studies. CMChi had the greatest

bioadhesion among polymers tested and HPMClo had the lowest rate of

hydration (chapter II). Combination of these two polymers was expected to

be a good formulation base for buccal tablets. Figure 111.24 shows that

all combinations had lower bioadhesion than CMChi alone at pH 5.5 and had

the same bioadhesion range, but hydration was much faster than Nagai

combinations (Figure III.11). Thus, these combinations should be

excellent for buccal tablets.
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Figure 111.23 Effect of pH on in vitro, bioadhesion of polycarbophil to swine
stomach and duodenum tissue without solution. Each point
represents an average of at least 10 measurements (± SEM).
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Relationship between hydration and bioadhesive

Relationships between hydration for 5 min in g water/g polymer and

detachment force (dyne/cm2) of 500 mg round, flat surface tablet in pH

1.4, 5.5 and 7.2 are shown in Figures 111.26, 111.27 and 111.28,

repectively. The solid lines show a linear regression of detachment force

versus degree of hydration. Statistical analysis showed a strong

relationship between detachment force and degree of hydration at pH 1.4

without solution (p<0.01), pH 5.5 with and without solution (p<0.01), and

pH 7.2 with (p<0.01) and without solution (p<0.01) (Table III.11 and

Figures 111.26-111.28). There is no relationship between these two

factors at pH 1.4 with solution.

These data teach that there is a relationship between degree of

hydration or amount of water taken up by the polymer and bioadhesion. In

the study of carbopol and hydroxypropyl cellulose combinations (19), the

authors found no clear relationship between these two factors. Our

findings are in agreement with a more recent study of poly(acrylic acid)

(31) which showed that hydration of polymer followed by swelling and pH

are important factors for bioadhesion.
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Relationship between hydration (g water/ g polymer) and
detachment force (dyne/cm2) of 500 mg tablet from swine stomach
tissue (D) with and (S) without solution at pH 1.4.
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Relationship between hydration (g water/ g polymer) and
detachment force (dyne/cm2) of 500 mg tablet from swine duodenum
tissue (0) with and () without solution at pH 5.5.
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Relationship between hydration (g water/ g polymer) and
detachment force (dyne/cm2) of 500 mg tablet from swine duodenum
tissue (0) with and (0) without solution at pH 7.2.
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Table III.11 Statistical testing for Linear Relationship between

hydration and bioadhesion using Linear Regression

At pH with solution without solution

1.4 NS p<0.01

5.5 p<0.05 p<0.01

7.2 p<0.01 p<0.01

nonsignificance at a 0.05
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CONCLUSIONS

In vitro experiments were designed to test and compare bioadhesive

polymers of interest with commercially available buccal tablets

(Nitrogard). Polymers tested had greater bioadhesive strength than

Nitrogard. Polymer tablets stuck significantly better to tissues without

being immersed in aqueous solution. Therefore, saliva should be wiped

from oral mucosa prior to application of buccal tablets. pH had a

significant effect on bioadhesion which may eliminate some polymers from

consideration, depending on whether buccal or gastric adhesion is desired.

There is a linear relationship between hydration (swelling of a gel-like

material on the surface of tablets) and bioadhesion.

Carboxymethylcellulose (high viscosity) bound most tightly to

tissues. Combinations of carboxymethylcellulose high viscosity and

hydroxypropyl methylcellulose were chosen for further study as potential

controlled release dosage form vehicles for buccal tablets.

Carboxymethylcellulose high viscosity also has high potential for use as a

vehicle for controlled release oral dosage forms.

Data collected and presented herein are the result of observations of

events in nature. These events occurred as a result of experiments

designed to study bioadhesion. There have been a variety of hypothesis

regarding the theory of bioadhesion. Factors proposed to influence

bioadhesion are the presence of an anionic or cationic binding site,

charged or uncharged binding sites, functional group interactions such as

hydroxyl or carboxyl groups, molecular weight, degree of hydration and

swelling, pH, ratio of excimer to monomer, hydrophobicity, and charge
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density of polymers (2, 21, 24, 28, 29, 34). There are no previously

reported data for the large number of polymers studied herein under the

same, controlled experimental conditions. Previous reports are limited to

certain groups of polymers. In this research, polymers were those most

widely currently used in the pharmaceutical industry and those which have

been suggested to be good bioadhesives, but have been tested using

different systems. The in vitro bioadhesion testing system developed is

simple and can be constructed in any laboratory. A next step would be to

evaluate the factors proposed above as important for bioadhesion as

applied to data collected for the large number of polymers studied herein,

and to develop a model that will be useful to predict bioadhesion.

Future research should include:

1. In vitro bioadhesion at different hydration times at

different pH to determine bioadhesion after prolonged hydration.

2. In vitro bioadhesion of carboxymethyl cellulose high

viscosity, which has a high potential to be used in oral controlled

release dosage form, with acid pretreatment prior to testing at pH's 5.5

and 7.2.

3. Diffusion studies of model drugs from carboxymethyl

cellulose high viscosity tablets, and in combinations with hydroxypropyl

methylcellulose.

4. Comparison of In vivo bioadhesion to canine and human oral

mucosa, of carboxymethyl cellulose high viscosity and hydroxypropyl

methylcellulose low viscosity combinations and 85:15

hydroxypropylcellulose m.w. 300,000 and carbopol 934P combination.
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Results will indicate whether the combinations will be useful as vehicles

for once-a-day buccal tablets.

5. In vivo bioavailability of model drugs following buccal

administration.

6. In vivo swelling and bioadhesion of carboxymethyl cellulose

high viscosity to determine whether polymer tablets prolonged the GI

transit as compared to nonerodable tablets of the same size and shape.

7. Bioavalability of model drugs following oral administration

in canines and humans.

8. Evaluate coating materials which may be suitable to coat

polymer tablet to prevent adhesion to oesophagus tissue.

9. Develop a theory of bioadhesion and drug release consistent

with data collected.
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ENDNOTES

1. Sigma Chemical Co. Ltd., St. Louis, MO.

2. Aldrich Chemical Company, Inc. Milwaukee, Wis.

3. Aldrich Chemical Company, Inc. Milwaukee, Wis.

4. The BF Goodrich Company Chemical Group, Cleveland, OH.

5. The BF Goodrich Company Chemical Group, Cleveland, OH.

6. Recieved as gift from The Upjohn Company, Kalamazoo, MI.

7. Aldrich Chemical Company, Milwaukee, Wis.

8. Sigma Chemical Co. Ltd., St. Louis, MO.

9. Nitrogard, Transmucosal Controlled Release Nitroglycerin Tablets, 1 mg,
Parke-Davis, Division of Warner - Lambert- Co., Morris Plains, NJ.

10. Surgical Silk number 000, Ethicon, black braided, Ethicon Inc.,
Somerville, NJ.

11. Scotch, Super Strength Adhesive,Household Products Division/3M St.
Paul, MN.

12. Fisher Scientific Company, Pittsburgh, PA., St. Louis, MO., Eimer and
Amend, NY.

13. Infusion/Withdrawal Pump Model 902, Harvard Apparatus Co., Inc.

14. Disposable Centrifuge Tubes, Polyethylene, Cole-Parmer Instrument
Company, Chicago, IL.
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Table A.1 Mean (of 3 replications) percentage Ibuprofen released from

Motrin SR Upjohn and Motrin SR caplets compressed in our

laboratory in simulated intestinal fluid pH 7.4.

Time (h) Motrin SR1 Motrin SR2

0.17 1.30 ± 0.55 2.58 ± 0.72

0.33 3.42 ± 0.55 5.52 ± 1.37

0.50 5.90 ± 0.94 8.29 ± 1.80

0.75 9.82 ± 0.77 13.44 ± 2.95

1.00 13.46 ± 1.44 18.15 ± 3.82

2.00 25.69 ± 1.62 19.58 ± 3.93

3.00 38.20 ± 2.37 41.44 ± 3.45

4.00 48.99 ± 2.86 55.10 ± 2.85

5.00 65.31 ± 4.99

6.00 64.18 ± 4.05

8.00 78.85 ± 3.79 81.31 ± 4.91

10.00 90.84 ± 3.10 96.40 ± 2.34

12.00 96.52 ± 2.38 99.41 ± 4.11

14.00 99.80 ± 1.74 103.49 ± 2.02

1Motrin SR caplets, Lot 2003, from The Upjohn Company, Kalamazoo, MI.

2Motrin SR caplets, Motrin SR ready for compression provided by The Upjohn

Company compressed in our labarotory.
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Table A.2 Mean (of 3 replications) percentage Ibuprofen released from

caplets containing 15 and 25 mg of bismuth in

simulated intestinal fluid pH 7.4.

Time (h) 15 mg bismuth 25 mg bismuth

0.17 2.98 ± 0.65 4.47 ± 2.52

0.33 5.68 + 1.57 8.61 + 5.14

0.50 9.40 ± 2.44 11.53 ± 6.00

0.75 14.23 + 2.96 15.46 + 7.24

1.00 18.86 ± 3.94 18.71 ± 8.68

2.00 28.47 ± 3.01 31.32 ± 7.17

3.00 42.39 ± 1.37 45.97 ± 8.21

4.00 54.15 ± 1.40 56.19 ± 9.63

5.00 63.53 ± 1.28

6.50 81.10 ± 0.91

8.00 81.63 ± 3.86 89.41 ± 8.59

10.00 94.50 ± 2.96 96.23 ± 4.82

12.00 99.61 ± 1.91 101.74 ± 2.99

14.00 100.28 ± 0.72 103.12 ± 4.26
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Table A.3 Mean (of 3 replications) percentage Ibuprofen released from

caplets containing 50, 75 and 100 mg of bismuth in

simulated intestinal fluid pH 7.4.

Time (h) 50 mg bismuthl 75 mg bismuth 100 mg bismuth

0.17 4.54 ± 1.23 5.76 ± 1.55 4.11 ± 0.57

0.33 9.98 ± 0.88 9.08 ± 2.13 6.25 ± 0.74

0.50 13.69 ± 0.79 12.70 ± 2.34 9.43 ± 1.36

0.75 17.93 ± 0.09 17.59 ± 2.83 13.67 ± 1.04

1.00 22.04 ± 0.97 21.90 ± 3.33 17.81 ± 1.87

2.00 35.55 ± 1.41 31.78 ± 1.49 38.06 ± 3.24

3.00 47.38 ± 2.64 50.29 ± 2.87 46.30 ± 1.92

4.00 57.72 ± 2.64 61.58 ± 4.61 58.56 ± 1.14

6.50 73.54 ± 5.28 86.91 ± 2.55 84.66 ± 2.12

8.00 90.04 ± 2.03 94.02 ± 2.74 92.38 ± 2.01

10.00 99.70 ± 3.17 103.99 ± 3.03 101.80 ± 2.57

12.00 101.63 ± 0.97 101.98 ± 0.34 102.15 ± 1.86

14.00 98.64 ± 0.26 101.86 ± 1.70 103.28 ± 1.52

lmean of 2 replications
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Table A.4 Mean (of 3 replications) percentage Ibuprofen released from

tablets containing 200, 250 and 400 mg of bismuth

in simulated intestinal fluid pH 7.4.

Time (h) 200 mg bismuth 250 mg bismuth 400 mg bismuth

0.17 5.56 ± 3.04 3.42 ± 0.56 37.92 + 12.54

0.33 7.83 + 0.80 11.54 ± 4.25 61.61 ± 14.18

0.50 11.71 ± 0.97 15.80 ± 4.95 67.83 ± 14.23

0.75 20.19 + 4.95 17.39 ± 0.94 74.55 ± 15.35

1.00 22.23 ± 1.09 27.15 ± 6.02 78.70 ± 14.25

2.00 39.29 ± 2.26 45.49 + 5.88 91.01 ± 8.53

3.00 52.37 + 2.05 59.26 ± 2.86 97.86 ± 5.52

4.00 64.49 ± 2.69 70.30 + 6.40 101.50 ± 1.25

6.00 86.69 ± 1.52 92.60 ± 9.76 103.89 ± 2.90

8.00 102.25 + 1.76 105.70 + 6.82 102.32 + 2.14

10.00 107.62 ± 1.53 105.44 ± 5.18 102.76 ± 1.47

12.00 107.82 ± 2.99 108.88 + 1.52 102.07 ± 0.58

14.00 108.74 + 1.11 109.39 ± 1.51 101.75 ± 1.15



Table A.5 Mean (of 3 replications) percentage Ibuprofen released from

tablets containing 100 mg bismuth prepared by

wetting with ethanol in simulated intestinal fluid

pH 7.4.

Time (h)

0.50

1.00

2.00

3.00

4.00

5.00

6.00

8.00

10.00

12.00

14.00

100 mg bismuth

5.09 ± 0.37

13.86 + 0.32

26.77 ± 0.60

37.93 ± 1.37

42.61 ± 5.26

56.86 ± 1.11

66.47 ± 1.33

81.63 ± 1.60

94.26 ± 2.41

100.09 ± 4.62

103.13 ± 1.54

166
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Table A.6 Mean (of 3 replications) percentage Ibuprofen released from

Time (h)

Motrin SR Upjohn and 1.4 g Motrin SR caplets containing 300 mg

Bi in simulated gastric fluid pH 1.2.

Motrin SR Upjohn 300 mg Bi Motrin SR

1.0 0.84 ± 0.23 1.44 ± 0.45

2.0 2.08 ± 1.15 2.86 ± 0.26

3.0 3.29 ± 1.32 3.86 ± 0.34

4.0 3.21 ± 1.70 4.64 ± 0.09

6.0 3.81 ± 2.12 4.28 ± 0.03

8.0 3.88 ± 1.58 4.28 ± 0.32

10.00 3.98 ± 1.60 4.40 ± 0.27

12.00 3.98 ± 1.96 4.50 ± 0.16

14.00 4.85 ± 0.28 4.97 ± 0.30

24.00 5.77 ± 0.86 5.48 ± 0.08
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Table A.7 Mean (of 3 replications) percentage changes in width of Motrin

SR Upjohn and Motrin SR containing 100 mg Bi in caplet erosion

in enzyme-free simulated gastric acid.

Time (h) Motrin SR Upjohn 100 mg Bi Motrin SR

1.0 101.7 ± 0.7 102.8 ± 0.7

2.0 102.4 ± 0.3 102.4 ± 0.3

4.0 120.2 ± 3.4 102.1 ± 1.0

6.0 109.3 ± 4.1 102.4 ± 1.3

12.0 99.3 ± 5.5 95.5 ± 4.6

24.0 48.8 ± 24.5 0.0
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Table A.8 Mean (of 3 replications) percentage changes in length of Motrin

SR Upjohn and Motrin SR containing 100 mg Bi in caplet erosion

in enzyme-free simulated gastric acid.

Time (h) Motrin SR Upjohn 100 mg Bi Motrin SR

1.0 100.5 ± 0.3 101.0 ± 0.0

2.0 100.2 ± 0.9 100.5 ± 0.3

4.0 97.4 ± 1.5 98.0 ± 0.3

6.0 94.6 ± 2.2 93.1 ± 0.4

12.0 83.0 ± 4.2 79.1 ± 2.8

24.0 35.1 ± 17.6 0.0
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Table A.9 Mean (of 3 replications) percentage changes in thickness of

Motrin SR Upjohn and Motrin SR containing 100 mg Bi in caplet

erosion in enzyme-free simulated gastric acid.

Time (h) Motrin SR Upjohn 100 mg Bi Motrin SR

1.0 103.7 ± 1.9 104.4 ± 3.1

2.0 102.4 ± 0.7 101.8 ± 2.6

4.0 105.7 ± 1.1 102.9 ± 3.6

6.0 99.6 ± 2.0 90.2 ± 2.6

12.0 91.5 ± 8.3 75.3 ± 3.3

24.0 48.0 ± 24.5 0.0
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Table A.10 Mean (of 3 replications) percentage changes in volume of

Motrin SR Upjohn and Motrin SR containing 100 mg Bi in

caplet erosion in enzyme-free simulated gastric acid.

Time (h) Motrin SR Upjohn 100 mg Bi Motrin SR

1.0 100.3 ± 5.5 106.7 ± 3.3

2.0 97.3 ± 8.3 106.7 ± 3.3

4.0 103.6 ± 6.4 110.0 ± 0.0

6.0 94.2 ± 11.1 96.7 ± 3.3

12.0 78.5 ± 16.8 63.3 ± 3.3

24.0 23.3 ± 12.0 0.0


