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This thesis describes in vitro and in vivo evaluation of a gastric retention

formulation (GRF) developed at Oregon State University. The formulation was

prepared from xanthan gum and locust bean gum as gelling agents and other

formulation ingredients were added, then it was originally vacuum oven dried. The

effect of freeze drying on GRF was studied in this research. Freeze dried GRF were

evaluated for dissolution and drug release properties using hydrochlorothiazide as a

model drug. The effect of storage of GRF inside hard gelatin capsules on rate of

swelling of the capsule shell and release of GRF was also studied. Storage for up to

12 months had no effect on capsule shell swelling and release of GRF.
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Gastric residence time, pharmacokinetics and bioavailability of

hydrochlorothiazide, a drug that has an absorption window limited to the upper

small intestine, from two different sizes of gastric retention formulations (GRF)

were evaluated in 12 healthy volunteers in both fed and fasted states, and compared

to immediate release tablets. Extent of bioavailability of drug from the larger

formulation in this study was comparable to IR tablets in both fed and fasted states.

Deconvolved input functions data suggest that the GRF stayed in the stomach

providing sustained drug input for 12-28 hours.

Initial blood pressure lowering and side effects of hydrochlorothiazide from

a gastric retention formulation were evaluated and compared to immediate release

tablets in 10 subjects with stage I hypertension. Gastric retention formulations

produced an average reduction in systolic blood pressure 3 mm Hg lower than JR

tablets regardless of sequence of administration. GRF also produced less blood

pressure fluctuation in most subjects than JR tablets. Most subjects reported fewer

and less severe side effects with GRF than JR tablets.
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Development and In vivo Testing of Novel Hydrochlorothiazide Gastric Retention
Formulations in Healthy Volunteers and Stage I Hypertensive Patients.

INTRODUCTION

Some orally administered drugs have been shown to have a window of

absorption, i.e. only absorbed from certain regions of the gastrointestinal tract.

Once the drugs pass those regions, little or no absorption takes place. Many efforts

have been expended to design platforms that will prolong gastric residence time of

such drugs in an attempt to increase bioavailability.

Chapter 1 of this thesis describes development and in vitro testing of a

gastric retention formulation (GRF). GRF were prepared from food-based

carbohydrate polymers and other formulation ingredients. The release profile of

hydrochlorothiazide (HCTZ), a drug that has an absorption window, from different

sizes of GRF and the release of different doses of HCTZ from GRF were studied in

simulated gastric fluid. The effect of storage of GRF inside hard gelatin capsules on

rate of swelling of the capsule shell and release of GRF was also studied for 12

months.

Chapter 2 describes in vivo testing of two different sizes of GRE in 12

healthy volunteers in fed and fasted states. Bioavailability and pharmacokinetics of

HCTZ were determined and compared to a commercially available immediate



2

release HCTZ tablet formulation. Deconvolution of urinary excretion data was used

to determine gastric residence time of the different HCTZ formulations.

Chapter 3 evaluates the initial blood pressure lowering effects and side

effects of HCTZ from a large gastric retention formulation in 10 subjects with stage

1 hypertension compared to immediate release tablets. Daily blood pressure

readings were collected using an electronic home monitor. Side effects were

reported in a questionnaire at the end of each treatment phase.



CHAPTER 1

Development and In Vitro Testing of a Gastric Retention Formulation

Samar F. Farid and James W. Ayres
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ABSTRACT

A drug-containing gastric retention formulation (GRF) made from cross-

linked food-based carbohydrate polymers and other excipients has been developed

at Oregon State University and tested for in vitro drug release characteristics.

Xanthan gum and locust bean gum are used as the main excipients in the GRF.

Polyethylene glycol 400 is added to the gel as a plasticizer. A foam solution of

sodium lauryl sulfate and Carbopol 934 is used to enhance physical characteristics

of the GRF. When freeze dried, GRF were easily flattened and rolled into capsules.

Freeze drying produced GRF that swelled faster and were more rigid than vacuum

oven dried GRF previously described at OSU.

When ingested, the formulation is expected to expand to a size that will

allow it to stay in the stomach, slowly releasing its drug content. After the drug is

released, the formulation will be expelled after it disintegrates.

Hydrochiorothiazide (HCTZ), a drug that has an absorption window, was

slowly released from the formulation for 24 hours in vitro. The release profile of

HCTZ from different sizes of GRF and the release of different doses of HCTZ from

large GRF were studied.

The effect of storage of GRF inside hard gelatin capsules on the rate of

swelling of the capsule shell and release of GRF from it was also studied for 12

months.
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INTRODUCTION

Oral administration is by far the most convenient and preferred means of

drug delivery to the systemic circulation (1). Absorption of drugs from the

gastrointestinal tract is a succession of complex processes. The absorption process

itself is influenced by the nature and surface area of the gastrointestinal mucosa,

gastrointestinal transit time, regional pH, enzymatic activity and colonic microflora

(2,3).

The last three decades have seen significant advances in controlled release

drug delivery systems. Oral dosage forms pass through the small intestine, the

principal site for drug absorption, in 3 to 4 hours under both fasted and fed

conditions (4, 5). Therefore, regardless of the duration of drug release from a

dosage formulation, availability of drug at a specific absorption site remains a

limiting step in many cases (1).

Some drugs have been shown to have a "window of absorption", i.e. are

mostly absorbed from the upper part of the small intestine and once they pass that

window, little or no absorption takes place. Examples of drugs that have an

absorption window or specific absorption sites are amoxicillin (6), ranitidine (7),

hydrochlorothiazide (8) and metoprolol (9). For these drugs, the duration of

absorption is further limited. Thus, the real issue in the development of oral

controlled release drug delivery systems is extending the time for drug absorption



from the small intestine by making the drug reach its absorption site in sustained

amounts to obtain complete and even absorption (10). It is rather difficult to design

dosage forms that will remain at select sites in the small intestine. Most research is

focused on designing platforms that extend gastric retention time (I).

The development of a gastric retention drug delivery system has been a

major challenge to researchers. Several approaches have been studied to retain a

dosage form in the stomach for an extended period of time but with very limited

success. These attempts include designing low density dosage forms that float over

stomach contents (11, 12), high density formulations that retain the dosage form in

the body of the stomach which is anatomically lower than the pyloric sphincter,

bioadhesion to gastric mucosa (13), concomitant administration of drugs or

excipients that slow the motility of the gastrointestinal tract (10, 14) and finally,

dosage forms that swell to a size too large to pass through the pyloric sphincter (15,

16).

Gastric emptying of liquids precedes emptying of solids when given

together in a meal (17-19). The gastric emptying of a meal has been shown to

depend on its type and nutritive density (20). Non-digestible dosage forms with a

diameter greater than 5 mm are emptied from the stomach once a significant

portion of the meal has emptied (21). Thus, gastric emptying time ofa dosage form

can be controlled by maintaining fed conditions, however, that is not a viable,

reproducible approach in real-life situations (22).
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In the fasted state, gastrointestinal motility is characterized by a cyclic four-

phase complex known as the interdigestive migrating myoelectric complex

(IMMC). When pacesetter potentials are coupled with action potentials, peristaltic

contractions associated with the IMMC occur. Phase I of the IMMC is a quiescent

phase where pacesetter potentials are rarely accompanied by action potential. Phase

II is marked by random peristaltic activity. Phase III activity is known as the

activity front or "housekeeper waves" where 100% of the pacesetter potentials are

coupled with action potentials. Phase IV is characterized by a rapid decline in the

peristaltic activity associated with phase III. It is phase III activity, therefore, that

sweeps the residual contents of the stomach into the small intestine. Under

maintained fasting conditions, phase III occurs approximately every 100 minutes

and lasts about 12 minutes (23). For once a day oral drug delivery to be possible for

drugs that have a site-specific absorption window, controlled release dosage forms

should be designed to remain in the stomach by withstanding the propulsive

efficiency of peristaltic contractions associated with phase III of the IMMC (22). A

combination of large dimensions and rigidity can result in prolonged gastric

residence of dosage forms and hence improve absorption properties of drugs that

have a narrow absorption window (24).

An ideal gastric retention formulation should have a size small enough to be

easily swallowed, then reach a size large enough to stay in the stomach. It should

be rigid enough to withstand phase III contractions of the IMMC and finally

disintegrate and leave the body after a desired length of time.



In this research, a gastric retention formulation has been developed using

xanthan gum and locust bean gum. These two macromolecules interact to form a

firm, thermoreversible gel with synergistic effects when mixed and heated to 85°C.

The highest synergism is attained at a 1:1 ratio (25). Polyethylene glycol 400 (PEG

400) is added as a plasticizer. Sodium lauryl sulfate solution is added to the gum

mixture to make it spongy and facilitate rehydration. Carbopol is added to increase

viscosity of the foam mixture and enhance rigidity of the gel.

The model drug used in this work is hydrochiorothiazide (HCTZ), a

thiazide diuretic that has been used to induce diuresis and as an antihypertensive for

decades. Hydrochiorothiazide is mostly absorbed from the duodenum and the first

part of the jejunum (8). Bioavailability of hydrochlorothiazide was enhanced when

given with food (26) and with propantheline (27) through delaying of gastric

emptying in both cases. Sustained release pellets of hydrochiorothiazide have been

shown to be less bioavailable than immediate release tablets because these pellets

were emptied from the stomach and passed the absorption site before completely

releasing their drug content (28). Gastric bypass has also been shown to decrease

absorption of hydrochiorothiazide (29). The above information supports the theory

that hydrochlorothiazide has an absorption window, which makes it a good

candidate for incorporation into a gastric retention formulation.



EXPERIMENTAL

MATERIALS

Xanthan gum (Xantural® 75, Kelco Biopolymers, Chicago, IL), locust bean

gum (Sigma Chemical CO., St. Louis, MO), polyethylene glycol (PEG 400, The

Dow Chemical Company, Midland, MI), soduim lauryl sulfate (Sigma Chemical

CO., St. Louis, MO), Carbopol 934 (BFGoodrich Co., Cleveland, OH) and sodium

hydroxide (Mallinckrodt Baker, Inc., Paris, Kentucky) were used to prepare the

gastric retention formulation (GRF). Hydroxypropyl cellulose (HPC, Klucel, Dow

Chemicals, Midland, MI), polyvinyl pyrrolidone (PYP, Povidone K-30, Sigma

Chemicals, St. Louis, MO), ethylcellulose (Surelease, Colorcon, West Point, PA)

and Opadry (Colorcon, West Point, PA) were used to prepare drug-layered,

sustained release beads. The model drug incorporated in the GRF is

hydrochlorothiazide (Sigma Chemical CO., St. Louis, MO).
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METHODS

Preparation of GRF

1. Before begirming, prepare all ingredients and molds.

2. Add 0.75 g locust bean gum to 100 ml deionized water (DIW) with

continuous mixing followed by 0.75 g xanthan gum. (Slowly sprinkle a

small amount of the gum on the surface of water then mix well before

adding another portion).

3. Leave the gum suspension from step # 2 to swell fully for 2 hours (Figure

1.01 a).

4. Prepare the foam solution: Warm 25 ml DIW to about 50°C and then

dissolve 0.125 g sodium lauryl sulfate. Suspend 0.075 g Carbopol 934 and

stir rapidly with a magnetic stirrer for 2 hours (Figure 1.01 b).

5. Adjust pH of the foam solution from step # 4 with 1 N NaOH to 7 7.5. Put

the neutralized foam solution in an ice bath to set the foam. Remove from

the ice bath and resume stirring at the highest speed.

6. Heat the gum mixture from step #3 above to 80 - 85°C and then add 5 ml

PEG 400.

7. Pour the foam solution from step # 5 above into the gum mixture from step

# 6 above and mix them well.
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8. Add accurately weighed hydrochiorothiazide powder or sustained release

beads to the mixture from step # 7.

9. Reheat the mixture, if necessary, until pourable. Pour into suitable molds.

10. Let filled molds sit at room temperature for 2 hours.

11. Refrigerate filled molds for 2 18 hours. Cut the prepared gel into desired

sizes.

12. Dry the prepared gel in a vacuum oven at 50-55 °C for about 16 hours or

freeze at -80°C for 2 hours, and then freeze dry for 16-24 hours.

13. The dried GRF is easily rolled and fitted into capsules. Three different size

gelatin capsules ('0', '00' and '000') filled with different size GRF

containing hydrochiorothiazide were used in these studies.

Incorporation of hydrochiorothiazide in GRF

Hydrochiorothiazide was added to the prepared GRF step # 8 either as a

powder or as sustained release beads prepared according to the method described

by Kwon (30). Drug-layered beads were first prepared as summarized in table 1.01

then spray coated with a mixture of Surelease® and Opadry® in the ratio of 2:1

until a weight gain of 3 % was achieved.



12

Table 1.01: The amount and percentage of ingredients used to formulate
hydrochlorothiazide layered beads.

Ingredients Weight (gm) Weight %
Sugar (20-mesh) 40 45

Hydrochlorothiazide 40 45
HPC (Kiucel®) 3 3

PVP (Povidone® K-30) 6 7
Deionized water 100
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Dissolution Studies

Dissolution studies were conducted according to the USP XXII paddle

method in enzyme-free simulated gastric fluid (SGF) at 37° C and 50 rpm for 24

hours. Samples were collected at 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 6, 8, 10, 12, 15, 20 and

24 hours. Samples were assayed for HCTZ content using a UV detector at 272 rim.

GRF Size

GRF were cut into rectangles having three different sizes: large gastric

retention formulation (LGRF, 7.5 x 1 x 1.5 cm), medium gastric retention

formulation (MGRF, 5.5 x 1 x 1.5 cm) and small gastric retention formulation

(SGRF, 3.5 x 1 x 1.5 cm) as shown in figure 1.02. The GRF were rolled into three

sizes of hard gelatin capsule: '000', '00' and '0', respectively. Drug release from

different sizes of GRF was studied. Release profiles of doses of 5, 25, 50 and 100

mg HCTZ from LGRF were also studied.
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Effect of Drying

Prepared GRF were either dried in a vacuum oven at 55°C for about 16

hours or in a freeze dryer for 16-24 hours. The effect of these different drying

conditions on drug release was studied in this work.

Prepared GRF were either poured into individual molds of appropriate size

before drying or poured as sheets and cut into the appropriate size after the gel set

and before it was freeze dried, or the entire sheets were freeze dried and then

gastric retention formulations of the right dimensions were cut out of the dry sheet.

The release rate of HCTZ from each method of preparation was studied to

determine whether cutting the dry surface of GRF would modify the release

properties.

Effect of Storage

The effect of storage of GRF inside the gelatin capsule on the rate of release

and speed of hydration of the GRF was studied. Capsules containing GRF were

stored at room temperature for one year and tested at 1, 3, 9 and 12-month

intervals. Dissolution was conducted in 900 ml SGF using the USP paddle method

at 37°C and 50 rpm. Swelling and dissolution of the capsule shell and time for full
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hydration of the formulation were recorded at each sampling time interval and

compared to another formulation that had just been inserted into a new capsule.



RESULTS AND DISCUSSION

Effect of Drying:

Previous work by Kapsi (31) and Ahmed (32) has shown the rectangular

shape GRF to be best for gastric retention. Ingredients used were reported

optimized by Kwon (30) to use a ratio of 1:1 of xanthan gum and locust bean gum

in the GRF. This ratio provides maximum synergy between these two

macromolecules (25). A viscous, dense foam solution of sodium lauryl sulfate and

Carbopol 934 was added to enhance rehydration of the gel by giving it a "spongy"

quality. PEG 400 was added as a plasticizer. However, when vacuum dried, this gel

did not adequately sustain release of hydrochiorothiazide powder incorporated into

it and therefore the drug was formulated in the form of sustained release beads.

Xanthan gum is an anionic polysaccharide consisting of a cellulosic

backbone and a trisaccharide side chain that shows order-disorder conformational

transition. In the ordered structure, the side chains are folded and associated with

the backbone. In the disordered conformation, the side chains project away from

the backbone. Xanthan gum solution of 1 % w/w adopts an ordered conformation at

25 °C. The same concentration has been shown to have a broad endothermic peak

starting at about 45° and ending at about 65°C with a midpoint transitioning
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temperature of 52°C in the presence ofan electrolyte determined by differential

scanning calorimetry (DSC) (33). Unlike vacuum oven drying that involves heating

of the GRF at 55°C for a prolonged period of time (about 16 hours), freeze drying

allowed preservation of the shape and integrity of the GRF and the highly ordered

intermolecular junction zones remain intact. Hydrochiorothiazide release from

sustained release beads was much slower from freeze dried gel than from vacuum

oven dried gel as shown in figure 1.03, possibly because the drug was slowly

released through its sustained release coat and then further release was hindered

more by the gel network from freeze dried than from vacuum oven dried (iRF.

About 50% of hydrochiorothiazide content was released from vacuum oven dried

GRF containing sustained release beads of hydrochiorothiazide in the first two

hours and 100% was released at 24 hours. However, when the same formulation

containing the same dose of HCTZ sustained release beads was freeze dried, only

30% of its drug content was released in 24 hours.

Incorporation of hydrochiorothiazide powder into freeze dried GRF

provided satisfactory sustained release properties. Figure 1.04 shows the

dissolution profile of hydrochiorothiazide as immediate release tablets and as a

powder incorporated in freeze dried GRF. The immediate release tablets release

100% of their HCTZ content in 30 minutes while GRF slowly releases HCTZ to

achieve 100% release by 24 hours, i.e. has acceptable sustained release properties.

It is interesting to note, by comparing figures 1.03 and 1.04, that vacuum dried
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GRF containing sustained release granules and freeze dried GRF containing drug

powder produce very similar drug release versus time curves.
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Because rate of hydration of the dried gel is an important parameter in

determining its gastric retention potential, rates of hydration of freeze dried GRF

and vacuum oven dried GRF were compared. When immersed in SGF, freeze dried

GRF fully expanded and hydrated in 25-35 minutes while vacuum oven dried gel

took 45 to 50 minutes to rehydrate to the same extent. Freeze dried GRF had a

more rigid consistency than vacuum oven dried GRF after rehydration, another

desirable property in a gastric retention formulation. GRF dried by both methods

gained 2 1-28% of their pre-drying weight upon rehydration, where

% Rehydration 100 x (final rehydrated weight weight of dry GRF) / (initial pre-

drying weight weight of dry GRF)

The dimensions, weight and volume of water displaced by different sizes of

GRF before and after freeze drying and rehydration are shown in table 1.02. It is

worthy to note that after rehydration, GRF displace a volume of water greater than

their weight, which indicates the presence of air inside the spongy rehydrated GRF.

The effect of refrigeration time on drug release from GRF was also studied.

Prepared gastric retention formulation was refrigerated for 2 hours or 16 hours

before freeze drying. No difference in the release profile of HCTZ from GRE was

found. GRE were refrigerated for 16 hours in most studies for convenience.

Before freeze drying, GRE was frozen at -80°C for 2 hours. Freezing

between 1 and 24 hours gave essentially identical results but 2 hours was, again,

chosen for convenience. The time needed for complete drying of GRE in the freeze

dryer employed was also studied. Drying time of 16 to 18 hours was sufficient for



24

GRF that was cut to the proper size before freezing, however, if GRF is to be freeze

dried as large sheets and then cut after complete dryness, longer drying time was

needed depending on size, thickness, and surface area of the sheets. The effect of

cutting GRF before or after freeze drying on drug release was studied and is

discussed under dissolution studies presented later in this section.

It is worthy to note that an increase in size of GRF was observed in case of

freeze dried gel, possibly because of the volume expansion that water undergoes

during the pre-freeze drying freezing process, and also due to the high vacuum the

gel is subjected to during freeze drying (about 200 x i0 millibar).

Table 1.02: Physical characteristics and dimensions of different sizes of freeze
dried GRF and after rehydration.

Type of GRF LGRF MGRF SGRF
Pre-drying dimensions (cm)' 7.5 x 1 x 1.5 5.5 x 1 x 1.5 3.5 x 1 x 1.5

Pre-drying weight (gm) 10.5 8 6
Volume displaced pre-drying (mi)2 11.2 7.8 5.5

Dry weight (gm) 0.55 0.45 0.3
Rehydrated dimensions (cm)' 5.2 x 1 x 0.8 3.4 x 1 x 0.7 2.2 x 1 x 0.8

Rehydrated weight (gin) 3.37 2.4 1.5
Volume displaced after rehydration

(ml)2

5 3.5 2.3

1 Dimensions are reported as length x width x height.
2 Volume of water displaced by GRF.



25

Dissolution Studies

Dissolution profiles of 50 mg hydrochiorothiazide powder from different

sizes of freeze dried gastric retention formulations (large, medium and small) were

studied. Appropriate size of hard gelatin capsules was used for each size of GRF so

the formulation was not too tightly packed inside the capsule, which can affect rate

of unfolding and rehydration of GRF. GRF were compressed, rolled, and snuggly

fit into capsules.

Large gastric retention formulations (LGRF) containing 50 mg HCTZ

released about 63% of their drug content at 4 hours while medium gastric retention

formulations (MGRF) and small gastric retention formulations (SGRF) released 55

and 37% in the same amount of time, respectively (figure 1.05). The faster release

rate of HCTZ from the larger GRF may be due to several factors. Large GRF,

having dimensions of 7.5 x 1 x 1.5 cm, weigh about 8 gm before drying. Medium

GRF (5.5 x 1 x 1.5 cm) and small GRF (3.5 x 1 x 1.5 cm) weigh about 6 and 4

grams, respectively. Since the ingredients used to prepare the GRIF are the same in

all sizes, but the amount of HCTZ powder incorporated is 50 mg for each size

GRF, that makes the ratio of formulation ingredients to drug powder higher in the

larger GRF. PEG 400 used as a plasticizer in the gel also has solubilizing

properties. It can be used to enhance aqueous solubility of poorly soluble

compounds (34). The higher PEG 400 to HCTZ ratio in the large GRF may be

related to faster release of HCTZ from LGRF. Moreover, the higher drug to
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xanthan gum ratio can hinder drug release from the matrix. Solvent front

penetration has been shown to be impeded in xanthan gum matrices with higher

drug content for tablets compressed from powders containing diclofenac sodium.

Solvent molecules bombard the polymer chains in a random fashion. The presence

of solid drug particles embedded in the polymer networkmay hinder movement of

water molecules through the hydrated matrix (35).

The length of diffusional path from the center to the surface of the matrix is

expected to be another important factor in drug release. The length of this path is

greatest in LGRF, which would be expected to hinder drug release, however,

release from LGRF was faster than from MGRF which, in turn, was faster than

release from SGRF. This factor was not dominant in the GRF.





Release rate of different doses of HCTZ from LGRF was also studied.

Doses of 5, 25, 50 and 100mg HCTZ were incorporated into LGRF. Release rate

of the smaller doses was faster than the larger doses as shown in figure 1.06. About

87 % of the 5 mg dose was released in the first 4 hours of dissolution. About 69 %

and 63 % of the 25 and 50 mg dose, respectively, and only 38 % of the 100 mg

dose was released in 4 hours. This agrees with the assumption that when HCTZ to

formulation ingredients is low, drug release form GRF is faster. It is important to

point out that even though the rate of release of HCTZ from smaller doses is faster

than from bigger ones, the amount released is greater for the bigger doses as shown

in figure 1.07. At 10 hours, 5, 25, 41.5 and 56.4 mg of HCTZ were released from

the 5 mg, 25 mg, 50 mg and 100 mg doses, respectively.
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Release rate of 25 mg HCTZ from LGRF was studied when the gel was

poured into appropriately sized and shaped molds, when poured as sheets and then

cut after the gel cools and solidifies, and when poured and freeze dried as large

sheets followed by cutting into the proper size after drying. Figure 1.08 shows no

difference in release profile of HCTZ from the three different methods of

preparation. This finding is of great importance in upgrading the preparation

process to an industrial scale.
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Effect of Storage

The effect of storage for a year on gastric retention formulations inserted

into hard gelatin capsules stored at room temperature was studied. Liquid

polyethylene glycols may preferentially absorb moisture from gelatin in the capsule

shell which may result in hardening of the capsule shell, delaying swelling and

dissolution of the shell and consequently, release of its contents (34).

No significant difference was observed in the rate of capsule shell swelling,

or dissolution and time for GRF to unfold and swell when tested after 1, 3, 9 and 12

months of storage as shown in table 1.03.

Table 1.03: Effect of storage on gastric retention formulations stored in hard gelatin
capsules.

Time of
storage
(month)

Type Time for
capsule shell to

swell (mm)

Time for
capsule shell to

dissolve
(mm)

Time for
GRF to swell

(min)*

1 Fresh 4.5 14 23
Stored 5.25 15 25

3 Fresh 6 16 28
Stored 5.5 13 22

9 Fresh 3.5 13 20
Stored 3 14.5 22

12 Fresh 5 16 30
Stored 6 12 28

* Time for GRF to visually reach rehydrated size.
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CONCLUSIONS

A gastric retention formulation made of food-based carbohydrates (xanthan

gum and locust bean gum), polyethylene glycol 400 and a foam solution of sodium

lauryl sulfate and Carbopol 934 was developed containing hydrochiorothiazide and

tested for in vitro drug release characteristics.

Setting and refrigeration of the gastric retention formulation between 2 and

16 hours does not affect release of hydrochlorothiazide from the formulation.

Freezing the formulation between 1 and 24 hours before freeze drying was also

acceptable.

Freeze drying of the gastric retention formulation produced a flexible

spongy formulation that was more rigid after rehydration than when vacuum oven

dried, but could still be easily flattened and rolled into standard sized capsules.

Hydrochlorothiazide release rate from large (7.5 x 1 x 1.5 cm) gastric

retention formulation was faster then from medium (5.5 x 1 x 1.5 cm) and small

(3.5 x 1 x 1.5 cm) gastric retention formulations. Also, drug release rate from large

gastric retention formulations containing small doses of hydrochlorothiazide was

faster than release rate from bigger doses.

Release profile of hydrochlorothiazide from large gastric retention

formulations was the same whether the formulation was poured into molds having
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the desired size, or poured as large sheets and then cut after the gel solidifies, or cut

from sheets after freeze drying.

Storing of gastric retention formulations inside hard gelatin capsules for up

to 12 months does not affect the rate of swelling and dissolution of the capsule shell

or the rate of hydration of the gastric retention formulation inside it.
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CHAPTER 2

Pharmacokinetics and Bioavailability of Hydrochiorothiazide
From a Gastric Retention Formulation
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ABSTRACT

The gastric residence time, pharmacokinetics and bioavailability of drug

from two different sizes of gastric retention formulations (GRF) has been evaluated

using hydrochiorothiazide, a drug that has an absorption window limited to the

upper small intestine.

Twelve healthy volunteers ingested one immediate release (IR) tablet or one

of two different sized GRF containing the same dose of hydrochiorothiazide on six

different occasions, three of which were fed and three were fasted. In each study,

urine was collected for 72 hours after administration and assayed for

hydrochiorothiazide using HPLC. A four-day washout period occurred before

another dose was taken.

Bioavailability of drug from the larger formulation, called medium gastric

retention formulations (MGRF) in this study was comparable to JR tablets in both

fed and fasted states. When smaller gastric retention formulations (SGRF) were

given on a fed stomach, drug bioavailability was similar to drug from JR tablets in

the fasted state. However, when given in the fasted state, bioavailability from

SGRF was less than from JR probably due to expulsion of the SGRF from the

stomach before all drug was released.
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Deconvolved input functions from biostudy data suggest that the GRF

stayed in the stomach for 12-28 hours slowly releasing its drug content but input

from IR tablets stopped after about 3 hours in both the fed and fasted states.
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INTRODUCTION

Since the discovery of chlorothiazide in 1957, thiazide diuretics have

become the most widely prescribed drugs in the world (1). Hydrochiorothiazide, 6-

Chloro-3, 4-dihydro-7-sulfamoyl-2H- 1 ,2,4-benzothiadiazine 1,1-dioxide, is a

thiazide diuretic widely used for treatment of hypertension, congestive heart failure

and other conditions in which sodium and water retention and, consequently,

edema occur (2, 3). Dose of hydrochiorothiazide (HCTZ) is individualized based

on patient's requirements and response. For treatment of edema, the usual initial

adult dose is 25-200 mg daily given in 2 or 3 divided doses, then changed to a

single daily maintenance dose of 25-50 mg. For management of hypertension,

hydrochiorothiazide is usually started at single daily doses of 25-100 mg and then,

according to the patient's blood pressure, changed to single daily maintenance

doses of 25-50 mg (4). When combination therapy is required for patients,

commercially available fixed combinations should not be used initially. The dose

of each drug should first be optimized by administering the drugs separately before

a fixed combination is used. The usual daily dose of HCTZ in children 6 months to

12 years is 2-2.5 mg/kg in 2 divided doses. Infants under 6 months of age may

require up to 3.5 mg/kg in 2 divided doses (4).

+Thiazide diuretics exert their effect in the kidney by inhibiting Na Cl

cotransporter in the distal renal tubule, thus preventing reabsorption of these two
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ions. This effect is manifested as an initial decrease in extravascular volume and

cardiac output. However, the major antibypertensive effect of long term

administration of thiazides appears to be due to vasodilation rather than just loss of

electrolytes and free water (1, 5). It is not clear whether the vasodilatory effect is

due to direct interaction with the vascular cell wall (5 - 7) or secondary to diuretic-

induced changes in sodium balance (8 -10).

Pharmacokinetics

Absorption

Hydrochiorothiazide absorption occurs mostly in the duodenum and the

upper part of the jejunum (3). Though the exact mechanism of absorption is not

well defined, an active saturable transport system is thought to exist (11).

Absorption of HCTZ has been shown to increase when given with food probably

due to slower delivery to the absorption site which promotes drug uptake (12).

Concomitant administration of hydrochiorothiazide with propantheline, a drug

known to delay gastric emptying, increased the amount of HCTZ recovered in urine

by 40% following a 75 mg dose in fasting subjects accompanied by a delay in the

maximal plasma level of HCTZ (13). Gastrointestinal absorption of HCTZ has

been substantially reduced after intestinal shunt surgery. Mean total urinary
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recovery of HCTZ in this population was about half of what is seen in healthy

volunteers. The initial phase of the plasma concentration time curve appears similar

to that of healthy subjects, but concentrations declined rapidly after the peak. These

findings suggest that short intestinal transit time, and not impaired absorption, is

responsible for the decreased absorption since these patients had an intact

duodenum and upper jejunum (14). These findings make HCTZ a poor candidate

for traditional sustained release dosage forms. When formulated as sustained

release pellets, the drug had only half the bioavailability of immediate release

tablets because the pellets passed the absorption site before releasing complete drug

content (15). Thus, hydrochiorothiazide and other drugs that have windows of

absorption are best formulated as dosage forms that have prolonged gastric

residence time where the formulation stays in the stomach for a prolonged length of

time and slowly releases drug content over an extended period of time.

Distribution

Orally administered hydrochiorothiazide follows a two compartment open

model (16). The peak plasma concentration is reached within 1.5-5 hours from a

single oral dose (2, 11). Peak plasma concentrations (Cmax) average 70 nglml, 142

nglml, 260 nglml and 376 nglml following a single oral dose of 12.5 mg, 25 mg, 50

mg and 75 mg, respectively (17). Dose proportionality of HCTZ has also been

shown in another study in the dose range of 25 -100 mg (18). The distribution
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phase has a half life (a) of 1 to 2 hours and the terminal elimination phase has a

half life (13) of about 5 to 14 hours (2, 16-18). Sustained hydrochlorothiazide input

is desirable to extend the effect of this short half life drug. Reducing Cmax relative

to immediate release tablets is also desirable to decrease the intense urinary

urgency associated with high Cmax values.

Metabolism and Elimination

Hydrochlorothiazide is mainly eliminated unchanged in the kidneys, thus

cumulative excretion amount of the drug is the best measure of bioavailability (2,

17). Urinary excretion rate of HCTZ mirrors its time course in the plasma (11). The

mean renal clearance did not vary with doses between 12.5 and 75 mg and

averaged 345 to 319 ml/min, respectively, in healthy volunteers (17). In

hypertensive patients, average renal clearance of HCTZ was also found to be 317

ml/min following a 75 mg dose given for two-weeks (19).

Large GRF (7.5 x 1.5 x 1 cm) have previously been shown to be large

enough and rigid enough to withstand the strong contractions of the housekeeper

waves in the fasted state (20). The main objective of this study was to evaluate two

smaller GRF and to find if and for how long they would be able to withstand

stomach contractions in the fed and fasted states.



In this research, two sizes of gastric retention formulations containing 50

mg HCTZ were given to 12 healthy volunteers and compared to the commercially

available immediate release HCTZ tablets. Gastric retention formulations were

prepared from the food-based carbohydrates xanthan gum and locust bean. gum and

other formulation ingredients. Urine was collected for 72 hours post-dose and

assayed for HCTZ content using HPLC.



EXPERIMENTAL

MATERIALS

Formulation Ingredients

Hydrochiorothiazide immediate release tablets (50 mg, IVAX

Pharmaceuticals, Inc., Miami, FL) were used as control.

Xanthan gum (Xantural® 75, Kelco Biopolymers, Chicago, IL), locust bean

gum (Sigma Chemical CO., St. Louis, MO), polyethylene glycol (PEG 400, The

Dow Chemical Company, Midland, MI), soduim lauryl sulfate (Sigma Chemical

CO., St. Louis, MO), Carbopol 934 (BFGoodrich Co., Cleveland, OH) and sodium

hydroxide (Mallinckrodt Baker, Inc., Paris, Kentucky) were used to prepare the

gastric retention formulation (GRF) containing 50 mg hydrochiorothiazide (Sigma

Chemical CO., St. Louis, MO) according to the method described in chapter 1.

Sizes of Gastric Retention Formulations Used in Biostudy

In this study, small gastric retention formulations (SGRF) with the

dimensions of 3.5 x 1 x 1.5 cm before drying and containing 50mg HCTZ were

fitted into '0' capsules. Medium gastric retention formulations (MGRF) with the
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dimensions of 5.5 x 1 x 1.5 cm before drying and containing 50 mg HCTZ were

fitted into '00' capsules.

Reagents for HPLC Assay

Methanol (HPLC grade, Fisher Scientific, Fair Lawn, NJ), acetronitrile

(HPLC grade, Fisher Scientific, Fair Lawn, NJ), glacial acetic acid (HPLC grade,

Fisher Scientific, Fair Lawn, NJ) and deionized prefiltered water.

METHODS

Study protocol was approved by the Oregon State University Institutional

Review Board (IRB). The study was performed between January and April of

2003. All subjects gave their written informed consent prior to participation in the

study. The study was done in two phases: fed and fasted.

Subject Population

Twelve healthy volunteers (five females and seven males) participated in

this study. Subjects aged between 26 and 43 years and weighed between 45 and

117 kg.
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Study Design

In each phase of the study, each of the subjects received 50 mg HCTZ in the

form of either immediate release tablets, MGRF or SGRF in a randomized cross-

over fashion with a wash-out period of at least 4 days.

Phase I (fed study):

Subjects were not allowed to consume any alcohol from two days before

and during the study. They were also instructed to limit caffeine intake to a

maximum of two 8-ounce cups of coffee per day during the study period.

Subjects were instructed to fast overnight (10 hours or longer) and arrive at

the research lab at 9:00 am. They were given a standardized breakfast consisting of

a sausage sandwich, hash browns and orange juice, immediately followed by the

treatment dose with 200 ml of water. No food was allowed for 2 hours after dosing.

No fluid restriction was implemented in the study. Subjects were instructed to

collect and measure all urine they produced every hour for the first 4 hours (0-4),

every 2 hours for the next 8 hours (4-12), once in the next 3 hours (12-15), once in

the next 9 hours (15-24) then every twelve hours for a total collection time of 72

hours. Total urine volume was measured and recorded in order to calculate total

amount of drug recovered. Aliquots of urine samples were kept frozen until the day

of assay.
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Phase II (fasted study):

Subjects were instructed to fast overnight (10 hours or longer) and arrive at

the research lab at 9:00 am. They were given the treatment dose with 200 ml of

water. No food was allowed for 2 hours after dosing and then a standardized

breakfast was provided. Breakfast consisted ofa sausage sandwich, hash browns

and orange juice. No fluid restriction was implemented in the study but alcohol and

caffeine restrictions were applied. Urine collection scheme was the same as for

phase I.

HPLC Assay

Chromatographic Conditions

The column was a reverse-phase micro-particulate Cl 8 (Luna® Cl 8,

particle size 5 rim, 26 cm x 4.6 mm, Phenomenex, Torrance, CA) preceded by a

C18 guard column (ODS, 4 x 3 mm, Phenomenex, Torrance, CA). HPLC (High

Performance Liquid Chromatography) assay used for determination of HCTZ

content in urine was modified from the method developed by Papadoyannis, et a!

(21). Mobile phase consisted of acetronitrile and de-ionized water (containing I %

glacial acetic acid) in the ratio of 15:85 v/V. Mobile phase was prepared by mixing
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exact volumes of acetronitrile and water, then filtering under vacuum through a 2

tm filter, and degassed before use. Flow rate was set at 1.5 ml/min using a Hitachi

L-6000 pump (Hitachi Ltd., Tokyo, Japan). Samples were injected using an

automatic sample injector (Waters WISP Model 7 lOB, Waters Associates, Milford,

MA). Ultraviolet absorbance was detected at 271 nm using a spectrophotometer

(Spectra 100, Spectra Physics, NY). Peak areas were determined by an integrator

(SP4290, Spectra Physics, NY).

Standard Solutions

Hydrochiorothiazide stock solution (100 ig/ml) was prepared by dissolving

100 mg HCTZ in 300 ml methanol in a 1-liter flask, then completing the volume to

1000 ml using de-ionized water. Standard solutions of 1, 2, 5, 10, 15, 25 and 50

pg!ml were prepared by serial dilution of the stock solution. Standard solutions

were also used to spike blank urine with HCTZ to obtain concentrations of 1, 2, 5,

10, 12.5 and 15 jig/mi of HCTZ.

Sample Preparation

Urine samples were thawed and centrifuged for 15 minutes at 3000 rpm.

Internal standard (0.1 ml of 500 jg/ml chiorothiazide) was added to I ml of urine
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sample and vortex mixed for 30 seconds. 200 .tL of the mixed solution was added

to a solid phase extraction Cl 8 cartridge (Strata C 18 E, Phenomenex, Torrance,

CA) pre-conditioned with I ml methanol followed by 1 ml water. After applying

the sample, the cartridge was washed with 3 ml of water, then dried using vacuum

for 2 minutes. Residue on the cartridge was eluted using 3 ml methanol. Extracted

samples were evaporated to dryness under vacuum at 55°C. The residue was

reconstituted using 200 pL methanol of which 20 pL were injected into the HPLC

column. Retention time of HCTZ was about 9 minutes. A standard curve was

constructed by plotting peak area ratio of HCTZ to internal standard against HCTZ

concentration. Sensitivity of the assay was high enough to detect concentrations of

1 .tg/ml with a linear relationship between peak area ratios and HCTZ

concentrations in urine of Ito 15 p.gJml (R2 0.9937). A typical standard curve of

HCTZ in urine is shown in figure 2.01.

Data Analysis

Pharmacokinetic Analysis

A two-compartment model was used to describe pharmacokinetic data using

the computer software WinNonlin®, version 3.2 (Pharsight Corp., CA). The

different treatments were compared in the first 48 hours post-dosing by
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investigating total urinary recovery of the drug (A048), maximum urinary excretion

rate (Rmax) and the time required to reach Rmax (Tmax). Rmax and Tmax were

determined from the individual urinary excretion rate versus time curves by

plotting the urinary excretion rate against the midpoint of urine collection time

interval (22). A048 was determined from the individual cumulative urinary

excretion versus time curve, a plot that relates cumulative amount of drug excreted

in urine to the midpoint of the collection interval.

Statistical Analysis

Analysis of variance (ANOVA) was applied to area under the urinary

excretion rate curve (AURC) calculations. The analysis of variance model included

sequence, subject nested within sequence, period and treatment (different

formulations in fed and fasted states) as factors. A 5% level of significance was

used for the ANOVA comparisons.

Tukey' s honestly significant difference (HSD) test was applied to compare

the different treatments and evaluate all pairwise comparisons among treatments

(23). The level of significance was 5%. Statistical analysis was done using the

computer software: The SAS® System (SAS Institute Inc., USA).

Deconvolution

Input functions from the biostudy data were determined using the computer

software WinNonlin® (Pharsight Corp., CA). Deconvolution allows separation of
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the mathematical description of drug travel through the body into input (i.e.

absorption) and output (i.e. elimination) functions. Little or no absorption occurs

for drugs with an absorption window in the upper part of the small intestine once

the drug passes the absorption site. Cumulative drug input over time predicted by

deconvolution was used to determine gastric retention time for GRF. Gastric

residence time for a formulation can thus be determined as the time when

cumulative amount of drug input versus time reaches a plateau. This indicates the

time at which the formulation leaves the stomach and drug absorption stops. The

input response used was the urinary excretion rate of HCTZ from the different

formulations and the impulse response used was elimination rate constants a and

obtained from biostudy data. Profiles of amount of drug absorbed were generated

for each subject and average data were also obtained and plotted.
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RESULTS AND DISCUSSION

Twelve healthy volunteers participated in both the fed and fasted phases of

the biostudy. Absorption of HCTZ from different formulations was evaluated from

urinary excretion data. Individual urinary excretion curves of the IR formulations in

both the fed and fasted states were hand drawn and stripped to find initial

phannacokinetic parameters (A, B, a,
1

and k01) for each subject. These initial

individual pharmacokinetic parameters were used in compartmental data fitting for

each subject using WinNonlin®. Individual urinary excretion curves were also

fitted non-compartmentafly. Average A, B, a, (3,lcrn and mean residence time

(MRT) from individual data are shown in tables 2.Ola (fed) and 2.OIb (fasted).

Average a, (3 and k01 in the fed state were found to be 0.332 ± 0.26 hf', 0.106 ±

0.032 hr1 and 0.607 ± 0.373 hr1, respectively from compartmental analysis, and

0.379 ± 0.065 hr', 0.09 ± 0.0 155 hr'and 0.764 ± 0.398 hf' , respectively from

non-compartmental analysis. Average a, (3and k01 in the fasted state were found to

be 0.53 1 ± 0.207 hr1, 0.094 ± 0.052 hr and 0.765 ± 0.73 hf1, respectively from

compartmental analysis, and 0.447 ± 0.084 hr , 0.074 ± 0.0 18 hr4 and 0.629 ±

0.23 8 hf', respectively from non-compartmental analysis. A previous study has

reported a of 0.34 ± 0.06 hr1 and 0.35 ± 0.09 hr', (3of 0.072 ± 0.02 hr and 0.075



± 0.02 hr' and k01 of 0.85 ± 0.33 hf' and 0.79 ± 0.39 hf' for two HCTZ immediate

release formulations in the fasted state (24).

Table 2.Ola: Average pharmacokinetic parameters from compartmental and non-
compartmental analysis of individual data after oral administration of 50 mg HCTZ
JR tablets to 12 fed volunteers.

'PK analysis

type

Parameter A B k01 a MRT

Units mg/hr mg/hr 1/hr 1/hr 1/hr hr

Compartmental Average 31.624 1.49 0.607 0.332 0.106 9.71

SD 21.099 1.002 0.373 0.26 0.032 3.26

Non-

compartmental

Average 21.164 1.333 0.764 0.379 0.09 8.69

SD 17.756 1.098 0.398 0.065 0.0155 2.97

Table 2.Olb: Average pharmacokinetic parameters from compartmental and non-
compartmental analysis of individual data after oral administration of 50 mg HCTZ
IR tablets to 12 fasted volunteers.

PK analysis

type

Parameter A B k01 a t3 MRT

Units mg/hr mg/hr 1/hr 1/hr 1/hr hr

Compartmental Average 48.945 0.96 0.765 0.531 0.094 12.36

SD 16.57 0.808 0.73 0.207 0.052 3.43

Non-

compartmental

Average 40.972 0.591 0.629 0.447 0.074 7.77

SD 12.26 0.222 0.238 0.084 0.018 2.69



The cumulative amount of HCTZ excreted in urine is directly related to the

total amount absorbed because HCTZ is mostly excreted unchanged in urine (17).

Total urine output was collected from each of the 12 subjects for 72 hours. No or

insignificant amounts of HCTZ were recovered in urine beyond 48 hours.

Mean pharmacokinetic (PK) parameters after administration of the different

treatments in the fed state are shown in table 2.02. Individual pharmacokinetic

parameters for each subject when given each of the 3 treatments in the fed state are

shown in the appendix (tables A.Ola A.01l).

Table 2.02: Mean PK parameters of HCTZ after oral administration of 50 mg JR
tablets or GRF capsules to 12 fed volunteers.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 31.48 ±

5.82

27.35 ±

4.42

21.67 ±

6.95

Maximum urinary excretion rate (mg/br) 6.7 ± 1.24 2.19 ± 0.57 1.8 ± 0.62

Time of maximum urinary excretion rate

(hr)

2.75 ±

1.27

6.63 ± 2.7 6.71 ± 3.74

Area under the urinary excretion rate

curve(mg)

33.06 ±

6.7

29.21 ± 5.2 23.65 ±

8.22
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Average urinary excretion rates of HCTZ and average cumulative amounts

excreted in urine from the different formulations in the fed phase of the biostudy

are shown in figures 2.02a and 2.02b. The largest mean value of recovery from 0-

48 hours in the fed state was observed for the immediate release tablets followed by

MGRF and then SGRF.

Individual data of recovery from 0-48 hours for the three treatments in the

fed state are shown in the appendix (figures A.Ola- A.12b).







Mean pharmacokinetic (PK) parameters after administration of the different

treatments in the fasted state are shown in table 2.03. Individual pharmacokinetic

parameters for each subject when given each of the 3 treatments in the fasted state

are shown in the appendix (tables A.02a A.02l).

Average urinary excretion rates of HCTZ and average cumulative amounts

excreted in urine from the different formulations in the fasted phase of the biostudy

are shown in figures 2.03a and 2.03b. The largest mean value of recovery from 0-

48 hours in the fasted state was observed for the immediate release tablets followed

by MGRF and then SGRF. Individual data of recovery from 0-48 hours for the

three treatments in the fasted state are shown in the appendix (figures A. 13 a-

A.24b).



Table 2.03: Mean PK parameters of HCTZ after oral administration of 50 mg JR
tablets or GRF capsules to 12 fasted volunteers.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 25.43 ± 23.4 ± 4.85 17.93 ±

5.8 4.37

Maximum urinary excretion rate (mg/hi) 6.44 ± 2.13 ± 0.8 2.07 ± 0.73

1.03

Time of maximum urinary excretion rate 2.3 ± 0.78 4.125 ± 3.25 ± 0.45

(hi) 2.19

Area under the urinary excretion rate 26.72 ± 24.82 ± 19.43±

curve (mg) 5.36 5.25 4.86







Figure 2.04 shows the mean cumulative amount of drug absorbed versus

time deconvolved from the average biostudy data for JR. MGRF and SGRF

formulations in the fed state. Time of drug input is about 3, 28 and 15 hours for IR,

MGRF and SGRF, respectively, in the fed state. Because HCTZ has a window of

absorption, the time for drug input can be used to reflect the time the formulation

stays in the stomach. Individual deconvolved input functions from biostudy data for

each subject are shown in the appendix (figures A.25a-A.25l).

Figure 2.05 shows the mean cumulative amount of drug absorbed versus

time deconvolved from the average biostudy data for IR, MGRF and SGRF

formulations in the fasted state. Time of drug input is about 3, 20 and 12 hours for

IR, MGRF and SGRF, respectively, in the fasted state. Individual deconvolved

input functions from biostudy data for each subject are shown in the appendix

(figures A.26a-A.261).

In the presence of food, peristaltic activity of the stomach is random and not

very strong. MGRF and SGRF are able stay in the stomach for 28 and 15 hours,

respectively. In the fasting state when phase III housekeeper waves are dominant,

MGRF and SGRF can withstand these strong contractions for 20 and 12 hours,

respectively. Because fasted subjects were fed two hours post dosing and food was

not restricted after that time, it is expected that alternating periods of phase I-TV

contractions occurred throughout the remainder of the study. Because of its larger

size, MGRF stays in the stomach longer than the SGRF in both the fed and fasted

states.



Drug release from MGRF is faster than from SGRF in vitro and in vivo as

demonstrated in deconvolution curves (figures 2.04 and 2.05). This is due to the

fact that SGRF stays in the stomach for a shorter period of time and during the time

it is present in the stomach, SGRF releases HCTZ at a rate slower than MGRF. In

vitro dissolution profiles of MGRF and SGRF are shown in figure 2.06.
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Statistical analysis of the biostudy data showed that sequence, subject and

period had no significant effect on results. Only the treatment had a very significant

effect (p-value 0.0001). To further investigate which treatments were

significantly different, Tukey's HSD test was applied. There was no significant

difference between AURC of JR fed, IR fasted and MGRF fed (means = 33.06 ±

6.7, 26.72 ± 5.36 and 29.21 ± 5.2 mg, respectively), indicating a difference in

bioavailability could not be detected in 12 subjects for these three formulations.

There was also no significant difference between AURC for MGRF fasted, SGRF

fed and SGRF fasted (means = 24.82 ± 5.25, 23.65 ± 8.22 and 19.43 ± 4.86,

respectively). There was also no statistically significant difference between JR

fasted, MGRF fed, MGRF fasted and SGRF fed.

Bioavailability of HCTZ in LGRF (larger than the current study) has

previously been shown higher than for JR tablets (20). HCTZ release from GRF in

the current study was relatively slow in vitro. Thus when in vitro release is

enhanced, superior bioavailability compared to the JR tablets is expected for both

MGRF and SGRF.

Table 2.04 shows average urine output data for each formulation. Figures

2.07 and 2.08 show the average urine output from 12 subjects in the fed and fasted

states, respectively. There was no significant difference between the total urine

volumes excreted over 48 hours with any formulation in either study phase.

However, maximum urine output for GRF was lower than JR and occurred at a

later time. The subjects reported reduced urinary frequency and urgency, which are
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two of the biggest side effects associated with HCTZ administration, and reduced

nausea and dizziness associated with GRF administration as compared to the

commercially available IR tablets. Side effects reported by subjects while taking

the study treatments are summarized in table 2.05. It is important to note that the

reduction in maximum urine output in case of GRF is not proportional to the

reduction in maximum urinary excretion rate (Rmax). MGRF and SGRF produce an

average Rmax of 2.19 and 1.8 mg/hr in the fed state and 2.13 and 2.07 mg/hr in the

fasted state, respectively. IR tablets produce an average Rmax of 6.7 and 6.44 mg/hr

in the fed and fasted states, respectively, i.e. about 3 times higher than the sustained

release formulations. It can thus be concluded that lower Rmax from GRF is

unexpectedly almost equally effective in terms of maximum rate of urine output to

higher Rmax from lIP, and therefore drug effectiveness is now shown to be increased

by decreasing the rate of drug input.

Figures 2.09a, 2.09b, 2.1 Oa and 2.1 Ob show the relationship between

average urine output (response) and average urinary excretion rate for different

formulations in the fed and fasted states, respectively. It is surprising that

immediate release formulations show one relationship for effect versus drug

concentration profile and the GRF sustained drug input produces a different effect

versus drug concentration profile. The plot of response versus concentration

demonstrates a counter clockwise hysteresis loop for IR tablets in both the fed and

fasted states, which often reflects a time delay between the observed

pharmacological response and sampling compartment. In case of MGRF and
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SGRF, a clockwise hysteresis ioop is shown, probably due to slow drug input from

sustained release formulations which compensates the time delay. Clockwise

hysteresis ioops are often interpreted as tolerance (25).

Table 2.04: Average urine output data for IR tablet and GRF in fed and fasted
states.

Ill/fed MGRF/ SGRF/ Ill! MGRF/ SGRF/

fed fed fasted fasted fasted

Totalurine 4616± 4738± 4826± 4319± 4645± 4520±

output 1075 1109 1791 1540 1003 890

Maximum 280 ± 226 ± 129 267 ± 145 290 235 ±92 215 ± 113

urine output 166 196 ± 138 228 ± 141 ±129 205 ±96 199 ± 105

(mllhr) 174± 102

Time for 2.5 3.5, 7 3.5, 7 3.5 3.5, 7 1.5, 3.5, 9

maximum

urine output

(hr)
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Table 2.05: Side effects reported by subjects while taking IR tablets, MGRF or
SGRF.

Reported side effects Number of subjects

IR MGRF SGRF

Urinary frequency 12 4 3

Urinary urgency 12 2 1

Headache 5 1 0

Dizziness 3 0 1

Nausea 3 0 1

Other 0 1 (constipation) 0















CONCLUSIONS

Bioavailability and pharmacokinetics of hydrochlorothiazide from two sizes

of freeze dried gastric retention formulations were determined and compared to an

immediate release tablet to evaluate drug bioavailability and gastric residence time

of the GRF. GRF were successful in staying in the stomach and providing sustained

input of HCTZ. On average, drug input was about 3 hours from IR, 28 hours from

MGRF and 15 hours from SGRF in the fed state and about 3 hours, 20 hours and

12 hours for IR, MGRF and SGRF, respectively, in the fasted state.

Both MGRF and SGRF produced significantly lower urinary excretion

peaks of drug for a longer time but equal output of urine in rate and volume

compared to JR tablets. This can translate to longer blood pressure control (greater

Tmax) with fewer side effects (lower Rmax) for HCTZ.

There was no statistically significant difference between AURC of MGRF

in the fed state and that of JR in the fed or fasted states indicating equal

bioavailability of these formulations in the current study design. There was also no

significant difference between AURC for MGRF fasted, SGRF fed and SGRF

fasted and no statistically significant difference between JR fasted, MGRF fed,

MGRF fasted and SGRF fed. The difference in bioavailability was in rate rather

than extent as expected, due to slow release of HCTZ from GRF. This study shows

that both MGRF and SGRF have enough size and rigidity to withstand the strong



contractions of the housekeeper waves which allows them to remain in a fasted

stomach. When in vitro drug release from GRF is enhanced, higher bioavailability

is expected.

The freeze dried gastric retention formulations described in this research are

an excellent means of delivering drugs that have limited absorption sites in the

upper small intestine and for investigating new drug molecules in drug

development.
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CHAPTER 3

Pilot Cross Over Study of a Novel Hydrochiorothiazide Formulation
in Stage 1 Hypertension

Samar F. Farid and James W. Ayres



ABSTRACT

The initial blood pressure lowering effects and side effects of drug from a

gastric retention formulation have been evaluated and compared to immediate

release tablets using hydrochiorothiazide, a drug that has a window of absorption in

the upper small intestine.

Ten subjects with stage I hypertension participated in this study. After

collecting a three day baseline blood pressure, each subject ingested one immediate

release (IR) tablet or one gastric retention formulation (LGRF) containing the same

dose of hydrochlorothiazide once a day after breakfast for 7 days, then was crossed

over to the second treatment with no washout period. The subjects were asked to

measure blood pressure four times a day using a provided automatic blood pressure

monitor.

Gastric retention formulations produced less blood pressure fluctuation in

most subjects than JR tablets. Drug side effects were less frequent and less severe

while on LGRF than for IR. LGRF produced an average reduction in systolic blood

pressure of 3 mm Hg lower than JR regardless of sequence of administration. This

difference is not of clinical significance in this short study, but coupled with other

advantages and the potential for greater effects when the formulations are taken for

a longer period of time, suggests that gastric retention formulations are promising



drug delivery systems. A larger and longer study is desirable to confirm the

advantages of gastric retention formulations.
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INTRODUCTION

Hypertension, or high blood pressure, is defined as systolic blood pressure

(SBP) of 140 mm Hg andlor diastolic blood pressure (DBP) of 90 mm Hg.

"Prehypertension" is systolic pressure of 120-139 mm Hg andlor diastolic pressure

of 80-89 mm Hg (JNC VII) (1). High blood pressure increases the heart's

workload, causing the heart to enlarge and weaken over time. It also increases the

risk of stroke, heart attack, kidney failure and congestive heart failure. When

hypertension exists with obesity, smoking, high blood cholesterol levels or

diabetes, the risk of heart attack or stroke increases several times (2).

As many as 50 million Americans, 6 years and older, have high blood

pressure. Of all people with hypertension, 30% don't know that they have it, 11%

are not on therapy, 25% are on inadequate therapy and only 34% are on adequate

therapy (2). A higher percentage of males than females have hypertension until age

55. From 55-74, the percentage of women with high blood pressure is slightly

higher and after that, a much higher percentage of women than men have

hypertension (3). Hypertension is 2-3 times more common in women taking oral

contraceptives, especially in obese and older women. Compared to Caucasians,

African Americans develop hypertension earlier in life and have a much higher

average blood pressure (2). Estimated direct and indirect cost of hypertensive
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disease in the United States is $55.5 billion in 2004, $21.0 billion of which will be

spent on antihypertensive drugs and other medical durables (2).

The goal of antihypertensive therapy is to reduce cardiovascular morbidity

and mortality associated with high blood pressure by focusing on lowering blood

pressure as well as minimizing the impact of other associated cardiovascular risk

factors (4, 5). Only about 55% of unselected patients with stage 1 uncomplicated

hypertension will reach their goal blood pressure on a given agent when used as

monotherapy at the usual recommended doses and thus will eventually need

combination therapy (6).

Combination therapy makes a lot of clinical sense when the

pathophysiology of hypertension is understood. Hypertension is a multifactonal

disease. The two factors that influence blood pressure are cardiac output and

peripheral resistance, each of which can be altered by different drug classes

resulting in reduction of blood pressure. Furthermore, the etiology of hypertension

is unknown in about 95% of patients. Therefore, no single therapeutic approach

will succeed in removing the cause in the overwhelming majority of patients (7).

Severity of initial blood pressure upon presentation is another important reason for

using combination therapy. Maximal recommended doses of currently available

antihypertensive medications will decrease blood pressure by about 10-15% in

responders. Thus for many patients presenting with systolic levels of> 160 mm Hg

or diastolic levels of 100 mm Hg, one drug will often not be enough to achieve

target blood pressure. Finally, because drugs of different classes show synergistic
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or, at least, an additive effect, combination therapy allows use of smaller doses of

each individual drug (7).

Thiazide diuretics are commonly used for treatment of hypertension

because of their efficacy, favorable safety profile, low cost and proven ability to

reduce morbidity and mortality related to hypertension (8). In persons 60 years or

older with isolated systolic hypertension, low dose thiazide diuretic significantly

reduced the incidence of stroke and major cardiovascular events when used as a

step 1 medication in a stepped-care antihypertensive treatment over 5 years (The

SHEP study) (9). Thiazide diuretics have again been shown superior in preventing

1 or more major forms of cardiovascular diseases and less expensive than calcium

channel blockers or angiotensin-converting enzyme inhibitors in another landmark

study (ALLHAT) (10). The Seventh Report of the Joint National Committee on

Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC VII)

recommends thiazide diuretics to be used as initial therapy for most patients with

hypertension, either alone or in combination (1).

When first introduced in the 195 Os, thiazide diuretics were prescribed at

doses now regarded as excessively high (100-200 mg of hydrochiorothiazide/day).

Over the years, it has been shown that much lower doses, even as little as 12.5 mg

of hydrochiorothiazide, produce comparable blood pressure reduction to that

achieved by higher doses while reducing the likelihood of adverse effects, such as

electrolyte disturbances, cholesterol elevations and increases in serum uric acid

levels (7,8, 11, 12).
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In an earlier report, it has been found that gastric retention formulations

containing hydrochiorothiazide (HCTZ) stay in a fed stomach for up to 28 hours

providing slow continuous drug input. Pharmacokinetics of HCTZ in hypertensive

patients have been shown comparable to normotensives (13). The objective of this

study is to compare the initial blood pressure lowering and side effects of HCTZ

from the sustained release gastric retention formulation to commercial immediate

release tablet in stage 1 hypertension.

In this research, 25 mg of hydrochiorothiazide was given to 10 patients with

stage I hypertension either as gastric retention formulation (LGRF, 7.5 x I x 1.5 cm

before processing and compression for insertion into a size '000' capsule) or as the

commercially available JR tablets in a randomized cross over design with no

washout period. Gastric retention formulations were prepared from the food-based

carbohydrates xanthan gum and locust bean gum and other formulation ingredients

as reported previously. Blood pressure was measured 4 times a day using an

electronic blood pressure monitor.
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EXPERIMENTAL

MATERIALS

Formulation Ingredients

Hydrochiorothiazide immediate release tablets (25 mg, IVAX

Pharmaceuticals, Inc., Miami, FL) were used as control.

Xanthan gum (Xantural® 75, Kelco Biopolymers, Chicago, IL), locust bean

gum (Sigma Chemical CO., St. Louis, MO), polyethylene glycol (PEG 400, The

Dow Chemical Company, Midland, MI), soduim lauryl sulfate (Sigma Chemical

CO., St. Louis, MO), Carbopol 934 (BFGoodrich Co., Cleveland, OH) and sodium

hydroxide (Mallinckrodt Baker, Inc., Paris, Kentucky) were used to prepare the

gastric retention formulation (GRF) containing 25 mg hydrochiorothiazide (Sigma

Chemical CO., St. Louis, MO) according to the method previously described in

chapter 1.



Sizes of Gastric Retention Formulations Used in Biostudy

In this study, gastric retention formulations (LGRF) containing 25 mg

HCTZ with dimensions of 7.5 x 1 x 1.5 cm before drying were compressed and

fitted into '000' capsules.

Blood pressure monitor

Each subject was given an Omron wrist blood pressure monitor with

advanced positioning sensor (Omron Healthcare, Inc., IL, USA).

METHODS

Study protocol was approved by the Oregon State University Institutional

Review Board (IRB). The study was performed between November of 2003 and

February of 2004. All subjects gave their written informed consent prior to

participation in the study.
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Subject Population

Ten subjects (two females and eight males) with stage I hypertension (JNC

VII) participated in this study. Subjects aged between 38 and 62 years and weighed

between 70.5 and 115 kg. All subjects were asked to notify and obtain approval

from their physicians to participate in the study.

Study Design

After collecting a three day baseline blood pressure, each of the subjects

received 25 mg HCTZ in the form of either immediate release tablets or LGRF

immediately after breakfast in a randomized cross over fashion with no washout

period to avoid risks of treatment withdrawal and elevated blood pressure in a drug-

free washout period in the hypertensive patients. Based on pharmacokinetics of the

drug, the first few days of the second week were considered enough to equilibrate

the effect of the second treatment and still obtain valuable information for

comparison of the two formulations. During the baseline measurement and

treatment period, subjects were asked to measure their blood pressure 4 times a day

using the provided electronic blood pressure monitor: Subjects measured blood

pressure when they woke up in the morning before getting out of bed, two hours

post-dose, before dinner, and at bed time, all in a quiet room in the sitting position.



Subjects were asked to be as consistent as practically possible in the time they took

the medication and the time they measured blood pressure.

Patients who were already taking HCTZ (regardless of dose) were asked to

continue taking their prescribed medication during the baseline measurement (days

1-3) then to stop taking their prescribed HCTZ on day 4 and administer the study

medication instead. After the study, subjects were asked to continue on their

previous regimen. Patients who were on other treatment for hypertension were

asked to continue taking their medication throughout the study period and HCTZ

was added to their regimen on day 4. Treatment naïve patients started the study

treatment on day 4 after the 3 day baseline monitoring. Figure 3.01 shows the study

treatment for each group.

After each treatment phase, subjects were given a short questionnaire about

incidence and severity of any side effects experienced while on the study treatment.
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Data Analysis

Because response to thiazide diuretics may differ from the first to second

week of treatment, subjects were divided into two groups: group 1 was started on

LGRF and then crossed over to IR, and group 2 was started on IR and then crossed

over to LGRF. Data are presented as average systolic and diastolic blood pressure

for each group ± standard deviation for baseline and each of the two treatment

phases.
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RESULTS AND DISCUSSION

Effect of an antihypertensive agent over the duration of dosing interval have

generally been evaluated using ambulatory blood pressure monitoring (ABPM), but

the Food and Drug Administration states that studies that measure blood pressure at

approximate peaks and at trough (pre-dosing) blood levels can also be used (14). In

this study, the second approach was employed.

In order to validate reliability of the home blood pressure monitor given to

subjects, several readings were taken simultaneously using an aneroid

sphygmomanometer and the provided wrist cuff Table 3.01 summarizes blood

pressure readings obtained by both instruments. There was no significant difference

between readings taken by researchers using the sphygmomanometer and those

taken by the automatic wrist cuff. Since each subject used the same wrist cuff for

blood pressure measurements throughout the study, measurements taken by the

provided wrist cuff were considered acceptable in comparing the two formulations.
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Table 3.01: Blood pressure readings from an aneroid sphygmomanometer and the
automatic blood pressure wrist monitor given to subjects.

Sphygmomanometer Automatic wrist cuff

110/75 108/69

125/80 127/76

145190 141/86

140/90 135/88

155/90 162/84

135/80 127/75

120/85 125/79

140/85 132/82

150/90 146/96

120/75 114/71

Results are reported as SBP/DBP in mm Hg.

Ten volunteers (two females and eight males) with stage 1 hypertension

participated in this study. Table 3.02 summarizes subject demographic data and

treatments subjects received for hypertension before enrollment in the study.

Thiazide diuretics lower blood pressure initially by reducing extracellular volume

and cardiac output. Eventually, cardiac output returns to normal and peripheral

resistance is decreased (15). Most clinicians will evaluate response to HCTZ after

4-6 weeks of treatment when the strong diuretic effect of the drug wears off,

cardiac output returns to normal, and the vasodilatory effect takes over. Because

subjects who were already on HCTZ had been taking it for more than three months,

it was assumed that they had reached optimum response to HCTZ.
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Because response to HCTZ varies during the first few weeks oftreatment,

subjects were divided into two groups: group 1 who received LGRF followed by JR

and group 2 who received IR then LGRF. Table 3.03 summarizes individual

baseline data and blood pressure for the two groups along with averages and

standard deviations. Subjects in group I had an average baseline systolic blood

pressure of 129 ± 5.5 and a diastolic blood pressure of 78 ± 3.7 mm Hg. Weekly

average for the first treatment (LGRF) was SBP of 127 ± 6.5 and DBP of 75 ± 6.9

mm Hg. Weekly average for treatment 2 (JR) was SBP of 130 ± 8.8 and DBP 79 ±

7.3 mmHg. Group2had anaverage SBP of 131 ± 11.8, 127±7.4 and 124±8.2

and an average DBP of 84± 6.1, 82 ±4 and 81 ± 5 mm Hg for baseline, JR and

LGRF, respectively. There does not seem to be a sequence effect on blood pressure

for either treatment. In both groups, LGRF produced an average reduction in SBP 3

mm Hg below that produced by JR tablets. Though this difference may not be

statistically significant, it may become clinically meaningful in a larger, longer

study.

Table 3.04 shows average peak to trough ratios for daily systolic and

diastolic blood pressure measurements for each subject for the 3 -day baseline and

from day 4 to day 7 for each of the two treatments. The last 4 days of each

treatment phase were chosen based on the pharmacokinetics of HCTZ as the time

when the drug is expected to have reached pharmacokinetic steady state (16, 17).

Subjects number 2, 4, 7 and 9 experienced a visibly noticeable decrease in blood



104

pressure fluctuations over the day when taking the new gastric retention

fonnulation of HCTZ compared to the commercially available JR tablets as shown

by a higher trough to peak ratio (shown in figures 3.03a, 3.05a, 3.08a and 3.lOa and

in table 3.04). This is may be attributed to continuous drug input provided by the

sustained release gastric retention formulation. Subject number 5 was the only

subject who experienced more blood pressure fluctuation with LGRF compared to

JR. Subject 5 reported receiving disturbing personal news during the last few days

of the study while taking LGRF which may have affected blood pressure.

As expected, subjects with higher baseline blood pressure had the highest

reduction in blood pressure by the end of the study (SBP decreased by 20 and 12

mm Hg and DBP decreased by 12 and 4 mm Hg for subjects 4 and 10,

respectively). Figures 3. 02a-3.11 b show individual blood pressure data for each

subject including daily monitoring values and daily averages.
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Table 3.02: Subject demographic data and hypertensive treatments.

Subject number Age Hypertensive treatment

1 62 None

2 38 HCTZ (25 mg)

3 58 13-blocker

4 51 ACEI

5 51 ACET + HCTZ (12.5 mg)

6 57 13-blocker + HCTZ (25 mg)

7 56 13-blocker

8 57 HCTZ (25 mg)

9 58 13-blocker

10 61 HCTZ (12.5)

ACEI is Angiotensin converting enzyme inhibitor.



Table 3.03: Average blood pressure for group 1 (LGRF IR) and group 2 (JR
LGRF).

Subject # Baseline Treatment 1 Treatment 2

SBP DBP SBP DBP SBP DBP

Group 1 1 130 77 129 76 130 77

3 127 76 124 69 126 77

6 133 82 132 84 137 88

8 121 73 118 68 118 69

9 135 81 134 80 140 84

Average 129 78 127 75 130 79

SD 5.5 3.7 6.5 6.9 8.8 7.3

Group2 2 131 86 129 83 130 87

4 137 89 120 79 117 77

5 116 77 119 80 116 77

7 125 77 128 78 124 77

10 147 89 137 88 135 85

Average 131 84 127 82 124 81

SD 11.8 6.1 7.4 4 8.2 5

SBP systolic blood pressure
DBP diastolic blood pressure
Blood pressure reported as mm Hg
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Table 3.04: Average trough to peak ratios for daily systolic and diastolic blood
pressure monitoring for baseline and from day 4 to day 7 for LGRF and JR in 10
stage 1 hypertensive patients.

Subject number Treatment SBP TIP DBP T/P

1 Baseline 0.82 ± 0.064 0.84 ± 0.039
LGRF 0.84 ± 0.069 0.84 ± 0.037

JR 0.84 ± 0.043 0.86 ± 0.086
2 Baseline 0.86 ± 0.032 0.85 ± 0.08 1

LGRF 0.93 ± 0.060 0.92 ± 0.023
JR 0.90±0.051 0.82±0.106

3 Baseline 0.88 ± 0.046 0.82 ± 0.005
LGRF 0.88 ± 0.068 0.88 ± 0.054

JR 0.89 ± 0.047 0.87 ± 0.052
4 Baseline 0.83 ± 0.023 0.82 ± 0.040

LGRF 0.92 ± 0.056 0.88 ± 0.047
IR 0.85 ± 0.014 0.75 ± 0.041

5 Baseline 0.89 ± 0.009 0.89 ± 0.044
LGRF 0.84 ± 0.044 0.80 ± 0.073

JR 0.93 ± 0.025 0.87 ± 0.025
6 Baseline 0.85 ± 0.064 0.82 ± 0.063

LGRF 0.87 ± 0.069 0.87 ± 0.090
JR 0.86 ± 0.032 0.90 ± 0.023

7 Baseline 0.87 ± 0.0 18 0.91 ± 0.073
LGRF 0.89 ± 0.026 0.89 ± 0.037

JR 0.83 ± 0.03 1 0.83 ± 0.046
8 Baseline 0.82 ± 0.098 0.79 ± 0.064

LGRF 0.89 ± 0.032 0.85 ± 0.060
JR 0.88 ± 0.020 0.87 ± 0.050

9 Baseline 0.86 ± 0.116 0.86 ± 0.090
LGRF 0.89±0.042 0.82±0.129

JR 0.81 ± 0.052 0.87 ± 0.043
10 Baseline 0.84 ± 0.064 0.86 ± 0.044

LGRF 0.89 ± 0.043 0.86 ± 0.028
JR 0.88±0.069 0.84±0.042

SBP TIP: Systolic blood pressure trough to peak ratio.
DBP TIP: Diastolic blood pressure trough to peak ratio.
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Following each treatment phase, subjects were given a short questionnaire

about incidence and severity of side effects they may have experienced during the

study. Most subjects reported fewer and milder side effects associated with LGRF

than JR. None of the subjects reported interference with social and/or academic life

or changes in the average number of times of urination at night while on the study

medication. For all JR treatments, there was 1 report of dizziness, 3 reports of

headache, 4 reports of frequency of urination, 7 reports of urgency of urination, 1

report of weakness and lethargy and 4 reports of dry mouth. For all LGRF

treatments, there was I report of dizziness, 1 report of headache, 4 reports of

frequency of urination, 5 reports of urgency of urination, 1 report of muscle pain, 1

report of weakness and lethargy, 3 reports of dry mouth, 1 report of constipation

and 1 report about capsule size. Tables 3.05a and b summarize occurrence and

severity of side effects for each participant on a scale of 0-10, 0 being none and 10

being the most severe.
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Table 3.05a: Incidence and severity of side effects reported by each of 5 subjects
when given LGRF followed by IR (group 1).

Subject number 1 3 6 8 9

Formulation LG

RF

IR LG

RF

IR LG

RF

IR LG

RF

IR LG

RF

IR

Side effect

Dizziness 0 0 00 0 0 2 0 0 3

Headache 0 3.5 0 1 0 0 0 0 0 0

Frequency of

urination

0 0 0 0 0 0 1 0 4 1

Urgencyof

urination

2 0 0 0 0 0 0 7 6 1

Musciepain 0 0 0 0 0 0 0 0 0 0

Weakness!

lethargy

0 0 000 0 0 0 0 0

Drymouth 0 0 0 0 0 0 0 0 4 3

Other * 0 0 0 0 0 ** 0 0 0

* Size of 000 capsule too big
** Mild constipation
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Table 3.05b: Incidence and severity of side effects reported by each of5 subjects
when given JR followed by LGRF (group 2).

Subject number 2 4 5 7 10

Formulation IR LG

RF

IR LG

RF

IR LG

RF

IR LG

RF

IR LG

RFSide effects

Dizziness 0 0 0 0 0 0 0 0 0 0

Headache 0 0 0 0 0 0 1 2 0 0

Frequency of

urination

4 0 0 0 0 0 2 3 4 1

Urgencyof

urination

2 0 1 0 1 2 2 3 5 2

Muscle pain 0 0 0 0 0 0 0 1 0 0

Weakness!

lethargy

0 0 0 0 0 0 0 1 2 0

Dry mouth 0 0 0 0 2 2 4 4 1 0

Other 0 0 0 0 0 0 0 0 0 0
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CONCLUSIONS

Initial blood pressure lowering and side effects of hydrochiorothiazide from

a sustained release gastric retention formulation (LGRF) were determined and

compared to effects from commercially available immediate release tablet.

Hydrochiorothiazide in LGRF was as effective as, or slightly better than IR tablets

in lowering high blood pressure independent of the sequence of administration of

the two formulations. LGRF produced an average reduction in systolic blood

pressure 3 mm Hg lower than IR, which may suggest clinical significance can be

achieved in a longer study.

Gastric retention formulations also produced less blood pressure fluctuation

in some subjects than IR tablets. Most subjects reported side effects were less

frequent and less severe while on LGRF than for JR.

Gastric retention formulations are shown to be used successfully to prolong

not only the release, but also the duration of action of drugs that have a window of

absorption, while reducing side effects associated with those drugs.

This is the first time that the novel swellable gastric retention formulation

developed at OSU has been given for multiple consecutive days. The only

gastrointestinal side effect reported during the 7 days that LGRF was administered

was mild constipation in one subject. This is a very encouraging step towards

future application of gastric retention formulations.
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CONCLUSIONS

A gastric retention formulation made from the food-based carbohydrates

xanthan gum and locust bean gum and other formulation ingredients containing

hydrochiorothiazide was developed and tested for in vitro drug release

characteristics. Freeze drying of the gastric retention formulation produced a

flexible spongy formulation that was more rigid after rehydration than when

vacuum oven dried.

Hydrochiorothiazide release rate from large (7.5 x I x 1.5 cm) gastric

retention formulations was faster then from medium (5.5 x 1 x 1.5 cm) and small

(3.5 x 1 x 1.5 cm) gastric retention formulations. Also, drug release rate from large

gastric retention formulations containing small doses of hydrochlorothiazide was

faster than release rate from bigger doses.

Storing of gastric retention formulations inside hard gelatin capsules for up

to 12 months did not affect the rate of swelling and dissolution of the capsule shell

and release of the enclosed gastric retention formulation.

Cross over studies in 12 healthy volunteers in fed and fasted states were

conducted to evaluate bioavailability and pharmacokinetics of hydrochiorothiazide

from two sizes of freeze dried gastric retention formulations, and determine gastric

residence time. Medium and small gastric retention formulations were successful in

staying in the stomach and providing sustained input of HCTZ. On average, drug
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input was about 3 hours from IR tablet, 28 hours from MGRF and 15 hours from

SURF, respectively, in the fed state and about 3 hours, 20 hours and 12 hours for

JR tablet, MGRF and SGRF, respectively, in the fasted state. Both MGRF and

SGRF produced significantly lower urinary excretion peaks of drug for a longer

time but equal output of urine in rate and volume compared to JR tablets.

In a pilot biostudy to evaluate initial blood pressure lowering and side

effects of HCTZ from GRF and JR tablets, hydrochiorothiazide in LGRF was found

as effective, or slightly better than JR tablets, in lowering blood pressure

independent of sequence of administration of the two formulations. LGRF

produced an average reduction in systolic blood pressure 3 mm Hg lower than JR.

Hydrochiorothiazide in gastric retention formulations also produced less blood

pressure fluctuation in most subjects than JR tablets. Most subjects reported that

side effects were less frequent and less severe while on LGRF than for JR tablet.
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APPENDIX

Pharmacokinetic data for individual subjects from HCTZ biostudy:

Individual pharmacokinetic parameters and recovery for each subject when

given immediate release tablets, MGRF and SGRF are shown in tables A.Ola-A.O1l

and figures A.Ola- A. 12b (fed state); tables A.02a-A.021 and figures A.13a- A.24b

(fasted state).

Individual deconvolved input functions from biostudy data for each

subject are shown in figures A.25a-A.251 (fed state) and A.26a-A.26l (fasted state).

Only in case of SGRF in fasted subjects 4 and 6 do the GRF appear to have left the

stomach in less than 8 hours.
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Table A.Ola: PK parameters of HCTZ after oral administration of50 mg IR tablets
or GRF capsules to subject 1 in the fed state.

Treatment

Pharinacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 31.51 27.71 22.9

Maximum urinary excretion rate (mg/hr) 5.25 2.15 1.96

Time of maximum urinary excretion rate (hr) 5 7 5

Area under the urinary excretion rate curve (mg) 31.06 28.8 23.83

Table A.Olb: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 2 in the fed state.

Treatment

Pharmacokinetic parameters 1K MGRF SGRF

Amount recovered from 0-48 hours (mg) 29.11 28.9 19.4

Maximum urinary excretion rate (mg/br) 5.39 1.76 0.83

Time of maximum urinary excretion rate (hr) 3.5 2.5 9

Area under the urinary excretion rate curve (mg) 30.01 31.98 20.2



140

Table A.Olc: PK parameters of HCTZ after oral administration of 50 mg 1R tablets
or GRF capsules to subject 3 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 32.13 25.34 18.21

Maximum urinary excretion rate (mg/hr) 6.49 2.5 2.11

Time of maximum urinary excretion rate (hr) 5 5 2.5

Area under the urinary excretion rate curve (mg) 31.25 27.24 19.6

Table A.Old: PK parameters of HCTZ after oral administration of 50 mg IR tablets
or GRF capsules to subject 4 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 20.18 17.46 11.92

Maximum urinary excretion rate (mg/hi) 6.67 1.61 1.16

Time of maximum urinary excretion rate (hr) 1.5 9 9

Area under the urinary excretion rate curve (mg) 21.16 17.88 13.18
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Table A.Ole: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 5 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 30.85 23.94 13.42

Maximum urinary excretion rate (mg/hr) 6.72 2.68 1.01

Time of maximum urinary excretion rate (hr) 1.5 9 11

Area under the urinary excretion rate curve (mg) 34.85 25.81 14.39

Table A.Olf: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 6 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 39.33 25.89 18.49

Maximum urinary excretion rate (mg!hr) 9.75 2.00 1.9

Time of maximum urinary excretion rate (hr) 2.5 5 9

Area under the urinary excretion rate curve (mg) 42.73 27.25 19.79
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Table A.Olg: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 7 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 34.62 30.77 30.84

Maximum urinary excretion rate (mglhr) 5.85 2.1 2.41

Time of maximum urinary excretion rate (hr) 2.5 3.5 13.5

Area under the urinary excretion rate curve (mg) 35.3 34.22 37.51

Table A.Olh: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 8 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 37.83 26.63 25.73

Maximum urinary excretion rate (mg/br) 6.82 1.2 2.48

Time of maximum urinary excretion rate (hr) 3.5 8 2.5

Area under the urinary excretion rate curve (mg) 42.16 28.21 27.89
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Table A.Oli: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 9 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 25.39 35.11 25.86

Maximum urinary excretion rate (mg/hr) 5.7 2.47 1.66

Time of maximum urinary excretion rate (hr) 2.5 11 2.5

Area under the urinary excretion rate curve (mg) 26.3 35.25 28.2

Table A.Olj: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 10 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 25.1 29.77 28.82

Maximum urinary excretion rate (mg!hr) 7.32 3.43 2.42

Time of maximum urinary excretion rate (hr) 1.5 3.5 7

Area under the urinary excretion rate curve (mg) 26.24 31.88 29.77
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Table A.Olk: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 11 in the fed state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 33.65 25.45 31.42

Maximum urinary excretion rate (mg/br) 6.52 1.98 2.48

Time of maximum urinary excretion rate (hr) 1.5 9 7

Area under the urinary excretion rate curve (mg) 35.54 25.21 35.45

Table A.01l: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRE capsules to subject 12 in the fed state.

Treatment

Pharmacokinetic parameters JR MGRF SGRF

Amount recovered from 0-48 hours (mg) 38.1 31.21 13.02

Maximum urinary excretion rate (mg/hr) 7.96 2.44 1.09

Time of maximum urinary excretion rate (hr) 2.5 7 2.5

Area under the urinary excretion rate curve (mg) 39.62 36.76 13.88
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Table A.02a: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 1 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 28.73 18.93 11.45

Maximum urinary excretion rate (mg/hr) 6.36 1.14 1.01

Time of maximum urinary excretion rate (hr) 3.5 2.5 3.5

Area under the urinary excretion rate curve (mg) 31.06 20.42 13.34

Table A.02b: PK parameters of HCTZ after oral administration of 50 mg IR tablets
or GRF capsules to subject 2 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 21.94 16.12 16.94

Maximum urinary excretion rate (mg/hr) 5.17 1.65 1.15

Time of maximum urinary excretion rate (hr) 2.5 1.5 3.5

Area under the urinary excretion rate curve (mg) 23.23 17.73 18.54
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Table A.02c: PK parameters of HCTZ after oral administration of 50mg JR tablets
or GRF capsules to subject 3 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 25.35 22.29 20.5

Maximum urinary excretion rate (ing/hr) 5.59 1.76 2.27

Time of maximum urinary excretion rate (hr) 3 5 3.5

Area under the urinary excretion rate curve (mg) 25.01 22.68 22.86

Table A.02d: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 4 in the fasted state.

Treatment

Pharmacokinetic parameters lB MGRF SGRF

Amount recovered from 0-48 hours (mg) 20.13 29.67 20.56

Maximum urinary excretion rate (mg!hr) 6.07 4.28 3.05

Time of maximum urinary excretion rate (hr) 2.5 2.5 2.5

Area under the urinary excretion rate curve (mg) 21.39 29.75 22.16
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Table A.02e: PK parameters of HCTZ after oral administration of 50 mg IR tablets
or GRF capsules to subject 5 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 17.02 20.23 19.65

Maximum urinary excretion rate (mg/br) 6.44 2.47 1.37

Time of maximum urinary excretion rate (hr) 1.5 2.5 3.5

Area under the urinary excretion rate curve (mg) 19.88 20.67 20.87

Table A.02f: PK parameters of HCTZ after oral administration of 50 mg IR tablets
or GRF capsules to subject 6 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 34.51 31.24 8.93

Maximum urinary excretion rate (mg/br) 7.82 2.31 2.13

Time of maximum urinary excretion rate (hr) 1.5 3.5 2.5

Area under the urinary excretion rate curve (mg) 36.09 34.21 9.34
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Table A.02g: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 7 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 21.56 23.11 16.27

Maximum urinary excretion rate (mg/hr) 5.47 2.65 2.16

Time of maximum urinary excretion rate (hr) 2.5 3.5 2.5

Area under the urinary excretion rate curve (mg) 22.45 24.14 17.46

Table A.02h: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 8 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 34.16 26.63 21.41

Maximum urinary excretion rate (mg/br) 8.38 2.07 2.99

Time of maximum urinary excretion rate (hr) 1.5 7 3.5

Area under the urinary excretion rate curve (mg) 32.85 28.32 22.2
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Table A.02i: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 9 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 24.11 26.76 25.1

Maximum urinary excretion rate (mg/br) 5.85 2.16 1.24

Time of maximum urinary excretion rate (hr) 1.5 9 3.5

Area under the urinary excretion rate curve (mg) 26.96 28.91 28.57

Table A.02j: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 10 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 21.72 19.93 19.57

Maximum urinary excretion rate (mg/br) 5.61 1.71 2.93

Time of maximum urinary excretion rate (hr) 1.5 2.5 3.5

Area under the urinary excretion rate curve (mg) 23.07 21.06 20.76



162

Table A.02k: PK parameters of HCTZ after oral administration of 50 mg JR tablets
or GRF capsules to subject 11 in the fasted state.

Treatment

Pharmacokinetic parameters IR MGRF SGRF

Amount recovered from 0-48 hours (mg) 23.17 18.49 17.04

Maximum urinary excretion rate (mg/Fir) 7.49 1.52 2.41

Time of maximum urinary excretion rate (hr) 3.5 5 3.5

Area under the urinary excretion rate curve (mg) 25.04 19.67 18.2

Table A.021: PK parameters of HCTZ after oral administration of 50 mg IR tablets
or GRF capsules to subject 12 in the fasted state.

Treatment

Pharmacokinetic parameters JR MGRF SGRF

Amount recovered from 0-48 hours (mg) 32.74 27.36 17.78

Maximum urinary excretion rate (mg/br) 7.04 1.88 2.17

Time of maximum urinary excretion rate (hr) 2.5 5 3.5

Area under the urinary excretion rate curve (mg) 33.58 30.25 18.91




















































