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Absorption of bacterially-synthesized folate across the large intestine

pre-trial I and II: In-vivo behaviour of placebo caplets with pH-sensitive
coatings designed for colon targeting

Masterof Science, 2008
Ashley Mariko Aimone

Departmentof Nutritional Sciences

University of Toronto

ABSTRACT

The purposeofthis study was to design andtest the effectiveness oftwo pH-

dependentcoatings in delivering intact barium sulfate caplets to the large intestine. In the

future, this work will enable us to non-invasively assess the absorption of folate across

the human colon. Barium sulphate caplet cores were coated with Eudragit L100 and

S100, in either a 1:0 or 3:1 ratio. Each formulation was administered to ten volunteers,

and monitored in-vivo via fluoroscopy. Test caplets with 3:1 coating formulations had

40% higher colon-targeting specificity compared to 1:0 caplets, and tended to begin

dissolvingat a later time after administration (p=0.09). The total time from

administration to complete dissolution wasalso significantly longer for 3:1 coated caplets

(p=0.003). These results suggest that barium sulphate caplets with a 3:1 (Eudragit

L100:S100) coating formulation ratio would be a suitable delivery system for

investigating the absorption of folate across the large intestine.
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1. OVERALL INTRODUCTION

The large intestine is the most distal segment of the humandigestive tract, which

beginsat the ileo-cecal junction and endsat the anus. It is approximately 1.5m in length,

and is divided into several regions, including the cecum, the ascending, transverse,

descending, and sigmoid colon, as well as the rectum and anal canal (1). As an organ,

some of the main functionsofthe large bowel include the formation, storage and

elimination of fecal material (1), as well as the absorption of water and electrolytes(2,3).

The luminal environmentis generally viscous in nature, especially in moredistal regions,

and has a pH levelthat is close to neutral (4).

The colon also harbours a large population of viable microorganisms(5-7) that

are knownto be involved in the fermentation of polysaccharides andproteins (8,9),

which,in turn, contributes to fecal bulking, and the formation of short chain fatty acids

(SCFA)(10,11). Several species of microorganisms foundin the colonalso support the

biosynthesis of certain B-vitamins, such as folate (12). Human studies have shown that

the amountof folate synthesized by the intestinal microflora may exceed dietary intake

by 3- to 5-fold (13). The mechanismsofbacterial folate synthesis have been well-

defined; however, the role that this natural vitamin source plays in overall host folate

statusis still under investigation. At the level of the enterocyte, evidence from both

animal and human studies has suggested that dietary folate may havea specific influence

on colonic health, especially in terms of modulating the risk of colorectal carcinogenesis

(14-19).

Folate uptake by humancolonic cells has been demonstrated consistently in-vitro

(20,21). Furthermore, it has been shown that these cells have the ability to transport

folate by a similar mechanism asenterocytes originating from the small intestine (22,23).
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Research in animals suggests that the impactof folate-producing microorganism on the

vitamin status of the host may be influenced bydiet. In a study by Krauseetal., rats fed

diets containing human milk solids had higher cecal counts of bifidobacteria and

improved folate status compared to those fed milk solids from other sources (such as cow

and goat) (24). The difference in colonic bacterial profiles among human milk fed rats

may beattributed to their higher intakes of oligosaccharides (25,26), a type of

indigestible carbohydrate that is known to be bifidogenic (27-30). Absorption studies in

rats and piglets have enabled us to measure the bioavailability of folate or para-

aminobenzoic acid (PABA),a folate precursor, after its direct injection into the cecum.

In these studies, folic acid and bacterially synthesized folate were not only taken up from

the colon, but also found to be incorporated into various organ tissues (31,32).

Current evidence in humans suggesting that bacterially synthesized folate can be

absorbed acrossthe large intestine, and influence folate status, is primarily observational.

In 1997, Houghton and colleagues proposedthat the folate status of adolescents could be

influenced by promoting bacterial folate synthesis in the large intestine through diet,

specifically the intake of non-starch polysaccharides (33). More recent research in

infants has revealed the existence of a large pool of folate in human feces that consist

primarily of short-chain 5-methyltetrahydrofolate (SMTHF), a form that is readily

absorbed across the small intestine and incorporated into the circulatory system (13).

Despite these promising results, there is a persistent lack of direct evidence to quantify

the absorption and percent bioavailability ofbacterially synthesized folate from thelarge

intestine. This gap in the literature is mainly due to the absence of an appropriate and

feasible meansfor studying nutrient absorption across the colon.



Current methods used for administering nutrient test doses to the large bowelare

limited to the rectal route. Perfusions, enemas, and suppositories have been used to

investigate the colonic uptake of certain B-vitamins (34) and, morerecently, various fatty

acids (35-38). Although these methods have provided valuable insight into the

absorptive capacity of the large intestine, the findings from such studies should be

interpreted with caution. Firstly, the site-specificity of rectal infusions is limited to the

distal colon, and thus the relative contribution of more proximalregions to overall

nutrient absorption may be underestimated. Secondly, the potential impact of laxative

use, for bowel preparation purposes, on colonic absorption processesis not clear.

Furthermore, the invasive nature of these methods maylead to low tolerance and

acceptability among subjects.

Alternatively, the absorption of orally administered drugs across the human large

intestine has been investigated by targeting their release in the large bowel area using a

variety of specialized delivery systems. These delivery systems are often designed to rely

on one or a combination of certain colon-specific features for their functionality,

including intra-luminal pH (39-44), transit time (45-52), luminal pressure (53-55), and

bacterial activity (56-61). Coated pH-dependent systems have been investigated

extensively, and are available commercially for clinical use (62), particularly for the

treatment of inflammatory bowel disease. The colon-specific targeting of these drug

delivery systemshas generally not played an integral role in treatment efficacy since

most have been found to achieve remission rates of40-80% in such disease states as mild

to moderately active ulcerative colitis (39). Therefore, among the pH-dependent products

that are available on the Canadian market, very few have been appropriately formulated

to ensure that complete drug delivery occurs distal to the ileo-cecal junction. For large



bowelnutrient absorption studies, however, the site-specificity of a controlled-release

delivery system has important implications in the quality of results, as many

micronutrients are readily absorbed from the smallintestine.

To date, there are virtually no colon-targeted dosage vehicles that have been

designed for the purpose of delivering nutrients to the colon. Should this be

accomplished, the absorption of folate across the intact and healthy human large intestine

could be directly evaluated. Therefore, the main objective of this study was to design and

test a suitable orally administered controlled-release system for the delivery of a vitamin

dose to the human colon. The findings reported here were obtained from the results of

in-vitro disintegration tests, and an in-vivo pre-trial series, where the transit time and

dissolution profile of two different pH-dependent caplet coatings were evaluated and

compared in healthy adults.



2. REVIEW OF THE LITERATURE

2.1 COLON-TARGETED DELIVERY SYSTEMS

2.1.1 Measurement and determination of gastrointestinal motility and pH

2.1.1.1Methods for measuring intestinal motility

The motor and transit characteristics of the gastrointestinal tract have been

investigated extensively byscientists and clinicians using a variety of methodologies

(63). Each technique has its own limitations in termsof accuracyandreliability, which

tend to be diminished as technology advances. Imaging methods, such as fluoroscopy,

can provide qualitative or semi-quantitative information on the motoractivity of the

gastrointestinal tract. The oral administration of a contrast material, such as a barium

sulphate suspension,allowsthe detection ofperistaltic actions and the subsequent

movementofintestinal contents. Fluoroscopic imagesare valued for their high

resolution (64); however the numberofgastrointestinal events that can be capturedis

limited dueto therisk of radiation exposure. Also, the use of barium as a contrast agent

is not always recommendedsince, in some cases, it may have a physiological effect on

the motility patterns of the stomach and small intestine. Alternatively, gamma-

scintigraphy is an imaging method that doesnot require the use of contrast media,sinceit

involves the detection of radionuclide tracers as they travel through the alimentary tract

in the form of a labeled meal. Although the recorded imagesare not high in resolution,

such as those associated with radiography, this computer-assisted technique allows the

transit times of intestinal contents to be easily quantified.

Ultrasonographyis another well-established imaging techniquethat uses high frequency

sound impulses to detect organ boundaries and intra-luminal spaces. Real-time ultrasonic

imaging has been employed for the study of gastro-duodenaltransit (65,66). In

5



cases where imaging equipmentor facilities are not available, the hydrogen breath test

maybe used as a simple indirect method for assessing oro-cecal transit times (67). It

involves the ingestion of a substance, such as lactulose, that is not absorbed in the small

intestine, but readily metabolized in the proximalcolon byintestinal bacteria. The

hydrogen gas, that is produced through bacterial fermentation and taken up into the blood

stream, is measuredas it is expelled via the lungs. Despite the simplicity ofthis

technique, it should be used with caution since breath hydrogen levels can be influenced

by such factors as intestinal bacterial overgrowth, antibiotic use, physical exercise, and

hyperventilation.

In vivo intubation methods, such as manometry can be used to evaluate the

motility patterns ofall regions of the gastrointestinal tract by detecting changesin intra-

luminal pressure caused by contractions of the muscular wall. Manometric pressure

recordings can be obtained through miniature transducers or low-compliance water-

perfused tube systems (68). This technique tends to be limited by its inability to detect

more subtle changes in pressure, and the recordings may be affected by the presence of

food particles or anatomical distortions caused by intubating the intestinal tract.

Methods for measuring gastrointestinal motility without intubation include

radiotelemetry, and bioelectric impedance. Radiotelemetry is an in-vivo techniquethat

involves the use of a capsule that contains a pressure-sensing device, and a radio-

transmitter. The radio-pill is swallowed while tethered to a thread and the AM or FM

signals are received byaerials that have been placed around the midsection of the subject.

The main limitation of this device is signal loss, which can be minimized by improving

the sensitivity of the receiving equipment. In addition to radiotelemetry, bioelectrical

impedanceis another non-invasive means for monitoring motility that involves the



measurementof fluid volumes in organs. This techniqueis often applied to the study of

gastric emptying, and involvesthe use of electrodes, which are placed on the surface of

the skin at anterior and posterior positions around the organ region ofinterest (69).

Voltage fluctuations signify contractions of muscular organ walls, and subsequent

decreases in organ volume. This method tends to be more sensitive and accurate than

manometry (70), and is often preferred due to its simple and portable equipment,as well

as its continuous output with immediate results that are easily interpreted.

The contractile activity of luminal walls can be evaluated by monitoring the

frequency and intensity of membraneaction potentials. Electromyography involves

extracellular recordings of changesin electrical potentials generated by smooth muscle,

and thus can be used to characterize the motor patterns of the gut wall or assess the affect

of drugs and hormoneson contractile activity. A similar technique, electrogastrography,

measuresthe electrical activity of the stomach through electrodes that are surgically

implanted in the mucosaor epigastric skin surfaces. This technique has been used to

detect gastric dysrhythmias and assess the causes of abnormalities in gastric motility.

2.1.1.2 Gastrointestinal transit rates

During and shortly after the ingestion of a solid meal, the motoractivity of the

stomachis thought to include an initial lag phase followed by frequent low amplitude

contractions that continue as long as food remains in the lumen (63). This pattern of

activity is suitable for grinding digestible food into small particles within the stomach and

expelling it through the pylorus (71). In the fed state, gastric emptying timesofsolid

particles can range from 30 minutes to over 15 hours, and they tendto be highly

dependent on the caloric value and composition of the ingested meal (71-74). There is



also some evidenceto suggest that gastric motility may vary according to circadian

rhythm. A study by Gooet al. (1987) demonstrated significantly longer half-emptying

times of a solid meal in the evening compared to the morning (75). At the end ofthe

digestive period, the stomach enters an interdigestive state known as the migrating

myoelectic complex (76), which has four phases of contractile activity that cycle

approximately every 2 hours (77). The third interdigestive phase has been termed the

“housekeeper” wave; since it consists of the most intense proximal and distal contractions

that can empty the stomach ofcellular debris, bacteria, and any remaining indigestible

particles that did not pass through the pylorus during the digestive phase (63,78,79).

Unlike the stomach, the motility of the small intestine is generally not influenced

by the consumption of food (80). It also appears to be unaffected by age (81), physical

activity (82), or pathological conditions. Small intestinal transit times have been reported

to be very consistent with a mean value of 180+60 minutes (83,84). The variability in

small boweltransit in humanstendsto be less than gastric emptying, while the transit

variability in both digestive organs tends to be lower within individuals than between

(85). The rate of entry of ingested particles into the colon is thought to be controlled at

the ileo-cecal junction (72,86), however, the mechanismsofthis effect have not been

elucidated. Some investigators suggest that the flow of chyme into the colonis

controlled by the muscular contractions of a sphincter in conjunction with the motility

patterns of adjacent large and smallintestinal regions (63,87).

Compared to the stomach and small intestine, the transit characteristics of the

human large intestine are less well-defined. While the overall flow of its contents tends

to be slow (63), the specific motor activity of various large bowel regions may be

influenced by food intake. The group of Jouetet al. (1998) measured the contractile



activity of the ascending and descending colon before and after ingestion of a 1000 kcal

low residue liquid meal. They reported that, during the fasted state, the colon has lower

mean motility in distal regions than in proximal regions (88). During the first 30 min

after the ingestion of a meal, tonic contractions were detected in the ascending and

descending colon, with a distal-to-proximal pressure gradient that lasted for at least 3h

after the meal. The authors concluded that these regional differences in colonic motor

activity may be responsible for postprandial mixing of the colonic contents. It is also

believed that the transit of food particles through the colon is size-dependent and

susceptible to diurnal variation, with large particles passing through morerapidly (89,90),

and decreasedtransit during slumber (91). Furthermore, colon transit rates have been

reported to be increased in certain disease states, such as ulcerative colitis (92); and

decreased in the presence of other conditions, such as cholelithiasis (93).

2.1.1.3 Methods for measuring intestinal pH

A range ofnaso-intestinal intubation techniques have been employed to measure

the pH levels of the stomach and upper small bowel. Aspiration ofgastric fluids allows

for direct and cross-sectional measurements of the pH of the stomach. Glass electrodes,

on the other hand, have been used with portable intubation systems to take ambulatory

measurements ofpH fluctuations in the upper gut (39,94). While the aforementioned

methods maybeprecise and well-correlated with each other, they are limited by various

factors that can affect the accuracy ofresults. Hypersalivation and reflux through the

pyloric sphincter, caused by intubation, may dilute aspirates andartificially raise pH

levels. Furthermore, gastric fluid may be transported along the tube and lead to

underestimations of intra-luminal pH in the small intestine. In the large intestine,
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mucosal pH has been measuredbyinserting a pH probe through the biopsy channel of a

colonoscope (95). While this methodis useful for exploring relationships between

colonic pH and pathologies, it is limited in the numberof locations and periods oftime

that can be recorded. Furthermore, the effects of fasting and laxative use for the purpose

of bowel preparation mayalter the luminal surface and lead to pH readings that are not

representative of the unprepared colon. In 1987, McNeil et al. performed in vitro pH

measurements of colonic mucosa from rats and humans. The results showedthat the

mucosalsurface acts as a sort of microclimate and its pH level does not necessarily

reflect those of the intestinal lumen (96).

Various tubeless techniques have been tested with low successrates due to their

indirect, nonspecific, and time consuming methodologies. The radiotelemetric capsule

(RTC), however, has provided promising results since its invention in 1957 (97) and

further development over the following four decades (98). The RTC consists of a

reference and pH-sensitive electrode which transmits ambulatory pH readings from the

intestinal lumen with a radiofrequency transmitter (99). It is battery powered and

approximately 26mm in length x 7mm in diameter. The radio-pill is orally ingested, and

its location determined via fluoroscopy, signal strength, and recorded changesin pH (4).

Results obtained from an RTC have been shownto bestrongly correlated to direct pH

measurements of aspirates (100). Methodological problems associated with

radiotelemetric pH-capsules include poor signal quality, as well as pH and frequency

drifts (101,102). These limitations can be addressed, however, through improvements in

equipment design and calibration methods (103).
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2.1.1.4 Normal pH profile of the gastrointestinal tract

The gastrointestinal pH profile of healthy subjects (n=66) wasinvestigated by

Evanset al. using radiotelemetric capsules. As expected, gastric pH was highly acidic in

the fasted state with a range of 1.0 to 2.5. The mean pH in the proximalsmall intestine

and terminal ileum was 6.6+0.5 and 7.5+0.4, respectively. An abruptfall in pH,toa

mean of 6.4+0.4, was recordedas the capsule passed into the cecum, followed bya

progressiverise from the ascendingto the descending colon with a final value of 7.0+0.4

(4). The results from this study are in general agreementwith other investigations of

gastrointestinal pH using radiotelemetric devices (4,98,101-106).

A recent review by Nugentet al. (2001) summarized severalfactors that affect

normal gastrointestinal pH levels (39). In the foregut, hydrogen andbicarbonateion

secretions by gastric and intestinal mucosa are major determinants ofintra-luminal pH.

Specifically, the gastric contents are buffered by alkaline secretions from the pancreas,

whichraises the pH level of the proximal small intestine. Subsequentbicarbonate

excretions from the small intestinal mucosalead to a further gradualrise in pH until the

terminal ileum (4). A fall in luminal pH in the cecum is,in part, attributable to the

carbohydrate fermenting action of colonic bacteria and the generation of SCFAs and

hydrogen ions (9,107-109). SCFAs,especially butyrate, are absorbed and metabolized as

a principal energy source bythe colonic epithelium (110). As a result, a gradualfall in

SCFA concentration may contribute to a rise in pH in the distal colon. In the rectum,a

slight drop in pH mayoccurdueto fecal stasis, since the colonic bacteria can continueto

ferment any remaining carbohydrates. Ammonia is known to be formedin the colon due

to the bacterial metabolism ofprotein, amino acids, and urea. Despite this metabolic
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process, a high protein diet is less influential on intra-luminal pH levels than bicarbonate

and organic acids (111,112).

The effect of transit time on pH levels in the colon is variable and inconsistent.

Theoretically, a shortened transit time could increase pH by reducing the time available

for fermentation. Faster motility could also result in decreased pH levels by causing

carbohydrate-starved bacteria to produce morelactate (113). Luminal pH is further

affected by intestinal pathologies, namely inflammatory bowel disease. Reduced

mucosal bicarbonate secretions, increased bacterial lactate production, and impaired

SCFAabsorption and metabolism may contribute to lower colonic pH when the mucosa

is inflamed (102,113).

2.1.2 Types of delivery systems

Orally administered pharmaceutical preparations are commonly designed with

non-specific release mechanisms, and thus will dissolve in the acidic environmentofthe

stomachto provide rapid drug absorption. Controlled-release formulations, however,

will delay or extend the release of drug throughoutthe gastrointestinal tract (114,115),

and are often designed to exploit one or a combination of characteristics that are unique

to a target organ. In the case of targeting drugsto the colon,transit time, intra-luminal

pressure, intestinal microflora, and intra-luminal pH are someofthe features that have

been used to design a range of specialized delivery systems. These unique formulations

can be further subdivided into multiple-unit (e.g. pellets, granules or microspheres) (116-

118) or single-unit (e.g. tablets and capsules) (3,119) systems. Multiple-unit systems

generally permit more uniform drug dispersion throughout the lower gastrointestinal

tract, and are often morereliable in terms of complete dose delivery (120). Single-unit
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systems tend to have morevariable ‘all-or-nothing’ release profiles, although their

simplistic design, low manufacturing cost, and site specificity potential have made them

more popular(3).

2.1.2.1 Time-dependent

Time-dependent delivery systemsrely on the low variability of small intestinal

transit rates to target drug release in the proximal colon. The formulations are often

designed to promote dissolution after a pre-determined lag time of 5 or 6 hours post

administration (45-47,49). Although several drug-release systems have been developed

using time-dependent mechanisms, very few have demonstrated consistent in vivo results

in terms of colon-targeting. This variability is mainly attributable to the unpredictable

nature of gastric emptying, which can range from a few seconds to a numberofhours,

depending on the size of the delivery system, as well as the amount of food ingested by

the individual. In some cases, a viscous intra-luminal environment mayalso affect the

efficacy of time-dependent formulations, since they tend to rely on hydrodynamicsto

induce swelling or erosion of a soluble polymeric layer. In light of these limitations, the

time-dependent concept has been more successfully applied to colon-targeted systemsin

combination with other time-independent mechanisms (45-52).

2.1.2.2 Pressure-dependent

Delivery systems have also been designed to utilize intra-luminal pressure that is

generated throughoutthe alimentary tract via muscular contractionsoftheintestinal wall.

The intensity and duration of these contractions tend to vary in different regions of the

gut, with the colon having higher luminal pressure due to the combination of haustral
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contractions and a more viscous environment (1). These pressure differences have been

the basis of developmentfor certain controlled-release formulations (53,54,121,122). In

general, the disintegration properties of a gelatin capsule are altered via the thickness of

an inner ethylcellulose coating, which provides protection from destructive peristaltic

waves (55). The colon-targeting success of these delivery systems has been somewhat

inconclusive, and verylittle in vivo performance data has been obtained from human

studies (53,123). Furthermore,there is limited evidence-based knowledge on the

variability of gastrointestinal pressure values among healthy individuals, and how they

might be affected by other luminal factors such as pH or motility.

2.1.2.3 Enzyme-dependent

Morerecent research interests in the field of colon-targeted delivery systems have

been focused on utilizing bacterial action to promote drug release in the large bowel

(58,60,61). Bacterial fermentation takes place almost exclusively in the colon of healthy

individuals, since large and diverse microfloral populations are unique to this intestinal

region (7,124). Polysaccharides such as pectin (57,125-128), guar gum (129-136), and

amylose (59,115,116,137-139), have been applied as natural polymers to solid dosage

forms as matrix agents, or coatings. Upon entering the colon, intestinal bacteria will

promote drug release by degrading the outer polysaccharide layer or inner excipient.

Althoughthis drug delivery concept has produced promising results, several formulations

have not been developed beyond phaseI clinicaltrials, due to the requirement of complex

manufacturing methods,or the novelty of the technology (62).
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2.1.2.4 pH-dependent

The pH-dependent delivery system operates on the assumptionthat intra-luminal

pH levels are very acidic in the stomach, and gradually rise towards neutrality from the

duodenum to the terminal ileum (4,39). The formulation often includes an enteric

coating that is resistant to the acidic conditions of the stomach and becomessoluble at the

more neutral pH levels (62). In 1953, Rohm & Haas (Darmstadt, Germany), created

enteric coating products madeofacrylic-based copolymers underthe trade name,

Eudragit. A series of Eudragit products have since been developed andtested fortheir in-

vivo dissolution properties. Eudragit $100 is a copolymer of methacrylic acid and methyl

methacrylate with a normalsolubility threshold ofpH 7.0, which has been used by

several groups in colon-targeted formulations (40-43,121,140,141). Eudragit L100 is

structurally similar to S100, although it is chemically designed to have a lower pH

threshold (6.0), and thus is often used to promote drug release in the small bowel. Today,

Eudragit products are often employed in commercialized pharmaceutical preparations for

the treatment of inflammatory bowel disease (39,55,142-145).

Despite the broad use pH-dependent systems, the colon-targeting performance of

these dosage forms tends to have high inter-individual variability due to inherent

differences in ileo-colonic pH profiles among healthy people (4,103). These

inconsistencies have prompted the investigation ofmixed coating formulations, which

involves combining the solubility characteristics of different Eudragit copolymertypes.

Some groups have mixed Eudragit $100 and Eudragit L100 in various proportionsto

improve the in-vitro dissolution profile and in-vivo site specificity of pH-dependent

systems (44,146,147). The combination of these copolymers allowsfor the creation of
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new coating formulations with customized solubility characteristics, including a pH

threshold between 6.0 and 7.0.

2.1.3 Monitoring delivery systems and nutrient absorption in the human

gastrointestinal tract

2.1.3.1 Endoscopy

Gastroscopyallowsa real-time examination of the stomach cavity, and has been

used in the evaluationofintra-gastric disintegration profiles of orally administered drugs

(148,149). Endoscopic analyses can also be used for determining the nature of

interaction between drug-containing tablets or capsules and the intra-luminal mucosal

tissue. Graham et al. (1990) comparedthe distribution ofpotassium chloride from

tethered capsules and free tablets in the stomach using a gastroscope. It was found that

the potassium chloride released from both a capsule and a tablet was generally held in

place by gastric mucus,although the tablet crystals tended to be less adhesive and

dispersed in a net-like pattern (150). Despite the advantagesofreal-time analysis,

gastroscopy may not be an appropriate method for investigating the dispersion and

absorption of vitamins, since they are often taken up in the small intestine. The invasive

nature of the procedure can also cause significant discomfort to the subject, and thus

acceptability tends to be low. Furthermore the pharmacological effects of pre-medication

drugs (such as sedatives), as well as the presence of the endoscopeitself may cause

abnormal gastrointestinal behaviour (69).

2.1.3.2 Gamma-scintigraphy

Gamma-scintigraphy was first used in 1976 to investigate the fate of

pharmaceuticals in vivo (151), and is now commonly used to evaluate drug delivery to
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the gastrointestinal and respiratory tract (152). The technique involvesthe use of a

specialized camerato detect scintillation properties of a gamma-emitting material, such

as technetium (°""Tc), that is incorporated into a pharmaceutical formulation. Although,

scintigraphic methodsare ideal for obtaining quantitative measures of drug releasein the

gastrointestinal tract, certain errors that are related to other sources ofradiological

activity must be accounted for. This background noise can be caused bynatural isotopes,

cosmic rays, and the imaging equipmentitself, and must be subtracted from the total

reading to obtain a net count from the sourceofinterest (69). Certain attenuation factors

are also required to maintain accuracy, such as the absorption effect of interveningtissues

and bone, as well as natural radioactive decay of the gammasourceitself (69)

Other limitations associated with this technique may include the feasibility of

using radionuclides,especially at the level of the manufacturer. Radiopharmaceuticals

must be produced in a facility that has the capacity to handle radioactive material. They

also mustbe labeled as close to the time of administration as possible to accommodate

the short half life of commonly used isotopes, such as technetium "Teo, 6 hours) and

indium (''In, 2.8 days) (153). Furthermore, the production of gamma-emitting delivery

systems must be scaled downin orderto limit radiation exposure. Small batch sizes may

not be suitable for larger clinicaltrials, and are also prone to formulation inconsistencies,

which can alter in-vivo dissolution behaviour (69). It should also be noted that the in-

vivo dissolution characteristics ofnutrient-containing delivery systems have not been

evaluated using gamma-scintigraphy, and thus the effect of radio-labeling on the

distribution and absorption of a vitamin is not known.



18

2.1.3.3 Radiology

Radiological techniques, such as fluoroscopy,havetraditionally been used to

assess the motor behaviourofthe gastrointestinal tract (154,155) using orally ingested

contrast media. This concept has also been applied to the in-vivo evaluation of controlled

release oral delivery systems by incorporating a radio-opaque material (such as barium

sulphate) into the formulationitself (156). This combined use of radiology and

pharmacokinetics has been used by groups, such as Marvola,et al., to assess different

types of delivery systems with respectto the relationship between drugrelease location,

and subsequent absorption (157,158). The main advantages of fluoroscopic monitoring

methodsare related to the use of inert insoluble radio-contrast materials for visualizing

purposes. A commonly employed material, barium sulphate, is generally compatible

with most delivery system components and coatings, and has not been foundto interfere

with in-vivo drug absorption dueto its extremely low bioavailability (153). In contrast to

radioisotopes, barium sulphate is very stable and does not require specializedfacilities or

time-sensitive procedures to be handled safely. In powder form, it can be incorporated

directly into capsule or tablet formulations, and is appropriate for scale-up production.

The major physiological risk associated with fluoroscopy is repeated radiation

exposure, although recent advances in imaging technology have allowed the required

radiation dose per image to be decreased (63,159). In terms of monitoring the in-vivo

characteristics of orally administered delivery systems, the major disadvantageofthis

imaging methodis the qualitative nature of the data collected. Despite these noted

limitations, however, fluoroscopy has been successfully employedto track delivery

systems, as well as other orally administered monitoring devices, through the

gastrointestinal tract. Fallingborget al., used fluoroscopyto localize radiotelemetric
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capsules to determinethe pH profile of different intestinal regions (103,106).

Gastrointestinal transit rates have also been evaluated using this imaging technique by

confirming the anatomical location ofa tethered pressure-sensitive radio-pill (63).

Fluoroscopy mayalso be successfully applied as a novel method for monitoring

the transit and dissolution characteristics ofnutrient-containing colon-targeted delivery

systems. Although the quantitative output of scintigraphy has generally been preferred

for studying the intestinal delivery of drugs, the use of radioactive isotopes makes this

imaging techniquea less feasible option when appropriate pharmaceutical manufacturing

facilities are not available. Furthermore, the chemicalstability of contrast agents, such as

barium sulphate, may be moresuitable for nutrient absorption studies in the large

intestine, since the colonic transit time of a delivery system could exceed the halflife of a

radioisotopelabel.

2.1.3.4 Monitoring folate uptake from the large intestine

The presenceoffolate in the blood stream is generally used as an indicator of

vitamin absorption from the small intestine; however the degree to which bloodlevels

can reflect the absorption ofbacterially synthesized folate from the colonic lumenhasnot

been confirmed. The group ofKim et al. have used endoscopic methods to determine the

colonic mucosal folate concentrations ofhuman subjects, and reported direct correlations

between mucosal and blood folate levels (160,161). These results demonstrate that

blood folate may be a reliable indicator of colonic vitamin status; however, they do not

provide quantitative evidence for the relative contribution ofbacterially synthesized

folate to the appearanceofthis vitamin in localtissues or the systemic circulation.

Furthermore, it is possible that the level of folate found in the colonic mucosa was
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underestimated since endoscopic procedures must be performed on a ‘clean’ bowel, and

thus the naturally occurring populations of folate-producingintestinal bacteria were likely

depleted. Therefore, our success in determining the bioavailability of bacterially

synthesized folate in the large intestine depends onour ability to quantitatively deliver

this vitamin and its precursor, PABA,to the intact large bowel. A folate-containing

delivery system can be used to by-passthe small intestine, and monitoring methods, such

as fluoroscopy, can be employed to verify the approximate anatomical location of dose

release and subsequent absorption.
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2.2 FOLATE

2.2.1. Chemical structure and properties

Folate is an essential water-soluble vitamin of the B group. The termfolate

generally refers to both synthetic and natural forms of the vitamin, which are structurally

related (162,163). Folic acid is the synthetic and fully oxidized form of folate. It has a

chemical structure and nutritional activity similar to that of natural folates, and is the

most common form of the vitamin used for supplementation and food fortification

(164,165). Natural folates exist primarily as reduced, one-carbon-substituted forms of

pteroylglutamates, which consist of a pteroyl group [a pteridine ring (2-amino-4-

hydroxy-pteridine) attached through a methylene bridge to para-aminobenzoic acid

(PABA)] and attached glutamate residues (166) (Figure 2.2.1). Pteroylglutamates can

differ in the numberof glutamy] residues attached to the pteroyl group. Intracellular

folates have been foundto contain 5-8 glutamate residues ( polyglutamates) (165), while

those found in serum are monoglutamated.
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In the body, an important function ofpolyglutamated folate species is likely

intracellular retention, and they are thought to have higher affinity for enzymesthat

utilize folate as a cofactor (166). The biologically active form, tetrahydrofolate, appears

to act as a cofactor in multiple biochemical reactions by donating or accepting one-

carbon units from such compoundsas glycine and serine (165,167). 5-

Methyltetrahydrofolate (SMTHF)has been the most common form found in both plant

and animaltissues (163), and is likely the predominant form in the humancirculation

(168). Thestability of folate is pH-dependent with the reduced forms moststableat

pH>8 and pH<2andleast stable between pH 4-6. While the synthetic form, folic acid,

appears to exhibit muchgreater stability than the reduced folates, all forms of folate can

differ in their susceptibility to oxidative degradation, which is enhanced by oxygen,light,

and heat.

2.2.2. Food folate

Since humansare incapable of de novo synthesis or long term storage of folate, a

frequent and adequate supply of this B-vitamin must be obtained from the diet. Naturally

rich sources offolate include yeast extracts such as Marmite, liver, kidney, leafy green

vegetables, citrus fruit, and fermented dairy products (169). The adequacyofusualfolate

intake in a population can vary depending on the availability of folate-rich foods and

dietary preferences. In Finland, for example, it has been determinedthat rye is the best

single source offolate since it is consumed regularly and, thus, contributes about 11-12%

to the average daily folate intake of the Finish population (170).

Usualfolate intakes can also be influenced byfoodfortification strategies, which

have been mandated on a nation-wide basis in North America over the past decade.
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National and provincial food intake surveys, conducted between 1990 and 1998,revealed

that the dietary folate intakes of most 18-65 year old Canadians tended to be lower than

the recommendeddietary allowance (400ug/dayfor adults) (171,172). Due to this

finding, and the large body of evidence correlating the periconceptionaluse offolic acid-

containing supplements and the reducedrisk ofcertain birth defects (neural tube defects

such as spina bifida and anencephaly) (173-176), the addition of folic acid to white flour

and enriched pasta and cornmeal (150ug/100g flour and 200ug/100g pasta) became

mandatory in Canada in November 1998 (177). A recent report of dietary intakesin the

province ofNewfoundland indicated that the consumption of folate had increased by

70ug/d among reproductive-aged women,after the implementationofa fortification

program (178). It is also interesting to note that bread, rolls and crackers (made with

wheat flour) are now considered to be the largest contributors of folate in the American

diet (15.6%), as demonstrated by a comparison of national survey data pre- and post-

fortification (NHANESIII and NHANES 1999-2000) (179).

Due,in part, to the potential adverse effects of high folic acid intakes, namely the

masking of a vitamin B12 deficiency (180), other countries in the world have questioned

the safety and efficacyof fortifying the food supply. Instead, some have advocated for

improvingfolate status through dietary means. Since 2001, for example, the Swedish

Food Administration and National Board of Health and Welfare recommendedthatall

fertile womenincrease their folate intake to 400ug/day by eating folate-rich foods such as

green vegetables, fruits, fermented milk products, and coarse rye bread (181).
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2.2.3. Intestinal Transport

It is generally accepted that folate is mainly absorbedin the jejunum through a

multi-step process involving transport across the brush border membrane, passage

through the enterocytes and transport across the basolateral membrane (23,164). Before

absorption across the enterocyte can occur, however, polyglutamyl folates are hydrolyzed

to folylmonoglutamates(166) then absorbed via a specialized pH-dependent(182)

carrier-mediated mechanism (12). The uptake of monoglutamates has been described as

either a passive or active process. Passive transport may occur primarily when very high

levels of monoglutamyl folates are ingested, although it is likely insufficient to sustain

adequate folate levels on its own. Active transport has been regardedas the most

important absorption mechanism in the bowel, and is likely necessary to prevent back

diffusion of monoglutamates. Uponarrivalin the enterocyte, folate monoglutamates

havebeentraditionally thought to be metabolized to 5SMTHF,which is the principal form

of the vitamin in serum.

Folate receptors, which are found on cell membranes, transport folates via an

endocytotic process, and tend to havea high affinity for folic acid (183,184). An isoform

ofthe folate receptor, called folate receptor-a, is primarily involved in the transport of

folate across epithelial membranes (183,184). While folate receptors have not been

found to be highly expressedat the level of the gut, the reduced folate carrier (RFC)is

thought to be the major bi-directional, carrier-mediated transporter of folate in the

intestinal tract (12,185). In the proximal small intestine, the RFC has been foundto have

similar affinity for reduced (e.g., SMTHF)and oxidized(e.g., folic acid) formsoffolate

(186), a characteristic that may be uniqueto the gut. Although it has been well

established that the small intestine is the preferred site of folate absorption, the RFC is
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likely also presentin the large intestine, but at different levels in each region (12).

Recent studies on humancolonic epithelial cells have revealed a possible folate transport

system in the large intestine that has similar mechanismsto that found in the small

intestine (20,23) The existenceof an efficient carrier-mediated folate transporter in the

human colon may imply that endogenousfolates in the large intestine (such as those

synthesized by intestinal microflora) could be absorbed from this region and contribute

towards total folate homeostasis.

Absorption across the colon

As mentioned above, evidence from several in vitro and animal studies has shown

that folate is likely absorbed across the large intestine, and that the absorption process

may besimilar to that of the smallintestine (13). In vitro studies ofhuman colonic

epithelial cells have demonstrated that the folate uptake system is likely under the

regulation ofan intracellular protein tyrosine kinase- (22) and cAMP-mediated pathway

(12). In 2001, Dudegaet al. conducted an in vitro experiment to examine the mechanism

of folate uptake by purified basolateral membranevesicles, which were isolated from the

colonic mucosa of organ donors. Theresults showed that a pH dependent, DIDS'-

sensitive, carrier-mediated uptake system is likely involved, and that the transport of

folate across the human colonic basolateral membrane could be an electroneutral process

(22).

In 2000, Said et al. used a rat model to examinethe effect of dietary folate

deficiency on the ability of the large intestine to absorb folate. Upon inducingfolate

deficiency with a low-folate diet that contained the antibiotic succinyl sulfathiazole (in

 

"Anion exchange inhibitor, 4,4’-diisothiocyanate-2,2’-stilbene disulfonic acid
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order to decrease the contribution ofbacterially synthesized folate to total folate level),

there was a significant up-regulation in the steady-state mRNAlevel ofRFC inthe rat

colon. From this finding, the investigators suggested that a folate deficient animal may

try to maximize the uptake ofbacterially synthesized folate in the large intestine (187).

Since the authors also observed a similar up-regulation in RFC mRNAlevel in the small

intestine of folate-deficient rats, they went further to propose that a similar regulatory

mechanism mayin fact exist in these two distinct regions of the intestinal tract (187).

2.2.4. Folate excretion

Theliver has been found to play an importantrole in the uptake ofdietary folate,

and enterohepatic recirculation may play a major role in maintaining plasma folate

concentrations by clearing non-methylated folates from the circulation and re-excreting

them into bile as methylated species (166). In a study by Lin et al. (2004), it was found

that the amountof folate that is released into the gastrointestinal tract via bile may be as

large as 4.25 times the dietary intake (188). It was further estimated that approximately

65% ofintracellular folate monoglutamates are eventually re-circulated to the

gastrointestinal tract via bile, while the remainder are used for pteroylpolyglutamate

synthesis. Lin et al. also foundthat the excretion of monoglutamated folates (and their

oxidation products) in feces could represent almost 50% of usual dietary intakes

2.2.6. Folate bioavailability

Natural Food Folates

The bioavailability of a nutrient can be defined as the proportion of the ingested

amountthat is absorbed and becomesavailable for use and storage in the body (189).

Early investigations on the intestinal absorption of naturally occurring food folate have
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led to the general consensusthat they are approximately 35-50% less bioavailable than

pure monoglutamated folic acid (190-194). Other investigators have recently found that

the bioavailability of certain natural forms of folate, namely SMTHF,is actually similar

to or even higher than folic acid. In a study by Pentievaet al. (2004), equivalentoral

doses of SMTHFand folic acid produced similar changes in plasma folate concentrations

amongfolate saturated adult male subjects (195). Houghton and colleagues very recently

reported that supplementing lactating women with 5MTHFappearsto be moreeffective

than equimolar supplementation with folic acid in maintaining maternal erythrocyte

folate concentrations (2178 versus 1967 nmol/L for SMTHFandfolic acid, respectively;

p<0.05) (196). Similar findings have been reported by the group of Lamerset al. (2006),

who also demonstrated a dose-dependentincrease in red blood cell folate concentration

of 190nmol/L for every 100yg of supplemented SMTHF(197). In light of these findings,

it is conceivable that supplementing with natural folate derivatives (such as SMTHF)is a

suitable alternative to synthetic folic acid, especially since the natural form may havethe

added advantage of not masking the anemia of a vitamin B12 deficiency (195-197).

2.2.7. Folate and human health

Various disorders are thought to be underthe influenceoffolate status or allelic

variations in genes coding for folate-dependent enzymes (169). Specifically, folate

nutrition has been implicated in the etiology of neural tube defects (NTDs) and several

cancers (including colon cancer). Folate nutrition has also been associated with the

incidence of anemia, cardiovascular disease, early pregnancy losses and preeclampsia,

Alzheimer’s disease, and certain affective disorders (164,198). While the development of

most disorders can be explained within the context of folate-dependent one-carbon
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transfer reactions, the precise underlying cause may belinked to a combinationoffactors.

Folate has been found to be an important co-factor in the remethylation of homocysteine

(Hcy) to methionine, and an elevated total plasma Hey concentration has been considered

to be a markerfor a defect in folate metabolism or for folate deficiency. High plasma

Hcyconcentration has also been considered a risk factor for cardiovascular disease,

NTDs, Alzheimer’s disease, and colorectal cancer. It has thus been suggested that the

Hcy-lowering effect may be an importantaspectoffolate-related health (164).

Furthermore,thelikely role of folate in purine and pyrimidine biosynthesis may imply

that impaired folate metabolism can havean effect on DNAelaboration and/or gene

expression (169).

Neural Tube Defects

Thepossible role of folic acid in the prevention of congenital malformations was

first proposed in 1964 (199) and, since then,the health benefits of folate before and

during early pregnancy have been well established, especially with regards to NTDs.

During embryonic development, at around 24 days post-conception (200), the neural tube

is likely formed when a “flat sheet” ofcells rolls up in a processcalled neurulation (174).

Failure of this process to be completed properly may result in developmental defects of

the brain, spine, and spinal cord (174). Two of the most common NTDs include spina

bifida and anencephaly (200). While anencephaly is knownto be

a

lethal defect, spina

bifida tends to have a highersurvivalrate but with increased risk for morbidity and

mortality throughoutlife.

Evidence derived from early observational studies led researchers to suspect an

association between maternalfolate status and the risk of NTD-affected births (201). By
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the early 1990’s, periconceptionalfolic acid supplementation was generally accepted as a

meansto reduce both the incidence and recurrence ofNTDs(202). In 1991,a large

multi-centered prevention trial was conducted in the United Kingdom by the Medical

Research Council Vitamin Study Research Groupin order to determine whether

supplementation with folic acid aroundthe time of conception could in fact prevent

NTDs(174). Womenofchildbearing age with histories ofNTD-affected pregnancies

were randomized to a control or vitamin group, and their pregnancy outcomes were

monitored. The results of this double-blind trial showed that an estimated 72% of

potential NTDs werelikely prevented by folic acid supplementation (174).

In a subsequenttrial, Czeizel and Dudasinvestigated the extent to which folic

acid supplementation could reducethe incidenceofa first occurrence ofNIDs (203).

The study subjects, consisting mostly ofwomen who were planninga first pregnancy,

were tandomizedto receive a vitamin (containing 0.8mgoffolic acid) or trace-element

tablet commencing at least one month before conception. Out of 4,753 confirmed

pregnancies, congenital malformations(including six cases ofNTDs)were significantly

more prevalentin the trace-element group versusthefolic acid-containing vitamin

supplement group (p=0.02) (203). Collectively, the results from these and otherstudies,

have supported periconceptionalfolic acid supplementation initiatives, as well as the

implementation ofmandatory folic acid food fortification policies in several countries

(including the U.S., Canada, Chile, Costa Rica, and Brazil) (201).

In Canada,the mean blood folate concentrations among womenofchildbearing

age have increased since the onset of mandatoryfolic acid food fortification in 1998. Ina

study by Ray, the mean difference in pre- and post-fortification erythrocyte folate

concentration among >38,000 Ontarian women (18-42 year old) was reported to be 214
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nmol/L. Likewise, the incidence ofNTDs was shownto decrease by ~48% among

337,000 Ontarian women between 1994 and 2000 (200). Ina 10-year retrospective study

(from 1991 to 2000) ofNova Scotian women, Persad et al. reported that the annual

incidence of all open NTDsdecreased significantly (by ~54%) after the implementation

of folic acid fortification (200). Further data on provincial NTD incidence was reported

in a public health review by Eichholzeret al., which stated that post-fortification values

had fallen by 32% and 78% for Quebec and Newfoundland, respectively (200).

Colon Cancer:

Initial investigations into the possible effect of folate intake on colorectal

neoplasia have been fueled by the observationthat low intakesoffruits and vegetables

tend to be positively associated with the prevalence of colon cancer (204). Somereports

have stated that certain fruits and vegetables maybe protective against colorectal cancer

(CRC) through the provision ofdietary fiber (205); however, their folate content may

also play a significant role in chemoprevention. The exact mechanism(s) by which folate

can influence the developmentofcertain cancers have yet to be defined, howeverthey

are mostlikely related to the role of folate in one-carbon metabolism. DNA synthesis,

stability, integrity, and repair are likely central to folate-dependent pathways, and

aberrations of these events have been implicated in cancer development (206).

Specifically, DNA hypomethylation appears to be an early step in colorectal

carcinogenesis (207). Furthermore, compared to healthy non-neoplastic cells, cancer

cells may haveincreased folate requirements since they proliferate rapidly, have

accelerated DNA synthesis, and tend to display increased rates offolate catabolism.
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The evidenceto date on therelationship between folate and CRC has been

demonstrated through data from prospective epidemiological observations, human

intervention trials, and animalstudies. Collective evidence from epidemiologicalstudies

(such as the Nurses Health Study) suggests an inverse relationship between dietary folate

intake, or bloodfolate levels, and the risk of CRC or colorectal adenomas (208,209). Ina

recent meta-analysis of 7 cohort and 9 case-control studies, an inverse relationship

between folate consumption and CRC risk wasalso revealed, which was stronger for

dietary folate (folate from foods alone) comparedto total folate (folate from foods and

supplements) intakes (210). Among the cohort studies, a 25% lowerrisk of CRC was

associated with the highest dietary folate intakes, which ranged from less than 103 to

more than 422;1g/day. Conversely, a non-significant 5% lower risk of CRC was observed

amongthose with higher total folate intakes (more than 243Opg/day) (210).

Randomized clinicaltrials of folate supplementation (Smg/day) have also

provided some evidence towards a reducedrisk of colon cancer. In a study by Cravoet

al. (1998), a significant decrease in DNA hypomethylation (p=0.05) was found among

folate-supplemented subjects with histories of single adenomatous polyps (211). Similar

effects of folate supplementation on DNA methylation were found by Kim etal. (2001),

whoalso reported increased mucosalfolate concentrations that were reflective of folate

levels in the circulation (17). Further evidence in humans has shownthat individuals

with diseases of the gastrointestinal tract, such as inflammatory boweldisease (Crohn’s

disease or ulcerativecolitis), tend to have a 10-40 fold increased risk of developing CRC

compared to the general population (212). Inflammatory boweldisease-related folate

deficiency, as exhibited by low bloodfolate values or elevated Hcy concentrations, has

been frequently reported. Suboptimal folate status in inflammatory bowel disease
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patients maybelinked to inadequate dietary intake due to malaise, anorexia, elevated

folate requirements due to bowelinflammation, and possible inhibition offolate

absorption as a result of drug therapy (213). There is also evidenceto suggestthatfolic

acid supplementationin patients with IBD can reverse folate deficiency and reduce the

accompanying risk ofCRC (214). Cravoet al. (1995) reported direct and significant

correlations between folate concentrations in the blood and the colonic mucosa(1=0.60-

0.62, p<0.001) after 6 monthsof supplementation (S5mg/day) amongpatients with

inactive inflammatory boweldisease (215).

Most animal studiesin this area have used chemical carcinogen-induced and

genetically engineered rodent models of CRC. Results from these investigations have

suggested that folate deficiency may predispose normalepithelial tissues to neoplastic

transformation, and folic acid supplementation can suppress the development of tumors

in normalhealthy tissue (16). Contrary to these findings, however, animal models have

also demonstratedthat correction ofa folate deficiency or folic acid supplementation can

promote the developmentoftumorsin tissue with established neoplastic foci (16).

Despite these findings, an inverserelationship betweenfolate status and risk of

CRC hasnot always been consistent or reproducible. One theory behind this discrepancy

maybe the potential role of elevated usual intakesoffolic acid due to the implementation

of a fortification program in North America. In a recent epidemiological review,the

group of Masonet al. (2007) revealed a rising trend in CRC incidence in Canada andthe

United States that seemed to correlate with the advent of mandatory folic acid food

fortification (216). These findings have been supportedbythe results from a randomized

clinical study, recently conducted by Cole et al. (2007), in subjects with previous

histories of large intestinal polyps. The authors found that daily doses of Img folic acid
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for 5 years was associated with an increased risk of >1 colorectal adenoma(RR,1.13)

and >1 advanced lesion (RR, 1.67), as well as non-colorectal cancers (217). Althoughthe

collective findings from these studies do not imply causality, they do remindusthat the

relationship between folate status and colon health is not linear, especially in the case of

chemoprevention. Furthermore,it is possible that microbial synthesis offolate in the

large intestine may bea significant uncontrolled confounding factor that has contributed

to the variability in the data collected (218).
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2.3 INTESTINAL MICROFLORA AND FOLATE NUTRITION

2.3.1. Bacteria of the large intestine

Current knowledge of the microbiotic species that reside in the human gutis far

from complete (219), however the colon is known to harbour a complex group of

microorganismsthat consists primarily ofbacteria, as well as fungi and protozoa

(5,6,220). Total populations in the large bowel range from 10"! to 10'* CFU/mlof

contents (compared to 10°°-10°? CFU/mlin the distal small intestine) (221), which is

~10 times greater than the total number of somatic and germ cells in the human body

(222). There also appearsto be a characteristic spatial distribution of these organisms

within the large gut. At least 4 colonic microhabitats have been described: the intestinal

lumen, the unstirred mucuslayer, the deep mucus layer, and the surface of mucosal

epithelial cells (6).

Although the total number of microbesin the gastrointestinal tract seems to be

similar in different human populations (220), the composition and activity of the

indigenous microflora maybe affected by the physiology of the gut, as well as changes in

substrate availability, and luminal pH (28). In the proximal colon, microorganisms

flourish as intestinal motility is low, and there is generally a plentiful supply of dietary

nutrients, and a mildly acidic intra-luminal pH. All of these factors favourproliferation,

and thus the highest microbial activity has been observedin this region of the large

intestine. In the distal colon, bacteria grow more slowly due to lower substrate

availability, and a luminal pH that often approaches neutrality (28). It has been estimated

that >500 species of microorganismscoexist in the human colon (28,220,223), most of

which are anaerobic. Thestrict anaerobes include the genera Bacteroides spp.,

Clostridium, Bifidobacterium spp., Atopobium spp., and the peptococcci. Facultative
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anaerobesoccur in much lower numbers (~1000-fold) and include lactobacilli,

enterococci, streptococci and Enterobacteriaceae. Although the highest microbialactivity

has been observed in the proximal colon, molecular procedures have shownthat aerobes,

including E.coli, enterococci, and lactobacilli, also have metabolic activity in the rectum

(28,220,221,223).

Although thereis potentially a large degree ofvariability in the proportion of

microfloral species between humanadults (220), molecular studies have shownthatthe

composition of the colonic microbiota within individualsis usually fairly stable over long

periods (28,222). Any observed variations may be due to differences in environmental

factors (such asdiet), or other host-related factors, including genetics (222) andintestinal

physiology(e.g., gastric acid andbile secretion, peristalsis and transit time) (5,220). This

implies that mechanisms mayexist to suppress the growth of subpopulations or promote

the abundance ofdesirable bacteria (222). With present sampling technologies, fecal

analysis is the only non-invasive method for determining the composition of intestinal

microflora (220). Dueto this technological limitation, differences in the human

microflora at various anatomicalsites have not been well documented. It is assumed,

however, that the proportions and activities of the microflora change with passage

throughtheintestinal tract. Several investigators have also suggested that individuals

harbour their own distinctive pattern ofintestinal microflora, that usually remains

constant throughoutadult life (223). Recently, a group of seven European labs joined

efforts to develop molecular methodsfor elucidating the composition andactivity of the

human intestinal microflora acrossthe lifespan (219). Upon comparing microbial

populations ofdifferent age groups,it was found that the flora of elderly people was more
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diversified than that of younger adults. In contrast, the microbial diversity of babies was

found to be extremely low (219).

In general, intestinal bacteria may be divided into species that exert either harmful

or beneficial effects on the host (28). Some species of microorganisms can enhance a

host’s resistance to infection by producing a range of antimicrobial agents that are active

against other harmful bacteria. Observations have also suggested that microbes have

evolved synergistic mechanismsto influence the colonic environmentfor their own

benefit, and potentially that of the host (221). Bifidobacterium is a major group of

saccharolytic bacteria in the human colon, and can constitute up to 95% of the total

intestinal population in newborns and approximately 25% in adults. Oneofthe potential

positive effects ofbifidobacteria on human health maybe the productionoffolate (28),

since mammalians lack the appropriate enzymes to produce this vitamin de novo.

2.3.2 Intestinal biosynthesis of folate

As mentioned above, humansare not capable of synthesizing folate and, thus, rely

on other exogenoussources(dietary and perhapsbacterially synthesized) to maintain

body stores of this vitamin. Through several decades of research, certain species of

intestinal bacteria have been shownto besignificant producers offolate (13). The

characterization of folate-synthesizing bacteria has been accomplished through

investigations ofstarter cultures that are used in dairy fermentation (224). In 2003,

Crittenden et al. examinedthe level of folate produced in fermented milk products, and

reported that Bifidobacterium isolates could synthesize folate, while lactobacilli actually

depleted the folate levels of the medium. Mixed cultures of two folate-producing

organisms (Bifidobacterium animalis and Streptococcus thermophilus) were found to
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increase the level of folate in skim milk by more than six fold. On the other hand,

inoculation with both a folate producing strain (Bifidobacterium animalis) anda folate

utilizing strain (Lactobacillus acidophilus) resulted in little net change in the total folate

concentration of the milk medium (225).

As demonstrated in-vitro by Sybesmaet al. (2003), folate synthesized by L.lactis

is enhanced (two-fold) when greater amounts of PABAare available, up to an apparent

saturation concentration of 10014M. Some amountoffolate synthesis was also observed

in the absence of PABA,indicating that L.lactis likely has the ability to synthesize PABA

(226). This study group also showed that certain strains oflactic acid bacteria are high

folate producers (S.thermophilus), while others are primarily folate consumers

(Lactobacillus). The excretion of synthesized folate from bacterial cells tended to vary

from strain to strain, and appeared to favour low pH levels in the surrounding culture

media. Folate distribution was also found to vary according to polyglutamy]tail length,

since extracellular folates tended to have fewer glutamate residues than those identified

within bacterial cells (226).

Early humanstudies have shownthat the amountoffolate excreted daily in the

feces of adults (300-500 ug/d ) can outnumberdietary intake (<100ug/d ) by 3- to 5-fold,

providing indirect evidence ofin vivo folate biosynthesis by the intestinal microflora

(13,227). The mechanismsofbacterial folate synthesis have been well-defined; however

the role that this B-vitamin source plays in colonic health, and the overall folate

homeostasis ofthe host,is still under investigation. One reason for this knowledge gap

maypertain to the methodological difficulties of distinguishing betweenfolate that has

been synthesized by colonic bacteria from that which has escaped small intestinal

absorption. In 1996, the study group of Camiloet al. partly addressed this gap by
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following the fate of radiolabeled folates that were synthesized by bacteria in the small

intestine ofhuman subjects with modest bacterial overgrowth (227). The study protocol

involved the introduction oftritiated PABA into the duodenum ofthe subjects to allow

the investigators to distinguish between serum folates that were synthesized by bacteria

versus those of other endogenousorigins. The intestinal eluates of all subjects contained

detectable quantities oftritiated folate products of bacterial synthesis, which were

assimilated by the host. The authors estimated that the observed rate of bacterial folate

synthesis in the proximal bowel wassufficient to influence the folate status of those with

small intestine bacterial overgrowth. It could not be concluded, however, whether folate

synthesized by bacteria in the large intestine is also available to the host (227).

Recent research efforts have been more focused on the amount and fate of folates

that are synthesized by microorganismsin the large bowel. The study group of Lin and

Young (2000) examined8 strains of lactic acid bacteria, and found that certain species of

Bifidobacterium had the highest level of folate accumulation at 100ng/mL. Interestingly,

in 6 out of the 8 strains examined, the form of folate that was found to accumulate the

most was SMTHF(228). Studies of the fecal folate content of human adults and infants

have revealed similar results. In 2004, Kim et al. studied the folate content of feces from

formula- and breast-fed human infants (n=22), and found that a large proportion of the

total fecal folate (approximately 2/3) was predominantly in the form of SMTHF.

Additional analyses revealed that 52.5+30.1% of the total SMTHF was

monoglutamylated, a form that can be readily absorbed across the small intestine.

Furthermore, it was estimated that the depot of folate existing in the large intestine of

nursing human infants mayrepresent, on average, ~63% of the adequate intake level for

infants under 5 months of age (65ug/day) (13). It was, thus, hypothesized that the folate
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produced by bacteria in the large intestine could be absorbed andplaya significant role in

maintaining overall folate status.

This hypothesis was tested in a subsequent study by Asrar et al. (2005), where a

tracer dose oftritium (*H)-labeled PABA wasinjected into the cecum ofpiglets (n=6). It

was found that 12.6% ofthe injected H -PABAwasconverted, by the intestinal

microflora, into 3H -folate, which was absorbed across the large intestine and

incorporated into the liver (0.4%) or excreted into the urine (15%)ofthe piglets (31).

From theseresults, it was predicted that approximately 18% ofthe dietary folate

requirement for the piglet could be met through its absorption across the large intestine

(31). The findings from this study were also comparable to those of a rat study with a

similar protocol, where 6.9% of the administered 7H-PABA wasrecoveredasbacterially

synthesized *H-folate (32).

In humans,indirect data do exist to suggest that bacterially synthesized folate in

the colon may impactfolate status (31). Results from an observational study in female

adolescents led Houghton and colleagues (1997) to propose that increases in serum folate

could be secondaryto an increase in dietary fiber intake (and hence the quantity of

fermentable substrate reaching the colon) through enhanced intestinal microbial growth

(33). A study by Woleveret al., in human diabetics, also attributed an increase in serum

folate content to an enhanced colonic bacterial population through the use of miglitol, a

drug that inhibits carbohydrate digestion (229). This, and additional evidence from

animalstudies (24,230), has lead researchers to hypothesize that dietary manipulation of

the profile of microorganismsin the large intestine can alter folate production and, in

turn, influence overall host vitamin status (31). To date, there a lack of direct evidence to



support this hypothesis, since a feasible method for measuring the absorption of

bacterially-synthesized folate across the human largeintestine has not bee developed.
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3. ABSORPTION OF BACTERIJALLY-SYNTHESIZED FOLATE

ACROSS THE LARGEINTESTINE PRE-TRIAL I AND Hi: IN-VIVO
BEHAVIOUR OF PLACEBO CAPLETS WITH PH-SENSITIVE

COATINGS DESIGNED FOR COLON TARGETING

3.1 DATA CHAPTER INTRODUCTION

3.1.1 Rationale

Research in the area of colon targeted delivery systems has been driven by the

needto better treat local disorders of the large intestine (such as inflammatory bowel

disease andirritable bowel syndrome) using pharmacotherapy (119,231). The colon has

also been receiving attention as an alternative site for drug and micronutrient absorption,

however, there has been little application of pharmaceutical technologyto this area of

research (11,12,232). Nutrient absorption across the human large intestine has previously

been investigated using the rectal route, via suppositories and enemas. While these

methodsarereliable in terms ofby-passing the small intestine, they are invasive, and

their targeting specificity is limited to the distal colon (233,234).

Determining the absorptive capacity of the intact large intestine is important since certain

essential vitamins, such as folate, are increasingly recognized as having significant roles

in humanhealth (especially in terms of fetal development and colon cancer). Large

amounts ofbacterially-synthesized folate have been foundto exist in the colon; however,

the percent bioavailability of this natural vitamin source is not known. Colon targeted

pharmaceuticals may provide a feasible and non-invasive meansfor quantitatively

delivering folate to the undisturbed human colon and measuringits uptake. One type of

drug delivery technologythat is likely suitable for this purpose is the pH-dependent

system, which is currently approved for use in Canada. Several of these preparations are

used to deliver anti-inflammatory drugsto the distal intestine in patients

41
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with inflammatory bowel disease (39,55,142-145). Its mechanism is based on the

assumption that intra-luminal pH levels gradually rise on passing from the acidic

environment of the stomachto the relatively neutral terminal ileum (4,39).

The formulation of a pH-dependent delivery system often consists of a coating

material that is chemically engineered to be acid-resistant but soluble at neutral pH

ranges. One such coating material, called Eudragit (Degussa GmbH,Dusseldorf,

Germany), is available for commercial use and has been applied to a variety of

controlled-release pharmaceuticals. The Eudragit productline consists ofpolymer sub-

types that are made up ofdifferent methacrylic acid and methyl methacrylate ratios to

impart dissolution pH thresholds of 5.5 (Eudragit L30D-55), 6.0 (Eudragit L100),or 7.0

(Eudragit S100 and FS 30D). Althoughthe site-specificity of these coating products can

be quite variable, they are suitable for the treatment of inflammatory bowel disease since

complete drug delivery to the large intestine is generally not essential. In contrast, the

absorption of folate acrossthe large intestine must be investigated using delivery systems

that are designed to consistently release their contents past the terminal ileum,sincethis

vitamin is knownto be readily taken up by the smal! intestine.

Recentin-vitro studies have shown that combining the pH sensitivities of

different Eudragit polymers, such as $100 and L100, may improve the site-specificity of

colon-targeted delivery systems (44,235,236). This polymer mixing allows for the

creation of coating formulationsthat will begin dissolving at pH levels that approximate

the distal small intestine, while delaying the onset of drug release until the proximal

colon by adjusting the coating thickness. Presently, there are no such delivery systems on

the Canadian market that are appropriately formulated for investigating vitamin

absorption acrossthe large intestine. Therefore, the purposeofthis study was to design a
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suitable pH-dependent dose release system for future experiments involving the delivery

of the B-vitamin, folate, specifically to the human colon. The objectives were to evaluate

the disintegration profiles of various enteric coating formulations both in-vitro, and in

healthy human subjects. The coating formulations that were investigated in-vitro,

consisted of the copolymers Eudragit L100 and S100, which were combinedin three

different ratios (1:0, 1:1, and 3:1) and applied to placebo caplet cores at a range of

thickness levels (9% - 14% w/w). Subsequent human studies were performed to compare

the in-vivo dissolution characteristics of the (Eudragit L100:S100) 1:0 formulation (Trial

1), and 3:1 formulation (Trial 2) in the same subjects with a minimum 2-week washout

period. The disintegration andtransit time results from these in-vitro and in-vivo

experiments are reported in the following sections.

3.1.2 Hypothesis

A pH-dependentdelivery system coating can be formulated to quantitatively deliver a

barium sulfate caplet to the large intestine ofhealthy adults.

3.1.3 Objectives

Capletformulation

To test the in-vitro and in-vivo disintegration characteristics of two pH-dependent

delivery system formulations.

Caplet transit

To assess the intra- and inter-individual variability of caplet transit times among healthy

adults in the fed state.
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3.2 METHODS AND MATERIALS

3.2.1 Placebo caplet formulations

Placebo barium sulphate caplets used in the present study were producedin the

Good Manufacturing Practices compliant production facility of the Toronto Institute of

Pharmaceutical Technology. The raw materials used, and the finished placebo caplets

produced, were tested andreleased as per United States Pharmacopoeia requirements.

Thetest caplet cores were made predominantly of a radio-opaque substance, barium

sulfate, to allow them to be monitored in-vivo via fluoroscopy. The cores were coated

with a pH-dependent polymer, designed to promote dissolution in the colon. Except

where indicated, all formulation ingredients were purchased from Sigma (Oakville, ON).

Trial 1
Barium sulfate was blended with a binding agent (polyvinyl pyrillidone K90) and

granulated with purified water using a high-shear mixer (Robot Coupe USAInc.,

Jackson, MS). The resulting wet granules were driedat 35°C ina tray dryer (to achieve a

moisture level of 1.5-2%), then mixed with a diluting agent (microcrystalline cellulose),

as well as a super-disintegrant (sodium starch glycolate, JRS Pharma,Patterson, NY)

using a Maxi-Blend blender (GlobePharmaInc., New Brunswick, NJ). The final

homogeneous mixture was compressedinto tablet forms on a rotary press (MinipressII;

GlobePharmaInc., New Brunswick, NJ) using convex caplet tooling (19.1mm x 9.7mm).

Final caplet cores contained 73% (w/w)barium sulfate, 8% (w/w) polyvinyl pyrillidone

K90, 14% (w/w) microcrystalline cellulose, and 5% (w/w) sodium starch glycolate for a

total weight of 2876.7mg.

The caplet coating consisted of Eudragit L100 (Degussa GmbH & Co.,

Dusseldorf, Germany), a methacrylic acid copolymerwith a solubility pH threshold of
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6.0. After dispersing the coating copolymerin water, a plasticizer (triethylcitrate;

Morflex Inc., Greensboro, NC) was addedto increase the flexibility of the film. A

glidant(talc) was also added as a suspension in order to prevent the coating from

becoming tacky during the drying process. This aqueous mixture was then passed

through a screen (297 microns) to eliminate sediment or agglomerates. Thefinal coating

solution was sprayed onto the barium sulphate caplet cores (LDCS-5 Hicoater, Vector

Corporation, Marion, United States), at an atomizing pressure of 22-24psi, to achieve a

target increase in caplet weight of 10 percent. The coated caplets were driedat 40°C, and

then sampled for in-vitro disintegration tests.

Trial 2
A secondbatch of placebo caplet cores was produced with approximately 10%

less barium sulfate and a higher proportion of microcrystalline cellulose compared to the

first batch of caplets. The purpose of this formulation change was to promote highercore

disintegration rates and corefriability by decreasing their density and increasing their

solubility (237). In termsofin-vivo performance,this adjusted caplet formulation would,

theoretically, ensure complete core disintegration within the large bowel in the event of

prolonged coating dissolution times(dueto a higher pH threshold). With these changes

in place, the final core formulation had a total weight of 2638.9mg, and a component

profile of 72% (w/w) barium sulfate, 8% (w/w) polyvinyl pyrillidone K90, 15% (w/w)

microcrystalline cellulose, and 5% (w/w) sodium starch glycolate. All other aspects of

the manufacturing process were the sameas those used for Trial 1.

Two separate coating formulations were applied to the second batch of placebo

caplet cores. These formulations were manufactured by combining the copolymers,

Eudragit L100 and Eudragit $100,in 1:1 and 3:1 ratios. Since the solubility threshold of
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Eudragit S100 (pH 7.0) is higher than that of Eudragit L100 (pH 6.0), the combination of

these products produced coatings with intermediate pH thresholds, the exact value of

which was governedbytherelative proportion of each copolymer type used. The final

coating formulations were applied to caplet cores at three different levels (9% and 13.6%

of total caplet weight for 1:1 formulations, and 12.6% oftotal caplet weightfor 3:1

formulations) in order to determinethe effect of coating thickness on the disintegration

rates of the delivery systems. All other aspects of the coating manufacturing process, and

in-vitro disintegration tests, were the sameas those used for Trial1.

3.2.2 In-vitro disintegration tests

Trial 1
An initial random sample of 18 coated caplets was selected for vitro disintegration

testing using a standardized procedure for delayed release (enteric coated) tablets

(USP29/NF24) (238). The purposeofthese tests was to confirm that the caplet coating

formulation, and processing conditions, were appropriate for promoting caplet

disintegration at a suitable rate and pH level for in-vivo colon-targeting. The tests were

carried out using a standard six-tube basket assembly with a 10-mesh screen, a 1L

disintegration beaker, and a 19x12x8 inch water bath (VK100 35-1200, Varian Inc.,

Cary, North Carolina). To simulate the impact of gastric and small intestinal conditions

on the integrity of the caplet coating and core, 900mL each of 0.1M hydrochloric acid

(pH 1.2) and 0.06M monobasic potassium phosphate (pH6.8) were prepared and

equilibrated in a disintegration bath to attain a temperature of 37 + 2°C. The

experimental conditions ofall tests were maintained at a temperature between 35° and

39°C.



47

Using the basket-rack assembly,six individual caplets were immersed in 900mL

of simulated gastric fluid (pH 1.2) for one hour, then removed and observed for any

evidenceofcracking, softness, or peeling. If they remained intact, the caplets were then

transferred to 900mL of simulated intestinal fluid (pH 6.8) and continuously monitored

for signs of disintegration. Caplets were considered to have ‘passed’the test if complete

disintegration (defined as the state in which a palpable caplet core could no longer be

identified) occurred within 2 hours of submersion andagitation in the simulated intestinal

fluid. If 1 or 2 caplets did not meetthis criterion, an additional 12 caplets were tested for

a target pass rate of 89% (16 out of 18 caplets).

Trial 2

The second batch of coated caplets was sampled and tested for disintegration

properties using the same methodas described above. Eudragit L100:S100 (1:1) coated

caplets were tested in vitro according to coating thickness level (9% and 13.6% ) at pH

1.2, 6.8, 7.0, and 7.5 (Table 3). Eudragit L100:S100 (3:1) coated caplets (12.6% coating

level) were similarly sampled and challenged in-vitro at pH 1.2, 7.0, and 7.5. The results

from these in-vitro tests were evaluated according to the same acceptancecriterion

applied in Trial 1, and further used to determine which coating formulation and thickness

level would be most suitable for the in-vivo study.

3.2.3 Subjects and study protocol

Healthy adult males and females were recruited to achieve a target sample size of

ten subjects who would each complete both in vivo trials. Exclusion criteria included the

presenceofintestinal disease (e.g. Crohn’s disease or ulcerativecolitis) or recent

gastrointestinal surgery, as well as any other condition or use of medication that may

affect usual digestive motility patterns or intestinal pH. Volunteers were also excludedif
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they were habitual smokers, had consumed alcohol within 24 hours ofthe study day, orif

they were pregnant. All subjects gave informed written consent for each trial (Appendix

1), and the study was approved by the Human Ethics Committee of The Hospital for Sick

Children, Toronto.

After an overnight fast, each subject reported to the Clinical Investigation Unitin

The Hospital for Sick Children at 7:45am on the morningoftheir clinic visit. Upon

arrival, a screening interview and pregnancytest (Clearview hceG II, Wampole

Laboratories, Princeton NJ) were performed, and current height and weight were

determined using standard procedures (239) with a calibrated beam scale (+100g,

Detecto, Webb City MO)anddigital stadiometer (+0.01cm, Hightronic model #235,

Quick Medical, Snoqualmie WA) (Appendix 2). The purposeofthe screening interview

wasto ensure that each subject waseligible to participate. Questions pertainingto usual

dietary practices and bowel habits were included, and females were askedto recall the

date oftheir most recent menstrual period. A registered nurse, otherwise not involved in

the study, was present during the consent and interview processes to ensure that inclusion

criteria were met and anthropometric measures were taken properly.

The caplet was ingested between 0600 and 0800 hours with as much water as

necessary, and immediately followed by a standardized breakfast (see section 3.2.4

‘Dietary Intakes’), At approximately 2 hours post-dose, subjects reported to the Image

Guided Therapy (IGT) department for a fluoroscopic image of the abdominalarea.

Subsequentfluoroscopic images were taken at approximately 60 minute intervalsuntil

complete caplet disintegration was observed or 1800 hours. Subjects were free to leave

the Image Guided Therapy department between imaging sessions, and were asked to

abstain from vigorous exercise.
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3.2.4 Dietary intakes

A standardized breakfast, light lunch, and optional snacks, were provided on each

study day. The standard breakfast was consumed immediately following caplet

administration, and consisted of 500ml1puffed rice cereal and 250ml non-dairy rice

beverage (approximately 960kJ). The meal was designed to be low in energy and

residue, with a nutrient distribution of approximately 85% carbohydrates, 5% protein, and

10% fat. Lunch consisted of vegetable soup, plain potato chips, a medium-sized apple,

and a choice ofbeverage from cranberry or apple juice, to any type of decaffeinated soft

drink, or water (approximately 2550kJ). Snack foods were optional, and ranged in

energy content from 200 to 750kJ. Subjects were not permitted to consume any other

foods after the standard breakfast while the caplet remained in the stomach. Oncegastric

emptying had occurred,all other meals and snacks were providedat the discretion of the

volunteer, and water was available ad libitum throughout the study day.

3.2.5 In-vivo caplet transit and dissolution characteristics

Theintestinal transit of each caplet was monitored using a fluoroscope (Infinix,

Toshiba America Medical SystemsInc., Tustin CA) in the Image Guided Therapy

department of The Hospital for Sick Children. Fluoroscopy was performed bya qualified

medical radiation technologist, and each image required an average of 2 to 3 seconds of

fluoroscopic exposure. The radiation entrance dose was approximately 20mRem per

image, or a total of 120-160mRem for each study day. This level of exposure is roughly

equivalent to a person’s yearly dose of natural backgroundradiation from both external

(cosmicandterrestrial rays) and internal (air, food, and water) sources (240). The time
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that each image was taken wasrecordedin order to determine the gastrointestinaltransit

time ofthe test caplets. The corresponding anatomicallocation of the caplets was also

assessed for each image by a radiologist. Gastric emptying time wascalculated as the

mean time of images that were taken immediately before and after the caplet appearedto

pass through the pyloric sphincter. Colon arrival time was calculated in a similar manner

as the caplet appeared to movedistally past the ileo-cecal junction. Small intestinal

transit time was determined by subtracting gastric emptying time from colonarrivaltime.

The dissolution characteristics of each caplet were determined by assessing the

time and anatomicallocation ofinitial and complete disintegration. Dissolution initiation

time was defined as the mean ofthe two post-dose image time points that occurred before

andafter a clear disruption of the caplet coating could be observed. Complete

disintegration time was recorded as the last image taken at the conclusion ofthe study

day. The regionsofthe gastrointestinal tract where initial and complete disintegration

took place were also recorded and comparedacrosstrials, as well as the total caplet

disintegration time (complete disintegration time — dissolution initiation time). Finally,

the total time from caplet administration to complete disintegration was calculated and

denoted as total transit time.

3.2.6 Data analyses

Fluoroscopic images were reviewed bythe study coordinator and radiologist to

determine the anatomical location and dissolution state of the test caplets.

Gastrointestinal transit and caplet dissolution data were comparedacrosstrials with

paired t-tests using statistical software (SAS, version 9.1). Study day dietary intake

records were analyzed for caloric value using the Canadian Nutrient File (241) or
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manufacturer food packaging labels. The caloric and nutrient intakes of each subject

were comparedto his/her corresponding caplet transit profile to determineif the

consumption of food wascorrelated to in-vivo caplet performance. The variability in

caplet transit times between and within subjects was assessed using an intraclass

correlation coefficient (242).
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3.3 RESULTS

3.3.1 Subject characteristics

A total of 13 subjects (6 males and 7 females) were recruited for the study, ten of

which completed both Trial 1 and Trial 2. One volunteer was excluded from the firsttrial

prior to the consent process due to smoking. Twoparticipants were excluded from the

secondtrial. One of these subjects was diagnosed with cholelithiasis, and the other was

prescribed medication that could affect gastrointestinal motility (e.g. codeine). The

remaining 10 subjects did not differ significantly acrosstrials in terms of weight, height,

and body mass index (Table 1). The macronutrient and energy intakes ofall participants

throughout each study period also did not differ significantly across trials (p>0.20) (Table

 

 

2).

TABLE1 Subject characteristics’
Characteristic Trial 1 Trial 2 p-values

Gender(m/f) 4/6 Al6 N/A

Weight(kg) 63.3+11.1 (47.6-79.0) 64.2+10.7 (47.0-77.5) NS

Height (m) 1.68+0.10 (1.52-1.85) 1.69+0.09 (1.59-1.84) NS

Body MassIndex
22.6+4.8 (18.3-34.4) 22.5+3.7 (18.0-30.6) NS

(kg/m?)

Age (y) 27+11 (20-49) 27+11 (20-49) NS

Ethnicity (n) N/A

Caucasian

Asian

Black 1/11
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‘Values are expressed as means + SD (min - max) unless otherwise noted. Significance of meandifferences

betweentrials determined with paired t-tests.

TABLE2 Summary of study period energy intakes and food composition’
 

 

Food Component Trial 1 Trial 2 p-values?

Total Energy (kJ) 4130+1472 4455+1661 NS

Breakfast Energy (kJ) 812+184 906+119 NS

Carbohydrates (g) 179.1+54.1 196.4+73.1 NS

Dietary Fiber(g) 12.243.3 12.543.5 NS

Protein (g) 13.5+2.8 16.5+10.1 NS

Fat(9) 24.7+15.9 25.2+13.2 NS

 

‘Values are expressed as means + SDunless otherwise noted.
2Significance of meandifferences betweentrials determined with pairedt-tests.

3.3.2 In-vitro caplet disintegration

All sampled caplets that were coated with Eudragit L100 only (formulation 1:0)

did not show evidence of disintegration, softening or cracking when exposedto gastric

simulation fluid (pH 1.2) for 1.5 hours (Table 3). The same caplets dissolved completely

within two hours after they were transferred to a simulated intestinal fluid of pH 6.8.

Similar results were obtained for the (Eudragit L100:S00) 3:1 coating preparation when

test caplets were challengedat pH 1.2 for 1.5 hours, then exposed to an intestinal

condition ofpH 7.5. When tested at pH 7.0, however, the complete core dissolution

times of 3:1 caplets were extended by an average of 60 minutes. The in-vitro

disintegration test results of (Eudragit L100:S100) 1:1 coated caplets showed

a

trend

towardsslight coating disruption at pH 1.2 in approximately 33% ofthe sample (2 out of

6 caplets), which wasconsistent for both the low and high coating levels (9% and 13.6%,

respectively). At pH 6.8 and 7.0, complete core disintegration was not complete by 240

minutes; especially amongthose caplets with greater coating thickness. Upon exposure
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to an intestinal condition ofpH 7.5, however, a sample of 1:1 test caplets with a 13.6%

coating level dissolved completely within 120 minutes.

3.3.3 In-vivo caplet performance

Thetotal average time from caplet administration to complete dissolution (total

transit time) was significantly longer for caplets with mixed 3:1 coating formulation

ratios (600+78min), comparedto the caplets with 1:0 coating formulations (520+90min)

(p<0.01) (Table 4). There wasalso a trend towards longer average times from

administration to the first signs of coating disruption (dissolution initiation times) among

3:1 caplets (p=0.09), although the dissolution rates of their cores did not appear to differ

significantly from those of the 1:0 caplets (p=0.74). In addition to these results, a smaller

proportion of caplets in the secondtrial were observed to begin dissolving in the mid to

distal ileum (1/10 versus 5/10 for 3:1 and 1:0 formulations, respectively) (Table 5). All

other caplet transit outcomes, including stomach emptying, small intestinal transit, and

colonarrival times, did not differ significantly between formulations.
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TABLE 4 Comparisonofin-vivo transit times, dissolution times, and intra-subject variability

of caplets coated with 1:0 or 3:1 (Eudragit L100:S100) formulation ratios!
Eudragit L100:S100

 

Timing (minutes) 1:0 3:1 p-values? ICC

Gastric Emptying 175+74 181+58 0.837 0.12

Smail Intestinal Transit 183+73 241+103 0.333 -0.30

Colon Arrival 358+76 422+110 0.212 0.07

Total Caplet Transit’ 520+90 600+78 0.003 0.71

CapletDissolution 320+78 429+132 0.090 -0.08

Initiation®

Total Caplet Dissolution® 181+56 171+96 0.741 -0.54

 

‘Values are expressed as means + SDfor 10 subjects unless otherwise noted.
2Paired t-test used to determine statistical differences betweentrials.

3The Intraclass correlation coefficient (ICC) approaches 1.0 when any given subject tends to have the sametransit
time values acrosstrials (i.e. less variation within subjects). A negative ICC occurs when the within-subject variance
exceeds the between-subject variance.

‘Total time from caplet administration to complete caplet dissolution.
5Total time from caplet administration to the first signs of coating disruption.
6Total time from thefirst signs of caplet coating disruption to complete dissolution.

TABLE 5 Gastrointestinal location of dissolutioninitiation for 1:0 and 3:1 (Eudragit
L100:S100) coated caplets!
 

Eudragit L100:S100

 

Intestinal Region 1:0 3:1

lleum 5 {

\leo-cecal Junction 1 2

Cecum 2 4

Ascending Colon 1 1

Transverse Colon 1 2

Total 10 10
 

‘Intestinal region wherethefirst signs of caplet dissolution were observed. Values are expressed as numberof
subjects (n).
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In contrast to an apparent lack of difference in mean oro-cecal transit times

between caplet formulations, the variability in these outcome measures tended to be high

within subjects (Table 4). Within-individual variances were determined through the

calculation of intraclass correlation coefficients using mean squares from two-way

analyses of variance. Theintraclass correlation coefficients associated with gastric

emptying time (0.12), small intestinal transit time (-0.30), and colon arrival time (0.07)

demonstrate low agreement in these outcomes within subjects acrosstrials, relative to

between subjects in each trial. Caplet dissolution times also tended to be highly variable

within participants (-0.08 and -0.54 for initial and complete dissolution times,

respectively), whereas the between-subject variance in total times from caplet

administration to complete dissolution appeared to be large (0.71). A similar analysis of

food consumption revealed high intra-subject agreement in total caloric intake values

relative to the variability between participants (0.75) (data not shown).
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3.4 DISCUSSION

3.4.1 In-vitro caplet disintegration

In the present study, the solubility profiles of three separate pH-dependentcaplet

formulations were evaluated through a series of in-vitro disintegration tests. The

disintegration characteristics of each caplet type differed according to the relative

proportions of Eudragit L100 and $100 that were incorporatedinto the coating

formulation (1:0, 1:1, or 3:1 ratios), as well as the level of film thickness applied to the

caplet core (9%, 12,6%, or 13.6% w/w).

The in-vitro dissolution characteristics of the caplets coated with Eudragit L100

only (1:0 formulation) at pH 6.8 were comparable to those reported by Khanet al. (2000),

whoused a similar in-vitro protocol (USP basket method)to test Eudragit L100-coated

tablets at pH 6.5 (44). In both cases, the coating began to show signsofdisruption after

30 minutes in simulated intestinal fluid, and at least 80% of the solid cores had dissolved

within 120 minutes. The group of Kahn etal. also tested a (Eudragit L100:S100) 4:1

formulation at pH 7.0 and reported a dissolutioninitiation time of 30 minutes, which was

also found in the present study when a 3:1 formulation was challenged in similar

conditions.

The in vitro disintegration rate of caplets tested at pH 6.8 was delayed byatleast

2-fold when Eudragit S100 made up 50% ofthe coating formulation (1:1 L100 to $100),

and slowerstill when the thickness of the 1:1 coating was increased from 9% to 13.6%

(w/w). At pH 7.0, however,the dissolution characteristics of (Eudragit L100:S100) 1:1

coated caplets were similar, regardless of coating thickness. This variability in

disintegration profiles was also observed by Chengetal. (2004), who compared the in-
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vitro release characteristics of pellets coated with Eudragit L100 and $100 in 1:0, 1:1,

and 4:1 ratios (236). The authors concluded that coating formulations with higher

proportions of Eudragit S100, comparedto L100,will lead to slower drugrelease in vivo,

especially when intra-luminal pH levels are below 7.0. It was also suggested that

changesto the coating formulation ratio may have a greater impact on dissolution rates

than altering the coating thickness.

Based on the results from the present in-vitro study and the findings of other

investigators, the (Eudragit L100:S100) 1:0 and 3:1 coating formulations were selected to

be tested in-vivo, since their disintegration profiles were thought to be appropriate for

promoting complete dissolution in the distal bowel of healthy adults. The rationale for

this decision involved an examinationofthe relative caplet disintegration times of each

formulation at specific pH levels, as well as the consideration of natural variability in

gastrointestinal motility and acidity amongindividuals. These issues will be discussed

furtherin the following sections.

3.4.2 In-vivo caplet performance

3.4.2.1 Dissolution characteristics

The total mean time from caplet administration to complete dissolution (total

transit time) was approximately 80+64 minutes longer among (Eudragit L100:S100)3:1

coated caplets, compared to those with 1:0 formulations (Eudragit L100 only) (p<0.01).

Since both test caplet formulations appearedto dissolve in vivo at similar rates (p=0.74),

the extendedtotal transit times among 3:1 coated caplets may have been explained by

their tendency to begin dissolvingata later time after administration (248+124min versus
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145+74min for 3:1 and 1:1 formulations, respectively). These results indicate that the

solubility threshold of the 3:1 coating formulation (pH 7.0-7.5) may have approximated

the intra-luminal pH of moredistal intestinal regions compared to the 1:0 formulation

(pH 6.0-6.8). Several authors have investigated the pH profile of a healthy

gastrointestinaltract using radiotelemetric devices (4,98,101-106). Collectively, the

results from these studies have demonstrated a range ofpH levels in the small bowel

from an average of 6.25 in proximalareas, up to 7.5 in the mostdistal region. A

consistent fall in pH,to valuesas lowas 5.5, from the terminal ileum to the cecum has

also been reported in most publications. This abrupt changein intra-luminal pH can be

attributed to the presence of SCFAs, a by product of carbohydrate fermentation by

colonic bacteria (9). Lastly, the pH level of the descending colon and rectum has been

recorded as a range of 6.1-7.5 (39).

As mentionedpreviously, the dissolution profiles of different pH-dependent

coatings have been applied to a variety of delayed release pharmaceutical preparations

that are available commercially as treatment regimens for inflammatory bowel disease.

Onesuch producttype is 5-aminosalicylic acid-containing tablets that are coated with

either Eudragit L100 (Salofalk® and Claversal®) or Eudragit S100 (Asacol®) only (146).

Since Eudragit L100 has a solubility threshold ofpH 6.0, Salofalk® and Claversal® are

generally usedto treat inflammation in the distal small bowel, and have been reported to

dissolve completely in this area at least 70% of the time (243). The higher pH threshold

of Eudragit S100 (pH 7.0), on the other hand, has been applied to aminosalicylic acid

formulations such as Asacol®, which are usedto treat inflammatory disease in proximal

regionsofthe colon (144). While Asacol® has demonstrated up to 80% doserelease in
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the large bowel ofpatients with mild to moderately active ulcerative colitis (244), these

coated tablets have also been reported to remain intact and appear, un-dissolved,in a

patient’s stools (245). Thusit is clear, from the above observations, that promoting

complete and consistent intra-colonic drug release with a pH-dependent mechanism may

not be accomplished through the use of single Eudragit coating products.

In the present study, an improvementin colon targeting was observed whentest

caplets were coated with a mixture of Eudragit L100 and $100in a 3:1 ratio.

Specifically, 9 out of 10 caplets with this coating combination dissolved distal to the

ileum, compared to 5 out of 10 caplets that were coated with Eudragit L100 only. A

similar enhancementin site-specificity was found by Watts et al., who reported a >90%

successrate in colon targeting when Eudragit S100 was addedto a coating formulation of

injection-moldedstarch capsules that were previously coated with Eudragit L100 only

(146,147). These authors suggested that the use of a mixed coating formulation may

have led to morereliable intra-colonic release by, not only adjusting the solubility pH

threshold, but also through the addition of a time-dependent dissolution mechanism. In

other words, if the pH level in the distal ileum of a particular subject was high enough to

initiate disintegration, an additionallag time may have beensufficient to delay core

release until the capsule had passed the ileo-cecal junction.

It should be noted that the longer mean total caplet transit time that was associated

with the 3:1 coating formulation in Trial 2 of the present study waslikely underestimated.

Complete dissolution was not observed by the endofthe study day in five subjects. A

follow-up 24-hourfecal collection was successfully obtained from three of these

participants, and analyzed with a fluoroscope. Thestools of these three subjects
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generally appeared opaque,indicating dispersion of barium sulphate, with no remnants of

an intact caplet core remaining.

3.4.2.2 Gastrointestinal transit times

The mean gastric emptying times of both caplet formulations in the present study

(approximately 180+60 minutes in both cases) were roughly equivalent or up to 2 hours

faster compared to the range of emptying timesin other investigations of single unit

delivery systems with different levels of food intake (156-298min) (48,56,79,246). Since

the emptying rates of single-unit systems tend to decrease as diameter and density

increase (78,79,86,117), the comparative findings from the present study are somewhat

surprising, since the caplets used here were generally larger and heavier than those

commonly tested by others. An alternative explanation mayrelate to the knowneffect of

reduced gastric motility with the consumption of meals with higher energy values (72-

74,83). Since the breakfast meal size in the present study (960kJ) was comparatively

smaller than those used in other similar investigations (1200-2500k)), it is possible that

this discrepancy played a role in promoting the observed differences in stomach emptying

times. Despite these theories, however, the relative contribution of other uncontrolled

factors knownto affect gastric transit [such as stress (247), body posture (248), or

random emptying (73)] should not be discounted.

The mean smallintestinal transit times ofboth caplet formulations (183+73min

and 241+103min for the 1:0 and 3:1 formulations, respectively) were generally in

agreement with the accepted value of 180+60min (83). Small bowel motility is reported

to be very consistent between individuals, and is apparently unaffected by the type of
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delivery system administered or dietary condition (83,84). The consistency of small

intestinal motility among most individuals suggests that any differences in the total time

for each caplet to arrive in the colon were likely driven, for the most part, by the

variability in gastric emptying times. Colonarrival times mayalso be affected by diet,

since food consumption has been shownto stimulate colonic activity (the ‘gastrocolonic

response’) (249), and increase the rate ofileal flow into the cecum (250,251). In the

present study, the contributionofthis effect to overall caplet transit times could not be

directly measured, since the amountandtiming of food consumption wasnotstrictly

controlled.

The variability in caplet transit outcomes of each subject wasassessed in relation

to the variability between all subjects for both trials using intraclass correlation

coefficients. The low apparent agreementin gastric emptying, small intestinal transit,

and colon arrival times within subjects was surprising since it contrasts the findings of

other authors (79,85,252,253). These discrepant findings may havearisen due to

differences in study design with regardsto replication, dietary intakes, and imaging

methods. While participants in the present study ingested twotest caplets on separate

occasions, the volunteers in a study by Coup et al. were administered four non-

disintegrating tablets simultaneously, thus allowing for a comparatively higher numberof

replicates and greatertest re-test reliability (85). Contrary to the presentstudy, these

authors also maintainedstrict control of dietary intakes both before and during the study

period. This likely reduced inter- and intra-subject variability in the potential effect of

food consumption on gastrointestinal motility. Furthermore, the in vivo transit

characteristics of the aforementioned non-disintegrating tablets were examined using
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gamma-scintigraphy with an imaging frequency of 15-20 minutes. Shorter intervals

between scintigraphic images could have lead to more precise transit time calculations

than those that were determined currently using hourly fluoroscopic sessions.

Collectively, these methodological differences may have produced unforeseen sources of

variability in the outcomesofthe present investigation, and thus contributed to discrepant

findings between studies.

3.4.2.3 Associations between caplet performance and subject characteristics

The smallintestinal transit time of caplets with (Eudragit L100:S100) 1:0 coatings

wasstrongly associated with total intakes of carbohydrates (r=0.71, p=0.03), and calories

(r=0.77, p=0.01) throughout the study day (Table 6, Appendix 3). A near-significant

relationship between small boweltransit times and total protein intakes was also evident

for all test caplets, irrespective of coating type (r=0.68 and 0.62 for 1:0 and 3:1

formulations, respectively). Similarly, total protein intakes were positively correlated

with the total transit times (from administration to complete caplet dissolution) of caplets

with 1:0 coating formulations, although this association was not apparent for 3:1 coated

caplets.

The significant correlation between small intestinal transit times of 1:0 coated

caplets and total intakes of carbohydrates, protein, and energy is somewhatsurprising

since it is well established that small bowel motility is generally not influenced by meal

size or composition (72,74,86). Because small intestinal transit time in the present study

was defined bythearrival of the caplet in the colon, and not the terminal ileum,it is

possible that food-dependentvariationsin the rate of caplet movementacrossthe ileo-



66

cecal junction were responsible for this relationship. In a study by Khoslaetal. (1989),

the gastrointestinal transit ofnon-disintegrating tablets was monitored in healthy

volunteers after they had ingested eithera light or heavy breakfast meal (74). Under

conditions of greater food consumption, the tablets appeared to spread in the small

intestine, then re-group at the ileo-cecal junction before entering the colon. In a similar

study by Wilsonet al., a variable delay in the transit of single unit tablets was observed as

they passed from the terminal ileum to the cecum (72).

A “stagnation” effect at the ileo-cecal junction has also been attributed to the

consumption ofdietary fiber. Spiller et al. (1987) investigated the postprandial ileo-

colonic transit of low- and high-residue meals and foundthat cecal filling rates decreased

when4g ofdietary fiber (in the form of guar) was addedto the initial test meal (250).

Since the amount and type of food consumedin the present study wasnotstrictly

controlled, it is conceivable that the colonarrival times of ingested test caplets were

affected by differences in macronutrient intakes among subjects. This concept may be

supported by high inter-individual variability in total caloric intakes, which was implied

by a large and positive intraclass correlation coefficient (0.75) for this outcome measure.

3.4.3 Strengths and Limitations

Strengths

The presentstudy is the first exploratory experimentto test the colon-targeting

potential of a barium sulphate caplet coated with a pH-dependent formulation mixture of

25% Eudragit L100 and 75% Eudragit $100 in healthy adults. This delivery system will

be used in future novel investigations of vitamin absorption to quantitatively deliver
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folate to the colon. The sameten subjects participated in both Trial 1 and Trial 2, which

allowed a morereliable comparative analysis to be made between caplet formulations.

The ethnic diversity of the subjects that were recruited may have prevented biases in

gastrointestinal characteristics due to food preferences (254). In order to maintain a high

level of accuracy and low inter-tester variability, anthropometric measurements were

always obtained by one oftwo nursepractitioners in the clinical investigation unit at The

Hospital for Sick Children. All fluoroscopic images were also analyzed by the same

radiologist in the Image Guided Therapy departmentof the hospital.

Limitations

Dueto the exploratory nature ofthis study, the sample size was small, which may

have reduced ourability to detect statistically significant differences in caplet

performanceacrosstrials, as well as altered the strength or direction of somecorrelation

statistics. In the case of dissolutioninitiation times, for example, a post-hoc analysis

revealed that a sample size of 21 subjects may have been required in eachtrial to observe

significant differences (p<0.05) between the caplet formulations. The fluoroscopic

analysis of in-vivo caplet performance may have been subject to errors of precision and

accuracy, since only bony landmarks and intra-luminal air accumulationscan be used to

determine a caplet’s location in the gastrointestinal tract. While the fluoroscopic imaging

schedule was adjusted to ensure minimalradiation exposure, the interval length between

images (60 minutes) may have been limiting in terms of determining the actual post-dose

time of certain caplet transit events (such as gastric emptying or colon arrival time).

Furthermore, the direct comparison of imaging results from this study to those reported
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by other groupsis difficult, since scintigraphic methods have been employed in most of

these cases. The use of gamma-scintigraphy may not be appropriate for investigating

nutrient absorption across thelarge intestine since the short half life of some radio-

isotope labels are not sufficient to allow the total transit of colon-targeted delivery

systems to be observed. Furthermore, the production of radiopharmaceuticals is not

highly feasible since they must be manufactured with small batch sizes in a facility that

has the capacity to handle radioactive material. Lastly, the complete dissolution of two

caplets in Trial 2 was not observed dueto significantly extendedtotal transit times. This,

in turn, resulted in less complete caplet performance data, and the underestimation of

sometransit and dissolution times.

3.4.4 Conclusions

The current study has provided evidence to show that orally administered barium

sulphate caplets (2600mg) that have been coated (at a 12.6% w/w level) with a mixed

pH-dependent formulation of the copolymers Eudragit L100 and $100 in a 3:1 ratio will

have a 90% colon-specific targeting success rate in healthy humanadults. In other

words, 9 out of 10 ingested caplets will not begin to dissolve until they have by-passed

the stomach and small intestine.

3.4.5 Future directions and clinical implications

The aim of the present study was to design a pH-dependent dose release system

that would be suitable for the delivery of vitamins specifically to the human large

intestine. A barium sulphate caplet with a 3:1 copolymer combination coating, such as
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the one tested here, may be an appropriate vehicle to achieve this aim. Morespecifically,

this delivery system formulation could be employed to determineif the B-vitamin,folate,

is absorbed across the human colon and incorporated into the systemic circulation.

The protocol used in the present investigation may be applied to a future

absorption study, although certain adjustments will be required. Firstly, in order to

measure folate uptake, blood sampling procedures must be included and scheduled in

conjunction with caplet dissolution times. According to the observed in-vivo

disintegration profiles of placebo caplets, it is likely that the arrival and dissolution of a

delivery system in the colon will not occur, on average, until 10 hours post-dose. This

implies that earlier caplet administration, and/or an extended imaging schedule, should be

incorporated to allow for sufficient time to collect blood samples. Secondly, the colon-

targeting precision of the delivery system must be considered, since folate release in the

small intestine (a knownsite of B-vitamin uptake) will lead to inaccurate absorption

measures. In the present study, one out of ten (Eudragit L100:S100) 3:1 coated caplets

did not successfully reach the ileo-cecal junction before dissolution had begun. One way

to accountfor this variability in site-specificity may be to over-recruit by 10% (the

approximate failure rate of placebo caplets) to ensure that complete data is obtained from

an appropriate numberof subjects. Furthermore, fluoroscopic images can be more

specifically utilized to determine when delivery systems have entered the colon, and

where (anatomically) dissolution occurs, thus requiring fewer images and lowerradiation

exposure.

The total energy and macronutrient intakes of subjects in the present study did not

appearto have significant effects on the in-vivo dissolution performanceofthe (Eudragit
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L100:S100) 3:1 coated caplets. This finding indicates that, once a delivery system has

emptied from the stomach, the amount and type of food consumed throughoutthe

remainder of the study day may not needto bestrictly controlled. Conversely, the

ingestion of a breakfast meal has been associated with longer gastric emptying times of

large single-unit delivery systems (such as the one tested here) when comparedto fasted

administration. Therefore, omitting the breakfast meal in future work may be considered

if this change will translate into a more feasible study day schedule.
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APPENDIX 1

 

Kids
CONSENT TO PARTICIPATE IN A RESEARCH STUDY

TITLE OF RESEARCH PROJECT

Folate Absorption Across the Large Intestine: Study #2a Part II - Dissolution Characteristics

of a pH-dependent Colon-targeted Delivery System

Investigators
Contact Number

Deborah L. O’Connor, PhD RD (416) 813-7844

Principle and Correspondinginvestigator

The Hospital for Sick Children

Paul B. Pencharz, MB ChB PhD FRCPC (416) 813-7733

The Hospital for Sick Children

Bairbre L. Connolly, MB FRCPC (416) 813-6034

Interventional Radiologist

The Hospital for Sick Children

Susanne Aufreiter (416) 813-5777

PhD student supervised by Dr O’Connor pager: (416) 442-0350

Ashley Aimone oo,

MScstudent supervised by Dr O’Connor pager: .

 

You have beeninvited to participate in a research study. Before agreeing to participate,it is

important that you read and understand this research consent form. This form providesall the

information wethink you will need to know in order to decide whether you wish to

participate in the study. If you have any questionsafter you read through this form, ask your

questions to a doctoror study personnel. You should notsign this form until you are sure you

understand everything on this form. You mayalso wish to discuss yourparticipation in this

study with your family doctor with respect to your health history and any medications you

maybetaking, in order to prevent any unnecessary harmsto you should you decideto

participate in this study.
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PURPOSE OF THE RESEARCH

The purpose ofour studyis to test the performance of a drug-less pill in the humandigestive

tract. This pill is in the form of a caplet that has a special coating, which is designed to

dissolve in the large intestine. Wewill give you one dose to swallow and find out how long

it takes for the pill to reach your colon and dissolve by watching it with a fluoroscope

(similar to an X-ray machine). A series of X-ray-like pictures will be taken of your

midsection until the pill has reached the end of your colon. Ifthistestpill performs well, its

design may be used in another study to deliver vitamins to the human large bowel. The

purposeofthis second experiment would beto find out whether folate (a B-vitamin,

sometimescalled folic acid), made by bacteria in your large intestine, can be taken up and

used by your body.

DESCRIPTION OF THE RESEARCH

Study Enrollment

Youare being invited to participate in this study because you are a healthy adult with normal

digestive tract motility.

Study Procedure

The study takes place at The Hospital for Sick Children (SickKids). If you agree to be in our

study, we will need your participation for one test period that will take approximately 1 day

to complete.

Pre-Study Day: Prior to your scheduledclinic visit, you will be asked to come in to the

Clinical Investigation Unit (CIU)at the Hospital for Sick Children for a brief screening

interview. You will also be given onetest caplet, a standardized breakfast meal, and the

necessary instruction for homecaplet administration and study day preparations. Female

subjects will be asked to perform a pregnancytest within 24 hours of the scheduled clinic

visit, the results of which will be confidential.

Study Day: You will be scheduledto arrive at the Hospital for Sick Children CIU at 8 a.m.

The entire study day will take up to 10 hours to complete and we will provide you with

meals.

Wewill monitor the movementand dissolution of the caplet using a fluoroscopein the IGT

(Image Guided Therapy) unit at SickKids Hospital. This procedureis like having X-rays

(with approximately 10 timesless radiation exposure) and will involve taking 2-3 second

long videos of your midsection. This series of snap shots will begin approximately 2 hours

post-dose and continue at approximately 60 minute intervals until the caplet has completely

dispersed or up to 12 hours post-dose. At most, this will add upto a total of 14 imagesor 28-

42 seconds of fluoroscopy, which is equivalentto less than half of your yearly exposure to

natural backgroundradiation from the sun and the Earth. In the event that the caplet has not

completely dissolved in your colon bythe time the last image is taken, we may ask you to

collect your stools over the next 24 hours, which will be further analyzed with the

fluoroscope. A feces collection kit will be provided byus, as well as instructions for sample
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delivery. Study-specific meals and snacks will be provided throughout the day, starting from

the time that the caplet has left your stomach.

New information from this study or other studies may affect whether you wantto continue to

take part in the study.If this happens, we willtell you about this new information.

POTENTIAL HARMS

Although the dose ofradiation that is given with fluoroscopy is approximately 10 timesless

than a regular X-ray, there are certain risks associated with exposure to radiation. Routine

precautionary measures will be taken to ensure that your radiation exposure is as minimal as

possible. There are no other known harmsassociated with participation in this study.

POTENTIAL DISCOMFORTS OR INCONVENIENCE

You may be inconvenienced by havingto travel to The Hospital for Sick Children. Study

obligations also require youto take time away from your regular schedule.

POTENTIAL BENEFITS

To Individual Subjects

Thereare no direct benefits to volunteers from participation in this study.

To Society

Yourparticipation is appreciated as the results will be used to better understand how the

human digestive tract works, and whethera specializedpill can be used to deliver vitamins to

the large bowel. Theresults of this study may be applied to another experimentthat will

allow us to find out whether the B-vitamin, folate, can be absorbed across the humanlarge

intestine.

CONFIDENTIALITY AND PRIVACY

Wewill respect your privacy. No information about who you are will be given to anyone or

be published without your permission, unless the law makesus do this. For example, the law

could make usgive information about you in the following circumstances:

If a child has been abused

e If you haveanillness that could spread to others

e If you or someoneelsetalks about suicide (killing themselves), or

e Ifthe court orders us to give them the study papers

SickKids Clinical Research Office Monitor, employees of the company funding the study

(NSERC), or the regulator of the study may see your health records to check on the study.

For example, people from Health Canada Products and Food Branch,ifnecessary, may look

at your records.
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Bysigning this consent form youagreeto let these people look at your records. We will put a

copyofthis research consent form in yourpatient health records.

The data produced from this study will be stored in a secure, locked location. Only membersofthe

research team (and maybethose individuals described above) will have accessto the data. This could

include external research team members. Following completion of the research study, the data will

be kept as long as required and then destroyed as required by Sick Kids policy. Published study

results will not reveal your identity.”

The results of the tests described will be used for research purposes only in the context ofthis

study. We would need your permission and signed consentto sendthetest results to another

professional involved in your care.

REIMBURSEMENT

Wewill pay for all your expensesfor beingin this study eg., meals, babysitters, parking and

getting you to and from SickKids. If you stop taking part in the study, we will pay you for

your expensesfor taking part in the study so far. Participants will receive $100 on

completion ofthe test period. This will cover travel expenses and a very modest

reimbursementfor lost wages.

PUBLICATION OF RESULTS

After completion of the study, the investigators plan to present study results at conferences,

seminars and other public forums. Eventually the investigators plan to publish study findings

in a research journal. You will remain completely anonymous.

ALTERNATIVES TO PARTICIPATION

Participation in the study is voluntary. If you choose not to participate, your family will

continue to have access to quality care at Sick Kids. You do not haveto participate in this

study. If you chooseto participate in this study you can withdraw from the study at any time.

PARTICIPATION

It is your choiceto take part in this study. You can stop at any time. The care you get at

SickKids will not be affected in any way by whetheryoutakepart in this study.

New information that we get while we are doing this study may affect your decision to take

part in this study. If this happens, wewill tell you about this new information. And we will

ask you again if youstill wantto be in this study.

During this study we may create new tests, new medicines, or other things that may be worth

some money. Although we may make moneyfrom these findings, we cannot give you any of

this money noworin the future because you tookpart in this study.
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Wewill give you a copyofthis consent form for your records.

In somesituations, the study doctor or the company paying for the study may decide to stop

the study. This could happen even if the treatment given in the study is helping you.Ifthis

happens,the study doctor will talk to you about what will happen next.

If you becomeill or are harmed because you tookpart in this study, we will treat you for

free. Your signing this consent form doesnot interfere with your legal rights in any way. The

staff of the study, any people who gave moneyforthe study, or the hospitalarestill

responsible, legally and professionally, for what they do.

SPONSORSHIP

The sponsor ofthis research is the National Science and Engineering research Council

(NSERC). In certain situations, the study may be cancelled at the discretion of the

investigator or the study sponsor even if you are benefiting personally.If this occurs, the

investigators will discuss next steps with you.

CONFLICT OF INTEREST

L, and the other research team members, have no conflict of interest to declare.
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CONSENT:

Bysigning this form,I agree that:

1) The study has been explained to me. You have answered all my questions.
2) You have explained the possible harmsand benefits (if any) of this study.
3) I know about what I could do instead of taking part in this study. I understand that I

havethe right not to take part in the study and the right to stop at any time. My
decision about taking part in the study will not affect my health care at SickKids.

4) Iam free now,andin the future, to ask questions about the study.

5) [have been told that my medical records will be kept private. You will give no
information about me, unless the law requires youto.

6) IT understand that no information about whoI am will be given to anyoneor be
published withoutfirst asking my permission

7) Ihave read, and understood pages 1 to 6 of this consent form.I agree, or consent, to
take part in this study.

 
 

Printed Name ofSubject and Age Signature & Date

 
 

Printed Name ofperson who explained consent Signature & Date

  

Printed Witness’ name ifthe subject does not read English) Witness’ Signature & Date

  
Printed name and dated signatureofqualified staffmember who has witnessed the consent procedure

Ifyou have questions about this study, please call Ashley Aimone at
(telephone), or( (pager).

Ifyou have any questions aboutyour rights as a subject in a study or injuries during a study,

please call the Research Ethics Board Managerat (416) 813-5718.
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