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Objective: Delayed-release mesalamine 400 mg capsules containing four 100 mg tablets

have been developed for children with ulcerative colitis who have difficulty swallowing.

Bioavailability of the mesalamine capsules was compared with existing mesalamine tablets

in healthy adults, and the effect of food on bioavailability from mesalamine capsules was

determined. Tablet swallowability in healthy children was evaluated.

Methods: In the open-label, replicate-treatment, single-dose, crossover, comparative bioa-

vailability study, healthy adult volunteers were randomized to one of four treatment

sequences to receive mesalamine 400 mg tablets (fasted) twice, mesalamine 400 mg capsules

(fasted) twice, and a mesalamine 400 mg capsule (with food) once, with ≥7 days between

treatments. Pharmacokinetic (PK) parameters were calculated and analyzed using the refer-

ence-scaled average bioequivalence procedure. In the open-label, single-dose swallowability

study, healthy children aged 5–11 years were asked to swallow eight placebo tablets identical

to those contained in two mesalamine capsules.

Results: In the bioavailability study (n=160), mesalamine capsules and tablets in fasted

volunteers exhibited similarly delayed absorption and were shown to be bioequivalent;

statistical parameters calculated from PK values met the criteria for bioequivalence. A slight

increase in mesalamine bioavailability was observed with food administration, but the

delayed-release performance of the capsules was not affected. Overall safety profiles

between capsules and tablets were similar. In the swallowability study (n=60), the majority

of children swallowed eight placebo tablets, with slight variability between age groups.

Conclusion: Evaluation of PK parameters confirmed mesalamine capsules are bioequivalent

to mesalamine tablets. Mesalamine capsules were well tolerated, can be administered with or

without food, and are an age-appropriate product for children.
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Introduction
Ulcerative colitis (UC) is a form of inflammatory bowel disease characterized by

chronic relapsing inflammation in the colon and rectum.1 Management of UC involves

inducing remission during a flare-up or at diagnosis, followed by maintenance of long-

term remission. Oral delayed-release mesalamine, also known as 5-aminosalicylic acid,

has been shown to be safe and effective in inducing remission in adults and children

and for maintaining remission in adults with UC.1–4 Oral delayed-release mesalamine

is a pH-dependent drug; the formulation allows delayed release in the terminal ileum to

the colon, resulting in local topical activity on the mucosa and low systemic

concentrations.5,6 Delayed-release mesalamine is considered the standard first-line

Correspondence: Abhijeet Jakate
Allergan plc, 5 Giralda Farms, Madison,
NJ, 07940, USA
Tel +1 862 261 7284
Email abhijeet.jakate@allergan.com

Clinical Pharmacology: Advances and Applications Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Pharmacology: Advances and Applications 2019:11 93–101 93
DovePress © 2019 Jakate et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/CPAA.S193191

C
lin

ic
al

 P
ha

rm
ac

ol
og

y:
 A

dv
an

ce
s 

an
d 

A
pp

lic
at

io
ns

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


treatment for mildly to moderately active UC in both adults

and children.1,7 A delayed-release mesalamine tablet formu-

lation (Asacol, two 400 mg tablets, up to three times daily;

Allergan Pharmaceuticals International Limited, Dublin,

Ireland) has been approved for the treatment of UC for

almost 20 years.

A capsule formulation of delayed-release mesalamine 400

mg (Delzicol, Allergan Pharmaceuticals International Limited,

Dublin, Ireland) was approved for the treatment of mildly to

moderately active UC in adults after it was demonstrated to be

bioequivalent to the tablet formulation of the same dose.9

However, although delayed-release mesalamine 400 mg

tablets are approved for patients aged ≥5 years, the capsule

formulation was initially approved only for patients aged ≥12
years, due to concerns over swallowability in younger chil-

dren. The delayed-release mesalamine tablet formulation is

14.7 mm in length, while the new capsule formulation is

approximately 23.5 mm in length, with a similar diameter to

the original tablet formulation (both measured by Warner

Chilcott, now Allergan plc). Therefore, a novel capsule form

containing four delayed-release mesalamine 100 mg tablets

(each approximately 5.8 mm in diameter and 5.2 mm in

length) was developed by Warner Chilcott for patients who

may have difficulty swallowing the current formulation, espe-

cially younger children (Figure 1). Patients can open the

capsule and swallow the individual 100 mg tablets if they

are unable to swallow the capsule intact.

The purpose of these studies was twofold: 1) to evaluate

the bioavailability of the novel delayed-release mesalamine

400 mg (4×100 mg) capsule formulation compared with

delayed-release mesalamine 400 mg tablets in healthy adults,

and 2) to characterize the swallowability of the tablets within

the new capsule formulation in healthy children.

Methods
Bioavailability and food-effect study in

healthy adult volunteers
Study design

This single-center, open-label, replicate-treatment, single-

dose, randomized crossover study compared the bioavailability

of delayed-release mesalamine 400 mg tablets and delayed-

release mesalamine 400 mg capsules containing 4×100 mg

tablets (Figure 1) in fasted volunteers and evaluated the effect

of food on the bioavailability of the 400mg capsule. The study

consisted of five treatment periods, with all volunteers receiv-

ing a single delayed-release mesalamine tablet while fasted on

two separate occasions, a single delayed-release mesalamine

capsule while fasted on two separate occasions, and a single

delayed-release mesalamine capsule with food. Volunteers

were randomized to receive the treatments in one of four

treatment sequences. For each treatment, volunteers fasted

for ≥10 hours prior to dose administration. Volunteers receiv-

ing delayed-releasemesalamine capsuleswith foodwere given

Figure 1 Capsule formulation containing four mesalamine 100 mg tablets (total closed length 23.5 mm, external cap diameter 7.65 mm).

Note: Patients unable to swallow the 400 mg capsule can open the capsule and swallow the individual 100 mg tablets (length 5.2 mm, diameter 5.8 mm).
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a high-fat, high-calorie (800–1,000 calories) breakfast 30 min-

utes prior to dosing. All treatments were administered orally

with water, with ≥7 days between treatment periods. Blood

samples for determination of plasma mesalamine concentra-

tion were collected predose and up to 72 hours postdose.

Plasma mesalamine concentrations were determined using a

validated HPLC with tandem mass spectrometry method. The

method was validated at Icon Development Solutions, LLC

(Whitesboro, NY, USA) prior to sample analysis. A liquid

chromatography system (Shimadzu, Kyoto, Japan) including

an LC-20AD HPLC pump (Shimadzu), CBM-20A system

controller (Shimadzu), and an ACE 3AQ 2.1×50 mm analy-

tical column with an API 5000 mass spectrometer Turbo

Ionspray (negative ion; AB Sciex, Framingham, MA, USA)

in ionization mode was used. Safety was evaluated through

recording of adverse events (AEs).

The Bio-Kinetic Clinical Applications institutional review

board reviewed and approved the protocol and informed con-

sent form prior to first dose administration (study conducted

from January 31, 2014 to April 19, 2014). This study was

conducted in accordance with the International Conference on

Harmonization Harmonized Tripartite Guideline for Good

Clinical Practice, 1997 and the US Title 21 Code of Federal

Regulations parts 50, 56, and 312. Ethical principles for this

study had their origin in the Declaration of Helsinki. All study

participants or parents of study participants provided written

informed consent.

Participant population

Male and female volunteers aged 18–60 years considered

healthy based on physical examination and medical history

were included in the study. Other inclusion criteria included

nonsmoking, negative for drug abuse/infectious hepatitis/HIV,

and a body-mass index of 18.5–32 kg/m2. Exclusion criteria

included pregnancy, use of any prescription medications or

over-the-counter products within 14 days prior to dose admin-

istration (unless deemed acceptable by the investigator), use of

substances known to be strong inhibitors or inducers of cyto-

chrome P450 enzymes within 28 days of first study dose

administration, hypersensitivity or intolerance to mesalamine

or any drug compound, history of alcoholism, and presence or

history of any significant disease that the investigator deemed

could interfere with the course of the study.

Statistical analysis

Pharmacokinetic (PK) parameters included maximum drug

plasma concentration (Cmax), time toCmax (tmax), area under

the curve (AUC) from 8 hours to 48 hours (AUC8–48), and

AUC from time 0 to the last determinable concentration

(AUC0–LDC). Concentration data below the limit of quanti-

fication (LOQ) were reported as zero for the purpose of

calculating descriptive statistics. Subjects with mesalamine

concentration values below the LOQ for an entire sampling

period were assigned Cmax values of 1 ng/mL (half LOQ)

and AUC values of 1 ng h/mL. Point estimates of the test:

reference geometric mean ratio for Cmax, AUC8–48, and

AUC0–LDC were calculated.

Due to the known high within-subject variability of

delayed-release mesalamine tablets, the reference-scaled

average bioequivalence (RSABE) procedure was used to

examine bioequivalence. The RSABE procedure has been

described in detail previously.10,11 Briefly, RSABE criteria

require that the following parameters be satisfied during

analysis in order for two treatments to be considered

bioequivalent: 1) within-subject SD for Cmax, AUC8–48,

and AUC0–LDC greater than threshold value of 0.294, 2)

95% upper confidence bound on the linearized criterion

≤0, and 3) point estimate of the test:reference geometric

mean ratio of 80%–125%.

Swallowability study in healthy children
Study design

The swallowability of the delayed-release mesalamine 400

mg capsules (containing 4×100 mg tablets) in healthy

children was evaluated in a single-center, open-label, sin-

gle-dose study using placebo capsules. Two placebo cap-

sules containing four placebo tablets each to mimic the

4×100 mg capsule formulation were provided to the par-

ent/guardian of each child (volunteer). Placebo tablets

were identical in appearance to the 100 mg tablets con-

tained in the delayed-release mesalamine 400 mg capsules.

The caregiver was provided the following instructions for

administration:

. . . the capsules may be carefully opened and the contents

(tablets) swallowed. Ensure all capsule contents are swal-

lowed and no tablets are retained in the mouth. The com-

plete dose (8 tablets) should be swallowed. Swallow the

tablets whole; do not cut, break, crush, or chew the tablets.

All tablets were administered orally with water. Children

did not receive any additional coaching or practice besides

the verbal instructions from the caregiver. The number of

tablets each child swallowed within 5, 10, and 15 minutes

was summarized descriptively. A parent or guardian pro-

vided informed consent for all children.
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An IntegReview institutional review board reviewed

and approved the protocol, informed consent form, and

statement of assent prior to first dose administration (study

conducted from June 10, 2014 to June 19, 2014). This

study was conducted in accordance with the International

Conference on Harmonization Harmonized Tripartite

Guideline for Good Clinical Practice, 1997 and the US

Title 21 Code of Federal Regulations parts 50, 56, and

312; ethical principles for this study had their origin in the

Declaration of Helsinki.

Participant population

Study participants included healthy male and female chil-

dren aged 5–11 years considered healthy based on pre-

study physical examination and medical history. Children

were grouped by age into three categories: 5–6 years, 7–9

years, and 10–11 years. Exclusion criteria included hyper-

sensitivity, idiosyncratic reaction, or intolerance to any

component of the formulations, a swallowing dysfunction

(eg, cleft lip/palate), or any acute or chronic condition that

the investigator deemed would limit the volunteer’s ability

to participate in the study.

Results
Bioavailability and food effect study in

healthy adult volunteers
A total of 160 healthy volunteers were enrolled, with 146

completing the study. Overall, 58.1% were male, 80%

were white, and the median (range) age was 32 (18–60)

years. In fasted volunteers, a single dose of a delayed-

release mesalamine 400 mg (4×100 mg) capsule or 400

mg tablet displayed a characteristic delayed mesalamine

absorption profile. This was evidenced by similarly long

tmax (14.4 and 17.1 hours) and time between drug admin-

istration and first observed plasma concentration (tlag; 6.5

and 8.0 hours) values following capsule and tablet admin-

istration, respectively (Figure 2A). The rate and extent of

mesalamine absorption following both capsule and tablet

administration met the RSABE criteria for bioequivalence

(Table 1). Point estimates of the capsule:tablet geometric

mean ratio for Cmax (115.96%), AUC8–48 (96.07%), and

AUC0–LDC (105.52%) were within 80%–125%. Within-

subject SD values were greater than the threshold value

of 0.294, and the 95% upper confidence bounds of the

linearized criterion were <0.

Administration of a delayed-release mesalamine cap-

sule with food did not substantially affect the delayed-

release performance, although slight increases were

observed for tlag and tmax (Figure 2B). The 95% upper

confidence bounds of the linearized criterion were <0 for

Cmax (−0.825), AUC8–48 (−0.152), and AUC0–LDC

(−0.354); however, point estimates for the fed:fasted geo-

metric mean ratio for the three PK parameters were

>125%, indicating slightly increased mesalamine bioavail-

ability when mesalamine capsules were administered with

a high-fat meal (Table 1).

Overall, both delayed-release mesalamine tablets and

capsules were well tolerated, and the majority of AEs were

mild in nature. The nature and frequency of AEs were

similar for delayed-release mesalamine capsules and

tablets. In total, 47.5% of the volunteers who received

either mesalamine capsules or tablets reported one or

more treatment-emergent AEs (Table 2). Headache and

nausea were the most commonly reported AEs in volun-

teers receiving delayed-release mesalamine capsules or

tablets. The frequency of treatment-emergent AEs was

lower in volunteers who received mesalamine capsules

with food than in fasted volunteers (16.2% versus

35.3%). One serious AE occurred during the study; a

volunteer presented with severe epigastric pain 1 week

after completing the study and was subsequently diag-

nosed with acute pancreatitis secondary to alcohol use

and alcoholic hepatitis. This patient had met the criteria

for inclusion in this study with no infectious hepatitis at

screening, but further history of alcohol use in excess was

reported upon occurrence of the serious AE. This partici-

pant recovered with no sequelae. In all study participants,

no abnormal laboratory values were reported for hematol-

ogy, chemistry, or urinalysis tests by the investigators, and

no deaths occurred during this study.

Swallowability study in healthy children
A total of 60 healthy children were included, with 20

children per age category: 5–6 years, 7–9 years, and 10–

11 years. All 60 volunteers completed the study; 50% of

volunteers were male, 78.3% were white, and median

(range) age was 8 (5–11) years. Overall, 70% of children

swallowed all eight tablets (Figure 3); 85% of children

from aged 7–9 years and 10–11 years swallowed all eight

tablets, compared with 40% of children aged 5–6 years.

Of note, 45% of the 5- to 6-year-old cohort were not able

to swallow any tablets, compared with just 10% of chil-

dren aged 7–9 years or 10–11 years. The majority of

children swallowed the tablets in <5 minutes (mean [±

SD] 5.6±3.6 tablets swallowed), with only three children

swallowing one additional tablet between 5 and 10
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minutes after administration. No AEs, serious AEs, or

deaths occurred during this study.

Discussion
UC can affect both children and adults, with children

accounting for 15%–25% of patients.1,12–14 Pediatric-

onset UC is often associated with a worse disease course,

due to increased rates of colectomy and acute exacerba-

tions during childhood.1 Oral delayed-release mesalamine

has been shown to be safe and effective in inducing

remission of UC,1,4,14 and a novel capsule formulation of

delayed-release mesalamine has been developed for

patients such as young children who may have difficulty

swallowing the currently available formulation.

The delayed-release mesalamine 400 mg capsule contains

four 100 mg tablets, thereby allowing patients to swallow the

capsule whole or to open the capsule and swallow the indivi-

dual tablets. This formulation, the first and only approved

formulation for the pediatric population, was found to be

bioequivalent to the existing approved delayed-release mesa-

lamine tablets in healthy adult volunteers, and importantly

healthy children aged 5–11 years were able to swallow pla-

cebo tablets that mimicked those contained in the novel cap-

sule formulation.

Mesalamine PK profiles have been characterized in multi-

ple studies; mean values for tmax andCmax of a delayed-release

mesalamine tablet formation in healthy volunteers receiving

0.4–2.4 g ranged from 5.3–14.7 hours and 2.1–10.5 nmol/mL,

respectively.15 The findings from this study were in line with
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those reported in previous studies. However, the data from this

study are limited by the fact that bioequivalencewas examined

only in adults. PK properties for delayed-release mesalamine

have not been explored in children beyond mean plasma

concentrations in clinical trials with limited numbers of

participants.8,9,16 This may be due to challenges in conducting

pediatric PK studies for both logistical (eg, recruitment) and

ethical reasons. Whether the bioequivalence between these

formulations of oral delayed-release mesalamine extends to

children remains to be definitively confirmed.

Differences in design between the original delayed-

release mesalamine tablet and the capsule with four smaller

tablets should be considered when comparing PK profiles.

The capsule with four tablets had a higher Cmax and lower

tmax compared to the original tablet. As the four smaller

tablets have a greater total surface area compared to the

original tablet, the dissolution rate may have been increased

as per the Noyes–Whitney equation,17 resulting in differ-

ences between systemic PK profiles. Interestingly, the over-

all bioavailability of the capsule was slightly decreased

compared to the tablet. Interpretation of these values should

consider interparticipant variability.

Single oral doses of the delayed-release mesalamine

capsules were well tolerated when administered under

fasted conditions or with food, although slightly lower

rates of AEs, such as headache, were reported for fed

volunteers. Administration of the mesalamine capsule

with food did not substantially affect the delayed-release

performance of the formulation. As with previous reports

on PK properties of mesalamine in fasted versus fed

volunteers, mesalamine bioavailability was slightly

increased when administered with a high-fat meal.8

Potential mechanisms for increased bioavailability with

food include reduced rate of gastric emptying, reduced

first-pass metabolism, and/or increased drug dissolution

rate.18 The increased bioavailability with food was likely

a result of decreased gastrointestinal transit rate, as drug

delivery of mesalamine to the site of action depends upon

gastric emptying and small-intestine transit.7

Swallowability of mesalamine capsules in children is an

important consideration. UC can affect young children, and

pediatric patients are typically administered doses equiva-

lent to those given to adults.1,19 In this study, the majority of

children aged 5–11 years were able to swallow all eight

placebo tablets in <5 minutes when given instructions to

ingest tablets with water, without further coaching. These

results thus support this formulationas being age appropriate

for children aged <12 years, and this formulation of oralT
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delayed-release mesalamine 4×100 mg is the only mesala-

mine formulation specifically approved by the US Food and

Drug Administration for pediatric patients.

Children aged 5–6 years had the greatest difficulty swal-

lowing the tablets, consistent with the known challenges

associated with this younger age range if not coached in

swallowing. In general, children are given only verbal

instructions by caregivers to swallow a whole pill, leaving

no pieces in the mouth. Challenges for children in pill swal-

lowing may relate to developmental stage, intolerance of

unpleasant flavors, anxiety, and failure to understand the

risks of nonadherence.20 Strategies to help younger patients

with difficulty swallowing include additional verbal

instructions, coaching using head posture training, education

on basic anatomy and function of the esophagus, or beha-

vioral therapy.20 In addition, specialized pill cups are avail-

able that can help young children swallow tablets.21 In the

present study, no practice or training was provided, and thus

in practice, additional training or tools could potentially be

used to help overcome challenges in swallowing presented

by this younger age group.

Conclusion
In summary, a novel delayed-release mesalamine capsule for-

mulation containing four 100mg tablets is bioequivalent to the

existing delayed-release mesalamine 400 mg tablet and can be
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Figure 3 Swallowability of placebo tablets identical in appearance to the 100 mg tablets contained in the delayed-release mesalamine 400 mg capsules by male and female

children aged 5–11 years.

Table 2 TEAE profile following administration of a single oral dose of delayed-release mesalamine 400 mg (4×100 mg) capsule (fasted/

with food) and delayed-release mesalamine 400 mg tablet (fasted) to healthy adult volunteers

Capsule
(fasted, n=156), n (%)

Capsule
(with food, n=148), n (%)

Tablet
(fasted, n=157), n (%)

Total
(n=160), n (%)

Any TEAE 55 (35.3) 24 (16.2) 38 (24.2) 76 (47.5)

Headache 26 (16.7) 13 (8.8) 19 (12.1) 43 (26.9)

Nausea 11 (7.1) 0 7 (4.5) 16 (10.0)

Arthropod bite 8 (5.1) 0 3 (1.9) 11 (6.9)

Upper respiratory infection 5 (3.2) 2 (1.4) 1 (0.6) 8 (5.0)

Constipation 4 (2.6) 2 (1.4) 1 (0.6) 6 (3.8)

Diarrhea 1 (0.6) 1 (0.7) 3 (1.9) 5 (3.1)

Vomiting 4 (2.6) 0 1 (0.6) 5 (3.1)

Back pain 2 (1.3) 0 2 (1.3) 4 (2.5)

Dizziness 3 (1.9) 1 (0.7) 0 4 (2.5)

Nasal congestion 0 0 4 (2.5) 4 (2.5)

Drug-related TEAE 32 (20.5) 9 (6.1) 21 (13.4) 49 (30.6)

TEAE leading to

withdrawal

3 (1.9) 0 1 (0.6) 4 (2.5)

Serious TEAE 1 (0.6) 0 0 1 (0.6)

Deaths 0 0 0 0

Note: AEs that occurred in <2.5% of patients for all treatment groups are not shown.

Abbreviation: TEAE, treatment-emergent adverse event.
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administered with or without food. The delayed-release mesa-

lamine capsules are a more easily swallowed product formula-

tion for the indicated population aged 5–17 years, compared to

the prior approved product.

Abbreviation list
AE, adverse event; AUC, area under the curve; AUC0–

LDC, AUC from time 0 to last determinable concentration;

AUC8–48, AUC from 8 hours to 48 hours; Cmax, maximum

drug plasma concentration; LOQ, limit of quantification;

PK, pharmacokinetic; RSABE, reference-scaled average

bioequivalence; TEAE, treatment-emergent AE; tlag, time

between drug administration and first observed plasma

concentration; tmax, time to Cmax; UC, ulcerative colitis.

Data availability
After deidentification, data can be obtained contacting IR-

medcom@allergan.com.
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