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PURPOSE

Mesalamine (5-aminosalicylic acid (5-ASA)) is an anti-
inflammatory drug indicated for the treatment of ulcerative colitis
(UC) and Crohn’s disease (CD). 5-ASA acts locally in the intestines
[1] and is primarily metabolized to the N-acetyl metabolite (N-Ac-
5-ASA) by N-acetyltransferase 1 (NAT1) in the intestinal wall and
liver. The efficacy of 5-ASA treatment can be optimized by using
modified release formulations, which maximizes the local drug
concentration at the site of inflammation [2]. Asacol® and
Mesasal® are examples of commercially available delayed-release
5-ASA formulations. [3]. Predicting the in vivo behavior of such
formulations can be challenging since many factors other than
lumen pH play a role.

RESULTS

OBIJECTIVE

This study aims to develop an oral absorption physiologically
based pharmacokinetic (PBPK) / physiologically based
biopharmaceutics model (PBBM) for 5-ASA and N-Ac-5-ASA, to
predict the in vivo exposure of 5-ASA and N-Ac-5-ASA from
Asacol® in healthy subjects and Mesasal® in healthy and UC or CD
patients.

METHODS

.  PBPK models for 5-ASA and N-Ac-5-ASA were built using
GastroPlus® v.9.8.2 (beta version including the extended
Advanced Compartmental Absorption and Transit (ACAT) model
and UC and CD physiologies).

. All tissues were modeled as perfusion-limited and the Kp’s
were calculated using the default Lukacova method for both
parent drug and its metabolite [4,5].

. In vitro Km for an analogue (para-aminobenzoic acid) [6] was
used as a surrogate and converted to an in vivo Km for 5-ASA.
Vmax for NAT1 was then optimized using intravenous (V) [7-9]
and immediate-release oral (PO) pharmacokinetic (PK) data
[8,10]. 5-ASA renal filtration clearance was defined as fraction
unbound x glomerular filtration rate.

. Asacol® dissolution profile was measured in vitro in fasted state
simulated colonic fluid (FaSSCoF) and an in vitro-in vivo
relationship (IVIVR) was explored with the available data
[11,12].

. The in vivo dissolution was mechanistically deconvoluted from
the PK profile after administration of 800 mg Asacol® [11]. This
profile was then correlated with FaSSCoF in vitro dissolution to
establish a preliminary second order IVIVR (Figure 2). The IVIVR
was used to scale the FaSSCoF in vitro dissolution which was
used as a direct input in the model.

. Mesasal® dissolution profile in simulated intestinal fluid (SIFsp
pH 6.8) was obtained from the literature [13]. Due to sparse in
vitro sampling and very fast dissolution profile, it was not
possible to establish an IVIVR for Mesasal®. Rather, the in vivo
dissolution deconvoluted from the PK profile in healthy
subjects was used to model Mesasal® administration to healthy

subjects and patients [14].

The developed PBPK model for 5-ASA and N-Ac-5-ASA adequately described the
plasma PK profile following IV and immediate-release PO in healthy subjects, as
shown in Figure 1.
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Figure 1: Prediction of mean systemic 5-ASA and metabolite N-Ac-ASA concentrations in healthy subjects after intravenous (V)
administration and immediate-release oral (PO) administration.

For Asacol®, the direct use of FaSSCoF in vitro dissolution data resulted in overprediction of PK
profiles (AUC and Cmax fold errors 2.63 and 2.15, respectively).

The mechanistically deconvoluted in vivo dissolution from the PK profile after administration of
800 mg Asacol® and its comparison to FaSSCoF in vitro dissolution data is shown in Figure 2. This
profile was then correlated with FaSSCoF in vitro dissolution to establish a preliminary second
order IVIVR (Figure 2).

No lag time IVIVR - FaSSCoF
60 25
50 -
X 40 X
: 3 /
3 30 % oo
g 20 = ..-"..
2 S 10 e
10 / = o™ y=0.005x2 +0.0838x + 5.4429
= ¢ R? =0.9944
0 5
0 1 2 3 4 5 6
Time (h) 0
0 10 20 30 40 50 60
—in vivo release —in vitro release ® FaSSCoF pH 7.5 In vitro release %

Figure 2. Deconvoluted in vivo dissolution profile and FaSSCoF in vitro dissolution data (Left panel). In vitro-in vivo relationship between
deconvoluted in vivo dissolution and in vitro dissolution in fasted state simulated colonic fluid (FaSSCoF) for Asacol® 800mg administration [11]
(Right panel).
The scaled dissolution profile via IVIVR resulted in reasonable PK profile prediction for Asacol®
administration, shown in Figure 3.
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Figure 3: Prediction of mean systemic 5-ASA and metabolite N-Ac-ASA concentrations in healthy subjects after Asacol® administration using the
scaled dissolution profile via IVIVR as direct input.

CONCLUSIONS

The developed PBBM-PBPK models resulted in reasonable prediction of 5-ASA and N-
Ac-5-ASA PK profiles from the different clinical PK studies. The in vivo release for both
Asacol® and Mesasal® was lower than the in vitro dissolution data. This highlights the
need for more biopredictive dissolution methods. The PBBM-PBPK approach
presented herein can be used for assessing the biorelevance of different in vitro
dissolution methods for delayed-release formulations and can serve as an aid in new
and generic drug development.
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Likewise, for Mesasal®, the direct use of SIFsp in vitro dissolution data resulted in overprediction of PK profiles (AUC and Cmax fold errors 3.2 and 3.42, respectively).

The healthy subject prediction using the deconvoluted in vivo dissolution profile is shown in Figure 4. Disease physiologies were generated to account for blood flow, stomach pH and
intestine transit time differences between healthy subjects and patients. Since the NAT1 expression in disease condition is not known, the same expression level as in healthy was
assumed. The developed PBBM-PBPK model for CD adequately described the plasma PK profile following administration of Mesasal® in CD patients (Figure 4). All subjects in the UC
groups were in remission, and using the UC gut physiology resulted in an overall overprediction (data not shown). Using healthy gut physiology adequately described the plasma PK

profile in UC patients (Figure 4).
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Figure 4: Prediction of mean systemic 5-ASA and metabolite N-Ac-ASA after Mesasal® administration in healthy volunteers, UC and CD patients
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