
Metabolism in the Gastrointestinal Tract: Relevance for Drug Development

For orally administered drugs, metabolism
in the gastrointestinal tract (GIT) can de-
crease the fraction of the dose bioavailable
in the systemic circulation (e.g. by first-
pass metabolism), but in the case of pro-
drugs also enable the pharmacologically
active moiety to become bioavailable at
all. The role of the liver in drug metabolism
is widely known and thoroughly investi-
gated. But also the GIT can have a signifi-
cant role in drug metabolism. The purpose
of this paper is to describe these aspects
along the consecutive segments of the
GIT, i.e. mouth, esophagus, stomach,
small intestine, and large intestine.

Mouth

The oral cavity and pharynx are the first
parts of the body a medicine encounters
when taken orally. Several drug-metaboliz-
ing enzymes are located in the buccal epi-
thelial cells, such as oxidases (e.g. cyto-
chrome P450), reductases and cyclooxi-
dases [1]. These are, however, far less pro-
nounced than in the liver, for example.
Furthermore, an immediate-release tablet
taken orally likely does not disintegrate in
the mouth but is swallowed quickly.
Therefore, an interaction between the oral
cavity or pharynx and the drug is not to be
expected. Exceptions to this are special
formulations like orally disintegrating tab-
lets (ODT), sublingual tablets, buccal tab-
lets, sprays, or solutions. Formulations
that release drugs already in the mouth
can be used for local or systemic therapy,
the latter bypassing first-pass metabolism
[2,3].

Esophagus

After swallowing, a perorally administered
drug passes through the esophagus,
which is approx. 25 cm long and 2 cm in
diameter [4]. Due to the fast transit time
of a drug and the physiological character-
istics of the esophagus with its poor blood
supply and squamous epithelium, absorp-
tion and metabolization of the drug is not
to be expected [5]. However, local therapy
approaches, e.g. suspensions for eosino-
philic esophagitis, are used and there are

also examples of local esophageal damage
caused by solid oral drugs like bisphospho-
nates when taken in the supine position or
with too little fluid [6, 7].

Stomach

No significant drug absorption or metabo-
lization takes place in the stomach. The
physiochemical conditions in the stomach
can, however, impact the drug dissolution
and lead to drug degradation processes,
e.g. due to acid instability (e.g. proton
pump inhibitors). Due to its mainly acidic
conditions, the stomach is sparsely popu-
lated with bacteria [8]. The gastric empty-
ing determines the rate at which drugs
reach the small intestine.

Small intestine

The small intestine is approx. 3–6m long
and has by far the largest surface area of
the GIT due to its histology comprising villi
and microvilli. It is divided from proximal
to distal into duodenum, jejunum, and
ileum. One of its main physiological tasks
is the absorption of nutrients from food.
Drugs are also mostly absorbed through
the small intestine. In recent years, the im-
portance of the small intestine, along with
the liver, as an organ important for drug
metabolism has been increasingly dis-
cussed. Phase I as well as phase II metabo-
lization reactions were observed in the
small intestine [9]. Many of the drug-me-
tabolizing enzymes that are localized in
the liver (e.g. cytochromes P450, UDP-glu-
cosyltransferases and ‑sulfotransferases)
can also be found to a lesser extent in the
small intestine [10]. The distribution and
activity of these enzymes decreases from
the proximal to the distal small intestine
[11]. As in the liver, the metabolism of a
drug before it reaches the systemic circu-
lation is described as first-pass metabo-
lism. If the drug administered is not a pro-
drug that is converted into its active form
by metabolization, pronounced first-pass
metabolism results in reduced bioavaila-
bility.

Paine et al. investigated the contribution
of the small intestine to the first-pass me-
tabolism of the CYP3A4 substrate midazo-
lam as early as 1996 [12]. For this purpose,
they administered midazolam intraduo-
denally to 5 patients and intravenously to
5 patients after removal of the liver during
liver transplantation. Subsequently, arteri-
al and hepatic portal venous blood sam-
ples were collected simultaneously in the
anhepatic phase. After reperfusion of the
donor liver, arterial blood samples were
further collected. The mean extraction
rates of the two groups were compared
and the authors were able to show that
the small intestine significantly contrib-
utes to the first-pass metabolism of mid-
azolam. This can be relevant for drug de-
velopment when it comes to the treat-
ment of patients with impaired liver func-
tion, for example.

In contrast to the effect of first-pass me-
tabolism, a drug that is subject to a pro-
nounced enterohepatic circulation may
show an increased bioavailability. The en-
terohepatic circulation describes the circu-
lation of drugs through absorption (mostly
in the small intestine), possibly Phase II
metabolization in the liver (e.g. conjuga-
tion) and subsequent reintroduction into
the small intestine through the bile and
bile ducts, and reabsorption. In case of
drugs re-entering the small intestine con-
jugated, enteral bacteria convert it back
to the parent compound before reabsorp-
tion. This circulation can occur several
times a day and thus contribute to longer
residence times of the drug in the body
(e.g. digitoxin) [13].

Similar to the stomach, the proximal small
intestine is sparsely populated with bacte-
ria. In the course from the distal small in-
testine to the large intestine, however,
the colonization increases [14]. Thus, the
small intestine may contribute to drug me-
tabolism via its microbiome. One example
is levodopa, which can partly be converted
to dopamine by bacteria in the small intes-
tine and is thus no longer able to pass the
blood-brain barrier and unfold its full ef-
fect there [15]. With regard to the efficacy
of levodopa, large inter-individual variabil-
ity is reported which is also attributed to
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the variability in the microbiome of these
patients. The characteristics of the human
microbiome are largely determined by the
large intestine, as this has the highest mi-
crobiotal colonization of the GIT [8].

Large Intestine

The large intestine consists of caecum,
colon, rectum, and anus and has a total
length of about 1.5 m. Its main function is
the absorption of remaining water and
electrolytes. The colonic bacteria produce
certain vitamins (Vitamin B and K) which
are subsequently absorbed. The composi-
tion of the intestinal microbiome is subject
to strong inter-individual variability, as it
depends on external factors such as food,
but is also influenced by genetic factors
[16]. Due to the high level of bacterial
colonization of the colon, it may play an
important role in the metabolism of drugs.
The part of the ascending colon is of par-
ticular interest here [17]. Chemical reac-
tions such as reduction, hydrolysis and de-
hydroxylation are described.

An example of such a reaction is sulphasa-
lazine, which is mainly cleaved by colonic
bacteria into 5-aminosalicylic acid (5-ASA)
and sulphapyridine by means of azo reduc-
tion [18]. This fact is used in the treatment
of inflammatory diseases of the colon (e.g.
ulcerative colitis), as 5-ASA has an anti-
inflammatory effect in the colon. Sulpha-
pyridine, on the other hand, has antibiotic
properties and is absorbed after reduction
and is responsible for a significant part of
the systemic side effects. This example
shows the potential complexity of these
processes in the GIT and underlines the
importance to take this into account in
the development of a drug.

Consequences for
Drug Development

The metabolic capacity of the GIT de-
scribed above impacts the bioavailability
of many perorally administered drugs. Its
pharmacological relevance depends on
whether the drug needs to be or just is sys-
temically bioavailable or is locally acting in
the GIT. During drug development, these
factors need to be investigated under a va-

riety of conditions, e.g. concomitant med-
ications, influence of food components, or
can be specifically addressed, e.g. with for-
mulations/routes of administration cir-
cumventing a first-pass metabolism.

An example of the optimization of a deliv-
ery technology is the antiemetic drug pro-
chlorperazine, which was originally only
available as an immediate-release oral tab-
let. To circumvent the pronounced first-
pass metabolism of the drug, it was for-
mulated as a buccal oral-release tablet.
This resulted in an approximately twofold
increase in systemic exposure compared
to the immediate-release tablet [2].

Probably the best-known food interaction
in the GIT is the interaction of grapefruit
juice with drugs. Grapefruit juice (and
other fruit juices) inhibits the CYP3A4
enzymes in the enterocytes of the small
intestine, but not the liver, which are
involved in the metabolization of many
drugs. In the example of the calcium chan-
nel antagonist felodipine, this can lead to a
significant increase in exposure, which can
result in reduced blood pressure [19]. Rel-
evant interactions have also been reported
for other calcium channel blockers such as
nifedipine, but also for other substance
classes such as statins. In development, it
is important to investigate the occurrence
and relevance of the interaction and to
derive recommendations to be outlined in
the label of the product.
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