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Abstract

Introduction: Excipients are necessary to develop oral dosage forms of any Active
Pharmaceutical Ingredient (API). Traditionally, excipients have been considered
inactive and inert substances, but, over the years, numerous studies have
contradicted this belief. This review focuses on the effect of excipients on the
physiological variables affecting oral absorption along the different segments of the
gastrointestinal tract. The effect of excipients on the segmental absorption variables
are illustrated with examples to help understand the complexity of predicting their in
vivo effects.

Areas covered: The effects of excipients on disintegration, solubility and dissolution,
transit time and absorption are analysed in the context of the different
gastrointestinal segments and the physiological factors affecting release and
membrane permeation. The experimental techniques used to study excipient effects
and their human predictive ability are reviewed.

Expert opinion: The observed effects of excipient in oral absorption process have
been characterized in the past, mainly in vitro (i.e. in dissolution studies, in vitro cell
culture methods or in situ animal studies). Unfortunately, a clear link with their effects
in vivo i.e. their impact on Cmax or AUC, which need a mechanistic approach is still
missing. The information compiled in this review leads to the conclusion that the
effect of excipients in API oral absorption and bioavailability is undeniable and shows
the need of implementing standardized and reproducible preclinical tools coupled
with mechanistic and predictive physiological based models to improve the current

empirical retrospective approach.

Keywords: Biopharmaceutical Classification System of Excipients; Excipient;

Gastrointestinal segments; Oral Absorption.



Article highlights

e Excipients are no longer considered inert. They can significantly affect the
bioavailability in rate and extend of the API, which could be a desired
effect, as in controlled release (CR) formulations or in bio-enabling
formulations, to improve/modulate absorption or an undesired aspect on
the bioequivalence setting.

e The Excipient Biopharmaceutical Classification System (BCSE) is a new
practical classification where the excipients are grouped in four classes
according to their effect over metabolism and efflux transporters.

e Excipients can affect all the main variables determining drug absorption
from the physicochemical characteristics of the API to the physiological
environment. Those effects need preclinical and mathematical predictive
models to be used in the oral dosage development according to the
expected absorption outcome.

o The effect of excipients can be greatly different depending on the
gastrointestinal segment considered due to their particular physiological
aspects and functions, consequently a basic understanding of the
gastrointestinal variables is essential in formulation development.

e Most of the in vitro, in situ and in vivo used to study drug absorption are of
application to characterize excipients effects, but more efforts to scale up

the information from those systems to the in vivo situation are needed.



1. Introduction

The absorption of an oral drug formulation is a complex process that can be affected
by different factors. Usually, a drug formulation is composed by an Active
Pharmaceutical Ingredient (API) and several excipients. The main objective after
administering an oral drug formulation is that the API reach the target in the
organism and provides the desired effect. The role of the excipients is to help the

API to achieve its objective.

According to the basis stablished by Amidon ef al. in 1995 [1], the solubility in the
gastrointestinal environment and the permeability through the gastrointestinal
membrane are the main factors implicated in the drug oral absorption [2]. Systemic
bioavailability (F) is the composite of oral fraction absorbed (fa) times fractions
escaping intestinal (fg) and hepatic (fh) first pass losses, F=fa*fg*fh. Fraction
absorbed will increase up to its maximum with higher solubility, dissolution rate and
permeability values. All those parameters can be affected by excipients. First-pass
losses can be also diminished by excipients and in.consequence, an increase in oral
bioavailability (up to its maximum of 100%) achieved with formulation strategies [3].
On the other hand it has been demonstrated that the interaction among drug
parameters (permeability, solubility) and gastrointestinal environment (fluid volumes,
pH, transporters and enzyme expression levels, membrane tightness) is complex
and change during transit, thus a closer look on segmental differences is useful to

understand excipient effects [4,5].

Otherwise, the excipients included in oral dosage forms have traditionally been
considered inert substances, unable to disturb the API absorption [6]. Nowadays, it is
well-known that some excipients have shown the ability to modify drugs absorption
[7—11]. Several recent reviews have addressed this issue in particular focusing on
the objective of improving oral absorption. Dahlgren et al proposed the key elements
of the preclinical models to be predictive in vivo [7]. Flanagan et al. focused on the
risk-based BCS approach for BCS 3 biowaivers and excipient changes [12] also
addressed by Dash et al. [13]. Al-Ali et al. discussed excipients interactions with ABC
transporters and SLC carriers [14] while Schittny et al. covered the solubility-
supersaturation phenomena with amorphous solid dispersion formulations [15].

Formulation approaches to overcome the food effect have been addressed



extensively [16,17], as well as the design of bio-enabling formulations [18]. Most of
these compilations address the concept of improving oral absorption while the
concept of not changing it, relevant for bioequivalence considerations, has been in
general overlooked, but to point out the so called “problematic” or “critical” excipients
(mainly sugars and surfactants) [19,20]. Taking into account that in many cases APIs
absorption is segmental-dependent, the effects of the excipients can also vary
according the physiological changes along the GIT [21]. Therefore, in this review we
address some relevant physiological features that changed along the Gl tract and in
the second part we summarized some examples of excipients that exert their effects

on different gastrointestinal segments.

2. Gastrointestinal variables relevant for formulation performance and

drug absorption

The gastrointestinal environment changes from stomach to small intestine and colon.
These three segments are the main sites where absorption after oral intake could
take place or that affect formulation performance [22]. Table 1 shows examples of
physiological variables or formulation processes that can be affected by excipients in

different gastrointestinal segments.

Recently Flanagan T. [12] performed a mechanistic review of excipients effects on
the absorption of Biopharmaceutics classification system (BCS) Class | and Il drugs.
Flanagan categorized the excipients effects at four levels; Effects on the drug
release from the dosage form, which involves dissolution, disintegration, micro-
environmental pH changes and complexation. Secondly effects on transit times and
fluid luminal volumes; Effects on the membrane which could be at transcellular or
paracellular level or by affecting influx or efflux transport mechanisms; and finally

effects on the metabolism via direct or indirect mechanisms.

In this review, we are going to summarize examples of all those mechanisms with a
particular focus on the mentioned physiological mechanisms and their different

impact on stomach, small intestine and colon.

pH of luminal secretions is one of the relevant features that can be modulated by

excipients at least in the micro-environment around the dissolving particles. pH at the



solid surface determine drug solubility for weak acid and bases and consequently
govern the dissolution rate. Some pH-modifying excipients have been reported as
one of the causes for bioequivalence failures of weak acids [23]. This approach has
proven to be a successful strategy to modulate ionisable drug dissolution and

absorption [24].

Volume of luminal fluids determine the drug bulk concentration and thus the
dissolution gradient. Excipients affecting water reabsorption or fluid secretion as
those with osmotic effect could eventually affect not only dissolution rate but also

permeation process [25,26].

The third variable with impact on formulation performance is Gl motility, starting from
gastric emptying to intestinal transit and colon arrival. Gastric motility could affect
dose form disintegration as it was shown with paromomycin tablets administered in
phase | or Il of the MMC (Myoelectric migrating complex). In that study tablet
administration in Phase Il produced a more homogeneous drug distribution in the
stomach [27]. Gastric motility as well determines gastric emptying/residence time.
This parameter could be the limiting factor for absorption for high permeability, high
solubility drugs in rapidly dissolving formulations. A reduction in gastric emptying
time associated with an excipient could be reflected in Cmax as it was shown for
sodium bicarbonate [28]. For high solubility but low permeability drugs a decrease in
intestinal transit time could lead to a reduction in absorption extent as was shown
with sodium acid pyrophosphate [29]. Gastric residence time is also a relevant
parameter in enteric-coated formulations. Gastro resistant pellets emptying kinetic
will determine their intestinal dissolution profile and consequently the absorption rate
[30].

Sugars and polyols (PEGs) have been frequently associated to changes in Gl
motility and fluid secretion even at the standard amounts used in dosage forms but
their cut-off limit for exerting this effect is still not clearly stablished but for a few
drugs for which a linear relationship between effect on Cmax and osmotic activity

has been characterized [25].

Alterations of intestinal motility can change fraction absorbed of low permeability

compounds as the effective time for absorption could be reduced [31]. On the other



hand motility changes are associated with fluid secretion changes a phenomenon
known as secretomotor complex [32], thus altering motility can affect eventually

dissolution rate.

Excipients effects on those variables will be discussed in the next sections with

examples observed in the different intestinal segments

3. Concept and classification of excipients

The excipients objective is to facilitate the use of an API by increasing its stability,
patient acceptability or increasing API safety and bioavailability [33]. According to the
Food and Drug Administration (FDA), excipients are considered inactive ingredients
and they are defined as “any component other than active ingredient” [34], where the
“active ingredient” refers to the API. Moreover, the FDA has an inactive ingredient
database that provides information of the excipients included in their approved drug

products as a tool for new drug product development [35].

Nowadays, multiple reports have shown the effect of excipients over the API rate
and extent of absorption [19,36]. Furthermore, excipients are not exempt from
patient-specific adverse reactions, as lactose in lactose intolerant subjects [37]. In
consequence, quality and safety of the excipients and their interactions with the API
must be also assessed during formulation development [33]. Furthermore, currently,
regulation and definition of excipients are complex tasks, because the same
excipient can be employed in different products, such as cosmetic or food products.
Moreover, some excipients can have multiple functions, not have an official name or
not enough information can be found in pharmacopoeias [38]. On the other hand, the
development of novel forms of delivery implies an increase of the number of
excipients and novel excipients mixtures. Indeed, the “Handbook of Pharmaceutical
Excipients”, a guide that collects physical properties, uses and safety data of
excipients, has increased the number of excipients included in their pages from 145
in its first edition to 300 in the last one [39].

Excipients can be classified in different ways according to several factors [40]:

e Origin: organic chemicals or inorganic chemicals



e Function: fillers, diluents, coatings, extenders, binders, solvents, flavouring
agents, wetting agents, colorants, preservatives, suspension and viscosity
agents, absorption enhancers, disintegrants, sustained-release matrices,
lubricants and glidants, etc.

o Administration route: parenteral excipients, topic excipients, oral excipients,

others.

An exhaustive classification of oral excipients can be found in Chaudhari et al. [6],
where the excipients are grouped according to whether they are employed in liquid,
semisolid and solid pharmaceutical forms. Moreover, the study includes the excipient

category, function, working mechanism and some examples.

4. Biopharmaceutical classification system of excipients

Vasconcelos et al. developed in 2017 the Biopharmaceutical Classification System
of Excipients (BCSE) [41]. The objective of the BCSE is to help in the development
of new pharmaceutical products. It is a classification similar to the BCS, where the
excipients are grouped in four classes according to their effect over metabolism and
efflux transporters [41]. The reason of this classification is that the metabolism and
efflux pumps are the two main protective mechanisms against foreign molecules
present in GIT and some excipients can interact with these mechanisms and
modulate the absorption process [42].

Excipients in BCSE Class | have low or negligible impact on metabolism and efflux
transport, so API safety and its bioavailability will remain unchanged. This class
includes excipients such as phthalates, cellulose microcrystalline or lactose (in
normal subjects).

Class Il excipients can interact with metabolization processes. Thus, APIs that
undergo intestinal metabolism will experiment alterations in oral absorption if they
are included in a pharmaceutical dosage form with a class Il excipient. Some
examples of class Il excipients are modified cyclodextrins,
hydroxypropylmethylcellulose (HPMC), croscarmellose sodium or acetic acid.

BCSE Class Il excipients are able to interact with efflux pumps. Therefore, if the API
administered with a class Il excipient by oral route is an efflux transporter substrate,
it will suffer changes in its oral absorption. Sodium lauryl sulphate, PEG300 and

span 20 are examples of class Il excipients.



Finally, the excipients of class IV are the most complex to use. They interact with
metabolism and efflux transport, so these excipients can modify the oral absorption
of APIs subjected to intestinal metabolism, efflux transport or both. Tween 20, tween
80 or brij 35 are excipients included in class IV.

Hence, the chosen excipient could be determinant for the oral absorption of a drug
product. For example, a low permeability API substrate of an efflux pump will have a
low intestinal permeability if it is administered with a BCSE class | excipient.
However, if the same API is administered with a class Ill or IV excipient the
permeability could be enhanced.

Nevertheless, the studies related with the ability of excipients to interact with
metabolism and/or efflux transport are insufficient and in vivo and human data are
scarce [41]. Therefore, more robust methods and studies are needed to complete
and stablish a strong BCSE that eventually will be an extremely useful tool to
develop safe and effective pharmaceutical products.

Furthermore, the BCSE could have an important role to stablish biowaivers. A
biowaiver refers to the replacement of the in vivo bioequivalence assay by an in vitro
dissolution bioequivalence test. A biowaiver can be applied to immediate release oral
solid forms of BCS class | and Il drug (high solubility), provided some other
conditions are fulfilled. However, some human bioequivalence studies have shown
that high solubility drugs, such as isoniazid and zolpidem, in oral immediate release
dosage forms can have similar in vitro dissolution profiles, but presenting differences
in absorption rate (Cmax) in vivo. These studies demonstrated that the problem lied
in the excipients employed in the tablets which affect processes other than
dissolution [43,44]. Therefore, excipients could compromise the safety of BCS-based
biowaivers, thus, completing the BCSE would be beneficial to avoid biowaivers
failures. [42].

The BCSE could be further completed and improved to incorporate the effects over
various SLC influx transporters including OATPs, OCTs and OATP, as shown in
Table 1 and 2 [45-47].

5. Effects of excipients on oral absorption

This review is focused on the effect of excipients on drug absorption along the
different gastrointestinal segments. To understand the mechanisms of their

interactions the most important processes in the different gastrointestinal segments



are briefly described and the excipient impact discussed. Table 1 summarizes some
examples of excipients effects according to the process and gastrointestinal segment

involved. Potential applications of their effects are included in Table 1 as well.

5.1 Stomach

The stomach is the first part of the GIT where the API could be absorbed after dose
form disintegration. It is generally recognized that small intestine is the primary
absorption site due to the specialized epithelium and increase surface area.
Stomach contribution is deemed to be negligible due to its comparatively lower
surface, its thick mucus layer which increase diffusional resistance and short
residence time in fasted state [48,49]. Moreover, the presence of influx or efflux
transport mechanisms is negligible [50]. Nevertheless, absorption from stomach
cannot be completely ruled out, even if lower compared to small intestine
permeability some authors have demonstrate effective permeation of acidic

molecules in preclinical perfusion models [51,52].

5.1.1 Modifying gastric pH

The pH modifier excipients are used in the pharmaceutical industry due to their
antioxidant properties that help to maintain the stability of pharmaceuticals.
Govindarajan et al. [53] studied the surface acidity and solid-state compatibility of
excipients with atorvastatin calcium (Acid-Sensitive API). The agreement between
equilibrium pH and chemical stability of an acid-sensitive compound provided a basis
for the classification of the acidic nature of the excipients.

Methods to evaluate the solid surface pH include the slurry method and the dye-
sorption method, both with similar results [54].

Micro-environmental pH modulation is used to increase drug supersaturation or to
increase dissolution rate and consequently drug permeation gradient and absorption
[24,55-59].

Excipient as calcium phosphate with ability to modulate the micro-environmental pH
around solid particles in dissolution has been reported as the potential reason for
bioequivalence failures of Desketoprofen Trometamol a salt of a weak acid [23].

pH modification has been proposed as part of the mechanism to allow semaglutide
absorption which is hypothesized to occur mainly in stomach [60]. The hypothesis is

that sodium salcaprozate (SNAC) is able to produce a transient pH increase around



the semaglutide molecules, which protect against pepsin action. Salcaprozate also
inhibit oligomer formations so the semaglutide molecules remains as oligomers
whose permeation is also promoted by SNAC that incorporates and fluidizes the
membrane. The hypothesis of gastric semaglutide absorption was based on
radiolabelled drug release monitoring in humans and pyloric ligation studies in dogs
[60].

5.1.2 Gastric emptying

The mechanisms governing the rate of gastric emptying — what is the role of
osmolality, consistency, differences in the fasted and fed state.

The gastric emptying is a physiological process regulated by myogenic neurogenic
and hormonal mechanism [61]. Myogenic mechanism produces antral contractions
due to the pacemaker potential which if associated with spike potential produce
peristaltic contractions. Neurogenic control refers to the activity of the enteric
nervous system (ENS) which can receive extrinsic inputs from vagal and splanchnic
nerves. The main ENS influence is mediated by an inhibitory mechanism known as
enterogastric reflex which inhibits gastric emptying in response to the presence of
fatty acids, digestion products and hypertonic and acidic solutions in duodenum The
extrinsic input is attributed to two parallel neural circuits: Gastric inhibitory vagal
motor circuit (GIVMC) and Gastric vagal excitatory motor circuit (GEVMC) [62].
Hormonal control includes inhibitory hormones (as gastrin, cholecystokinin, secretin,
gastric inhibitory polypeptide and enterogastrones) and stimulatory ones (ghrelin and
motilin).

The migrating motor complex (MMC) is a cyclic, repetitive motility scheme prevailing
in fasted state and interrupted by food. Phase | is the quiescent period followed by
irregular contractions in Phase Il and a burst of contractions originating from the
antrum or duodenum in Phase lll (the “housekeeper wave). The contractions
produce movement of luminal content. Vagus nerve, motilin and ghrelin induce
Phase Il of antral origin [63]. In fasted state emptying of non-caloric liquids is fast
and follows an apparent first order kinetic with a half emptying time of 15-20 min [64].
Fluid volume, pH and osmolarity affect gastric emptying, high volumes, alkaline pH
and isotonicity produce faster emptying than low volumes [65], acidic pH and hyper
or hypo-tonicity. Solid particles need to be reduced to less than 1-2 mm to be

emptied if not they wait until the next housekeeper wave. Food interrupt MMC cycle



and delays emptying depending on caloric content (circa 3kcal/min) and
composition. Fat and carbohydrates empty slower than proteins. The effect of
excipients on the gastric emptying process has been extensively studied [28,66,67].
For example, the gastric emptying is markedly delayed with solutions of 50%
saccharose, but it is slightly accelerated with solutions of 1% carboxymethyl
cellulose [66]. Furthermore, Pestel et al. [67] noted that after administering PEG 400
at 20% concentration a statistically significant reduction of gastric emptying rate in
rat was obtained. And it was also reduced with 1% hydroxyethyl cellulose and 20%
hydroxypropyl-y-cyclodextrin. However, 20% hydroxypropyl-B-cyclodextrin and 0.5%
polysorbate 80 did not disturb the gastric emptying. Kelly et al. [28] demonstrated
that acetaminophen administered with sodium bicarbonate shows a gastric emptying
faster and consequently faster absorption, than other dosage forms without sodium
bicarbonate as excipient on healthy volunteers. On the light of the described
mechanisms for gastric emptying control, sugars and fat emulsions effects are
related with their caloric nature and osmotic effects. Osmotic mechanisms seem also
related with PEG 400 observed effects. Bicarbonate stimulant emptying effect are
concentration dependent increasing emptying rate up to 150mM and decreasing with

hypertonic solutions [68,69].

5.1.3 Disintegration

As the therapeutic dose of APl is generally small excipients are employed to develop
the dosage form with the desired size and shape. After oral administration, the
disintegration process is the first step to allow the API liberation, because the dose
form is broken up in 'small fragments and particles increasing the surface area and
facilitating the dissolution. Indeed, disintegration can condition the API bioavailability
and, hence, the therapeutic effect of a solid dosage form. Methods for studying the
prevailing disintegration mechanism have been reviewed by Markl and Zeitler [70].
To promote the disintegration process, disintegration agents or disintegrates are
required. The most common are a) the starch and its derivatives, such as cross-
linked sodium carboxymethylcellulose or croscarmellose sodium, b) cellulose and its
derivatives as microcrystalline cellulose, or croscarmellose, c) crospovidone and d)
resins as polacrilin [71]. The immediate-release tablets disintegration happens in
stomach with the exposure to physiological fluids in a period of time from 2.5 to 10

min [72]. The main factors affecting disintegrates performance are the particle size,



the method of incorporation (i.e. intra or intergranular or both), the compression force
and the moisture content. Disintegration mechanism are swelling, wicking (liquid
entry by capillarity), strain recovery or reversible deformation and interruption of
particle bonds [73].

Modulating disintegration time is a recognized strategy to target the absorption
process to a particular Gl segment. The two extreme examples would be
orodispersible formulations versus some controlled release (CR) formulations
targeted to release in small intestine or colon. The orally dispersible tablets are
mainly targeted to people with problems in swallowing conventional tablets and
capsules. The European Pharmacopeia coined the term orodispersible tablets for
them [74]. These tablets experiment a fast disintegration, less than 1. min, when they
come into contact with saliva in oral cavity [75]. Orodispersible tablets (ODT) are
composed by super disintegrates which ease the fast disintegration and dissolution
avoiding problems to swallow the pharmaceutical product [76]. Some examples of
super disintegrants employed in orodispersible tablets are croscarmellose sodium,
crospovidone, sodium alginate or acrylic acid derivatives [77,78]. On the contrary,
some controlled-release formulations are designed to achieve a sustained, delayed
or modified release of the API, which means the disintegration will not take place in
stomach or upper intestine [70]. For example, the enteric-coated capsules must
remain intact in the stomach and disintegrate after a pH threshold is achieved (small
intestine conditions). A polymer matrix or coating can modify the disintegration
process to achieve the release profile expected [79].

There are not conclusive studies demonstrating disintegration differences among
formulations of the same drug are responsible of differences in bioavailability. Mainly
because delineating the contribution of disintegration and dissolution is not
straightforward and not always the pharmacopoeial disintegration tests is
discriminative or in line with in vitro dissolution or in vivo input.

Some authors have proposed a test to measure superdisintegrantes performance for
IR tablets demonstrating the relationship with dissolution rate of aspirin tablets, but
the potential in vivo relevance is not explored [80]. Nickerson et al. as well proposed
disintegration test as surrogate of dissolution rate [81] for highly soluble drugs while
other authors conclude there was not a clear relationship between disintegration time
and dissolution rate [82]. For ODT Koner et al [83] have proposed a proposed new

device with a good relationship between in vitro and in vivo disintegration times.



The development of biopredictive disintegration tests based on physiological
variables as in vivo flow and shear rates are currently being attempted and will help
to delineate the influence of disintegrants on in vivo disintegration [84]. Disintegration
process can be different in fasted versus fed state associated with the increased
viscosity of the medium, which interfere with the liquid penetration on the tablet. That
mechanism could explain the negative food effect observed for some BCS class Ill
compounds [85]. To characterize the effect of food on disintegration and compare
three frequently used superdisintegrants croscarmellose sodium (CCS), cross-linked
polyvinylpolypyrrolidone (CPD), and sodium starch glicolate (SSG) were assessed
for their efficiency. Use of disintegrants that act without gelling or can counteract the
effect of gelling is recommended for tablet formulations that have to be administered
with food [86,87].

At a different level some authors have explored disintegrants effects not related with
their formulation function (i.e. promote disintegration) but with their impact on
permeability and drug solubility. Some disintegrants -have shown in vitro in cell
culture inhibition of P-glycoprotein (P-gp) and tight junction opening with rhodamine
as model compound. The in vivo impact would need further research [11]. Solubility
of drugs with different ionization degrees, lipophilicity values and solubility levels
were measured in presence of sodium starch glycolate, sodium croscarmellose and
crospovidone. Some differences were observed in solubility for drugs with high
ionization degree but the authors concluded that the effects were not significant and
probably other excipients could be more risky from a biopharmaceutical point of view

as binders and lubricants [88].

5.2 Small intestine

Excipients generally included in formulations in standard amounts can affect the
transit time, the drug solubility and permeability and consequently the absorption

process.

5.2.1 Small intestinal transit time

The small intestine is undeniably the main place of absorption, therefore the time
that an APl is in the small intestine is crucial for its correct absorption. Consequently,
a shorter small intestinal transit time can reduce significantly the absorption [89].

Several factors can modify the small intestinal transit time, among them there are



some excipients. For example, a statistically significant reduction of cimetidine AUC
and Cmax values of healthy male volunteers was detected by Adkin et al. [90] when
it was administered with mannitol. The decrease of these pharmacokinetics
parameters was due to a reduction of small intestinal transit time. Moreover, a later
study revealed a dose-dependent relationship between mannitol concentration and
small intestinal transit time reduction; the higher mannitol concentration, the smaller
intestinal transit time was obtained [91]. The effect of mannitol may be due to its
osmotic effect, because an increase of the osmotic pressure can induce an
increased peristalsis and water retention [36]. Furthermore, Chen et al. found out
that sorbitol reduced ranitidine bioavailability in healthy volunteers. The authors
attributed this finding to the osmotic effect of sorbitol and the increase of intestinal
motility that reduce the contact time of ranitidine with the proximal small intestine
decreasing its absorption [31]. Polyethylene glycol 400 (PEG 400) also reduces the
ranitidine bioavailability as other osmotically active excipients (many sugar alcohols,
and sodium acid pyrophosphate) [92], because PEG 400 (at elevated amounts 10 g)
increase the intestinal motility and decrease the small intestinal transit time [93]. A
subsequent clinical study by Schulze et al. [94] (also in male volunteers), with lower
PEG 400 doses (1, 2.5 and 5 g) revealed a concentration dependent effects on
transit and drug absorption. Surprisingly the presence of 1 g PEG 400 the absorption
of ranitidine was increased by 41%. To investigate this unexpected result a further
human clinical study by Ashiru et al. showed that PEG 400 enhances ranitidine
bioavailability in male but not female subjects [95]. The proposed mechanism was P-
gp inhibition. The differential effect on men and women could be attributed to
differences in the expression of efflux and influx transporters, transit effects of PEG
400 and fluid volumes. Other preclinical studies with excipients (polyethylene glycol
2000, Cremophor RH 40, Poloxamer 188 and Tween 80 ) have shown differing
effects on bioavailability in males and females attributed to the differential expression
of P-gp [96].

At the other end on transit effects are the muco-adhesive polymers, which increase
the intestinal transit time. Some examples are acrylic acid derivatives and
methacrylate derivatives (Carbopol 974P and 971P), microcrystalline cellulose,

natural polysaccharides (acacia gum and guar gum) or hydrogels chitosan base [94].



5.2.2 Solubility

According to the Biopharmaceutical Classification System (BCS), the solubility in
water is one of the factors employed to classify drugs [1]. The API has to be
dissolved to go through the small intestine membrane, therefore, the API solubility in
the small intestinal fluids will determinate its absorption [97]. Because the intestinal
fluids are aqueous, APIls with low water solubility will have a poor intestinal
absorption.

Several excipients and formulation strategies are used to enhance API solubility and
all of them represent the most evident demonstration of the excipient impact on
absorption. Examples of precipitation inhibitors (for weak acid and bases), lipid-
based formulation excipients, surfactants over their critical micelle concentration
(CMC), co-solvents, and molecular containers as cyclodextrins are illustrated in this
section.

Many APls are weak acids or weak bases and their solubility is highly influenced by
the pH of the medium [98,99]. Therefore, dissolved APlIs in gastric fluids can
precipitate when the solution goes from stomach to small intestine, which could
result in a low oral bioavailability if re-dissolution is slow.

Developing drug formulations that provide an intestinal supersaturation, to obtain API
concentrations higher than equilibrium solubility in the small intestinal lumen, is a
way to achieve an adequate oral bioavailability with low solubility APIs [100,101].
The supersaturation is a metastable thermodynamic state and it is the driving force
of the precipitation process. There are different methods to get the supersaturation of
a compound: the solvent change [102], potentiometric methods [103] or pH change.
As is well known, the pH change is a physiological process that happens throughout
the GIT. Even along the small intestine, there are pH changes associated with the
three small intestine segments: duodenum, jejunum and ileum. Therefore, the
excipients could be employed to prolong the API supersaturation state to inhibit, as
far as possible, the precipitation process in the small intestine and increase its
absorption. For example, Yamashita et al carried out supersaturation studies
according to the United States Pharmacopeia (USP) and revealed that the excipients
poloxamer 407 and polyoxyl 40 monostearate can inhibit the precipitation using 96-
well plates and bio-relevant media [104]. On the other hand, hydroxypropy!

methylcellulose (HPMC) is an excipient widely studied with several drugs.



Bioavailability of tacrolimus, was increased in dogs by HPMC [105]. Paclitaxel
shows approximately five-fold higher oral bioavailability with HPMC in the
pharmacokinetic study conducted in male Sprague-Dawley rats. [106]. AMG 009
[107] andPNU-91325, showed a five-fold higher bioavailability in vivo in dogs, with
HPMC [108]. In all those examples the proposed mechanisms were its ability to
inhibit the precipitation and consequently, increase the bioavailability.

Li et al. used a weakly basic compound as a model compound to which they added;
Vitamin E TPGS as a solubilizing agent and Pluronic F127, HPMC or Eudragit L100-
55 as precipitation inhibitors.

The combination of Pluronic F127 with Vitamin E TPGS resulted in‘a synergistic
effect in prolonging the concentration of the compound after dilution in simulated
intestinal fluid. In addition, HPMC ES and Eudragit L100-55 were found to be
effective precipitation inhibitors for compounds tested in simulated gastric fluid.
The solid dosage form pre-dissolved in simulated gastric fluid in dogs resulted in
52% oral bioavailability compared to 26% for suspension control, a statistically
significant increase (p = 0.002). The increased oral bioavailability of the compound
tested could be attributed to the generation and prolongation of a concentration of
supersaturated drug in vivo by solubilizing agents and precipitation inhibitors [109].
Lipid-based formulations (LBF) are well known for their potential to enhance oral
bioavailability and are used nowadays in more than 30 commercially approved
medications [110]. Pouton proposed a classification system for these formulations
[111]:

Type | contains oily components which need digestion for releasing the drug.

Type |l are self-emulsifying drug delivery systems SEDDS) with oils and insoluble
surfactants that also experience digestion.

Type llla or self-micro emulsifying drug delivery systems (SMEDDS) which form
micro emulsions, containing oils, soluble and insoluble surfactants and cosolvents
that may not need digestion.

Type llIb which are similar to type Ila but with lower oil content and forming finer
micro emulsions and finally

Type IV that does not contains oils but cosolvents and water soluble surfactants
forming micellar solutions. In 2008 two groups were added [112] Proliposomes

formed by phospholipids, and cholesterol matrix adsorbed on a carrier and liquid



crystalline nanoparticles comprised by polar lipid-based matrix stabilized by
surfactants.

Solid lipid formulations have been reviewed elsewhere [113,114].

LBF are mainly used for lipophilic drugs (Log P> 2.5 with some exceptions) in order
to enhance its solubilisation on intestinal milieu, in addition as most of them contains
surfactants effects on the passive permeability and inhibition of efflux transporters
cannot be ruled out [115]. They are mostly used for class Il (dose-limited) and IV
drugs [110]. Exceptions are ergocalciferol (BCS Class 3), valproic acid (BCS Class
1), ranitidine (BCS Class 3), and topotecan (BCS Class 1). For the Class |
compounds the added advantage of LBF could be promoting the lymphatic
absorption pathway thus minimizing metabolic first pass effect. For a BCS class Il
they might experience increased permeability and less food effect. Other reported
advantage of LBF is to provide acceptable content uniformity of high potency/low
dose drugs, to offer taste-masking and to enable the delivery of drugs with low
melting points [116]. The use of colloidal carriers offers protection against enzymatic
degradation in the gastrointestinal tract, this aspect in combination with the
permeability enhancement makes this strategy good for peptide-type drugs [117].
One of the potential problems of some LBF is the precipitation of the drug upon
dilution in the Gl lumen thus, PPls are also included in the formulation to avoid it.
Predicting performance of LBF can be modelled in vitro by accurately simulating the
in vivo conditions such as composition, volume, and hydrodynamics of the contents
in the gastrointestinal lumen as well as the digestion processes if relevant for the
drug release. Several in vitro biorelevant dissolution methods and lipolysis/digestion
models have been recently reviewed, showing some successful level A in vitro in
vivo correlations [114,118-120].

The use of soluble cosolvents (glycols, PEG’s, methacrylate copolymers etc) and
molecular containers as Cyclodextrins are another approaches to increase drug
apparent solubility and promote absorption. Nevertheless, based on rat perfusion
studies some authors have proposed that a solubility-permeability trade off exists so
a careful selection of the cosolvents/container amount and solubility enhancement
must be done in order to avoid excessive decrease in the permeability [121-125].
Other effects of Cyclodextrins as permeation enhancers are discussed in the next

section.



5.2.3 Permeability

The permeability is the ability of the molecules to go through the intestinal
membranes from the lumen to the bloodstream. This parameter is directly related to
the bioavailability and oral absorption of drugs [126]. Permeation enhancers can

exert this effect through several mechanisms [127]:

e Membrane fluidification

e Payload solubility change

e Tight junctions opening

e Hydrophobization of payload
e Decreasing mucous viscosity
¢ Inhibition of efflux carriers

¢ Direct and indirect peptidase inhibition

Only the non-ionized fraction of a molecule can cross the biological membranes.
Most of APIs are weak acids or weak basis, so changes in their charge will
conditioning their permeability. Therefore, if an excipient alters the environment pH,
the permeability of easily ionisable molecules could change, as happens with
metformin tested in diabetic rats [128]. Another point to consider is the charge of the
excipients. If an ionisable APl 'is included, in a drug formulation with an excipient of
opposite charge, both can make an ion-pair and the API could experiment a
considerable rise of permeability. The ion-pair formation is a useful strategy
employed to increase the permeability of low intestinal permeability drugs. For
example, Samiei et al. demonstrated how the succinic acid increases the oral
absorption of amifostine in Rat in situ and in vivo experiments because both
molecules make an ion-pair improving the intestinal permeability of amifostine [129].
Lozoya-Agullé et al. also proved the usefulness of the ion-pair strategy to increase
the permeability, in this case the atenolol permeability was enhanced with brilliant
blue in Rat in situ experiments [130].

Some excipients are able to modify the intestinal membrane structure. They can
have an effect on intercellular tight junctions or can interact with membrane lipids,
causing chemical and physical changes in the intestinal membrane [131]. The most

common and well known example is the group of the surfactants [132—-136]. They



decrease the membrane visco-elastic properties and increase its elasticity, which
results in an increment of molecules permeability by paracellular and transcellular
route [80,81]. The mannitol transport is mainly by paracellular route; therefore, it is
employed as paracellular marker to detect changes in tight junctions [131]. The
Caco-2 permeability of mannitol was studied in presence of different excipients. The
biggest increase in the permeability value was obtained with the anionic surfactant
sodium lauryl sulphate in Caco-2 studies [139]. The same study showed that sodium
lauryl sulphate also improved the permeability of low permeability drugs such as
atenolol, cimetidine, or hydrochlorothiazide. The authors suggest that sodium lauryl
sulphate produces a break of tight junctions and, thus, increases the distance
between intestinal cells [140]. Takizawa et al studied the effect of excipients on
paracellular route with other paracellular marker: 5(6)-carboxyfluorescein. They
assessed the intestinal permeability of this marker in rat jejunum and rat ileum in
presence of the excipients methyl-B-cyclodextrin, sodium carboxymethyl cellulose,
hydroxypropyl cellulose and croscarmellose sodium. All of them increased the
permeability of 5(6)-carboxyfluorescein in jejunum, but not in ileum. These results
suggest that the paracellular route is more sensitive to changes in jejunum than in
ileum [141]. Another excipient that can affect the paracellular route is EDTA
(ethylenediamine tetraacetic acid). EDTA is used as preservative in several
formulations and it can cause the complexation of the calcium present in the
extracellular fluid. This calcium is involved in the tight junctions’ regulation. Hence,
EDTA can increase the permeability of drugs with paracellular transport [131,142].
On the other hand, Larocque et al demonstrated the ability of sodium bicarbonate to
modify the interaction of fluvastatin with membrane phospholipids of model
DMPC/DMPS membranes in vitro. Therefore, the passive transport due to
transcellular route will be disturbed [143].

Cyclodextrins not only are used to increase solubilisation but some results in
preclinical models (rat perfusion and Caco-2 monolayers) indicate that cyclodextrins
can enhance intestinal membrane permeability of some lipophilic compounds
(curcumin, beta-lapachone) in both transcellular and paracellular route [144,145].
Increased extent of absorption of curcumin in humans has been demonstrated for
cyclodextrin formulations [146]. Hydroxypropyl-B-cyclodextrin grafted
polyethylenimines (HP-B-CD-PEI) have been also proposed as permeation

enhancers in rat perfusion model with tight junctions opening as proposed



mechanism [147]. Sulfobutylether-B-cyclodextrin was able to increase amiodarone
absorption in dogs but the proposed mechanism was the improvement in solubility
and dissolution [148].

Intestinal permeation enhancers to improve transport of poorly absorbed API across
the intestinal epithelium are widely known. In the review by Sam Maher et al [149] it
is pointed out that some of the experimental method to explore enhancers effects do
not consider the dynamic environment in the gastrointestinal tract in vivo (for
example, intestinal fluid volume and tonicity, and exposure time). The main difficulty
to success in permeation enhancement is the simultaneous delivery of the drug and
the enhancer in a high concentration for as long as possible.

Some permeation enhancers have reached clinical and commercial formulations with
an effective increase in oral bioavailability such as those studied by Twarog et al
[127]. Salcaprozate sodium (SNAC) and sodium caprate (C10) are two of the most
advanced intestinal permeation enhancers that have been tested in clinical trials for
oral delivery of macromolecules. Comparing the two surfactants, evidence was found
for discrete mechanisms at the level of epithelial interactions in the small intestine,
especially at the high doses used in vivo. Regarding safety, SNAC has generally
regarded as safe (GRAS), whereas C10 has a long history of use in man, and has
food additive status. Evidence for co-absorption of microorganisms in the presence
of either SNAC or C10 has not emerged from clinical trials to date, and long-term
effects from repeat dosing beyond six months have yet to be assessed.

Carrier mediated transport mechanisms are involved in the permeability of many
molecules. Some excipients can interact with transporters and modify the API oral
absorption. The interaction of excipients with influx transport mechanisms could
reduce the permeability of their substrate. On the other side, the interaction with
efflux transport mechanism could increase the permeability [131]. Moreover, due to
the different distribution of the transporters along the small intestine, an excipient can
affect the same API differently depending on the intestinal segment (duodenum,
jejunum or ileum). The most studied transport mechanism is P-glycoprotein (P-gp,
ABCBH1), a secretion transporter expressed on the apical side of enterocytes. There
are many documented cases of excipients interactions with P-gp. For example,
polysorbate 80 showed a significant increase of digoxin bioavailability in rats, due to
its interaction with the apical membrane of intestinal cells which produces the P-gp
inhibition [150]. In fact, the surfactants with high HLB (hydrophilic-lipophilic balance)



(between 10 and 17) such as Span 80, Brij 30, polysorbate 80, Myrj 52 or sodium
lauryl sulphate, have increased ability to inhibit the P-gp in Caco-2 Cells, resulting in
an enhanced drugs bioavailability [151]. Shen et al demonstrated how the excipients
PEG 400, 2000 and 20000 reduce the secretory activity of P-gp in presence of the P-
gp substrate rhodamine 123 in rat intestinal membrane [152]. D-a-Tocopheryl
Polyethylene Glycol 1000 Succinate also inhibits the P-gp secretion in Caco-2 [153].
In this case, the inhibition happens by steric hindrance [154], therefore, there is an
increase of permeability of P-gp substrates as doxorubicin, vinblastine and paclitaxel
in Caco-2. Excipients can affect different transport processes simultaneously, for
example, Batrakova et al demonstrated how Pluronic block copolymers inhibit the
secretion process of P-gp and MRP (Multidrug Resistance Proteins) in different cell
lines (COR-L23/R, MDCKII-MRP2, and LLC-MDR1) These compounds not only
block the ATPase activity of transporter proteins, but also produce a decrease in
available intracellular ATP [155]. Topotecan a substrate of ABCG2/BCRP (Breast
Cancer Resistance Protein) showed an increased permeability in presence of
Polysorbate 20 and cremophor EL and this effect was also observed with in situ
perfusion studies in rats [156] and in vivo in mice [157]. Surfactants may inhibit the
activity of ATP-binding cassette (ABC) transporters but also solute carriers (SLC).
This overlap has been observed at least in cell culture models with cremophor® EL
and Solutol® HS 15 [14]. Polysorbate 20 increased absorptive transport of digoxin
by P-gp inhibition in Caco-2 cell'and in vivo in rats in a concentration dependent
manner [158]. Different studies and laboratories found different effective
concentrations for the enhancing effect of the surfactant and on the other hand, the
effective enhancer concentrations in vitro are much lower than the needed ones in
the in vivo setting. As mentioned earlier this can be related with the dilution of the
surfactant.in vivo on the intestinal fluids. Cyclodextrins can also interact with different
secretion transporters, specifically P-gp and MRP2, as demonstrated Arima et al with
Caco-2 model cells [159]. Furthermore, the same authors showed that 2,6-di-O-
methyl-B-cyclodextrin increases the oral bioavailability of tacrolimus in rats by
inhibition of P-gp and MRP2 [160]. Indirect mechanisms to inhibit transporters have
also been observed, for example, surfactants can affect intestinal cells membrane
fluidity and modify the cell microenvironment impairing the recognition of the

substrates by the transporter protein. [161].



Polyacrylates (acrylic polymers) can act as surfactants or chelators. It has been
shown that these compounds can complex bivalent cations such as zinc and calcium
and consequently difficult the association of these ions with their transporter proteins
and thus prevent their activity in Caco-2 [162].

The modification of permeability by excipients is a big problem for narrow therapeutic
index APIs. In this case, if the permeability decrease, the patient will not have the
expected response; nevertheless, if the permeability increases, the patient will
experiment toxicity. A well-known example is the cardiac glycoside, digoxin. Digoxin
is a P-gp substrate, therefore, other drugs, food or excipients can interact with the
efflux transporter and modify its permeability [163,164]. Inhibiting the efflux can
cause a very high bioavailability rise. For example, Tayrouz et al showed how the
digoxin bioavailability increases by 20% when it is administered to -healthy individuals
with Cremophor RH40 as excipient [165].

Permeability enhancers are receiving increased attention arising from their ability to
increase trans epithelial permeability and thus, oral bioavailability of but also for their
potential cytotoxicity [166]. The question arises as to whether permeability
enhancers can cause irreversible epithelial damage and tight junction openings
sufficient to permit co-absorption of payloads with bystander pathogens,
lipopolysaccharides and exo- and endotoxins that may be associated with sepsis,
inflammation and autoimmune conditions [167,168]. For instance, both melittin and
Sodium caprate (C10) improved bioavailability of polar sugars across the jejunum
and colon of rats in situ, which was associated with some degree of mucosal
damage. Histology of intestinal sections exposed to either promoter showed mild
mucosal damage (truncation of microvilli, and sloughing) at those concentrations
effective at promoting absorption [169]. Medium chain fatty acids (sodium caprylate
and caprate), cyclodextrins (beta-cyclodextrin, hydroxypropyl beta-cyclodextrin) and
bile salts (sodium cholate and deoxycholate) were compared for their enhancing
ability with low permeability hydrophilic and lipophilic compounds. These
permeability enhancers were found to enhance intestinal permeability of drugs from
2- to 27-fold in rat everted sacs. Rank order of toxicity were cyclodextrins>bile salts ~
medium chain fatty acids [170]. In vitro testing on Caco-2 intestinal cells of lactose-
based non-ionic surfactants showed that these excipients present cytotoxic activity
over their CMC producing mitochondrial membrane depolarization, increasing

nuclear membrane permeability and activation of effector caspases. Nevertheless,



the same substances applied at non-toxic concentrations produced a reversible
increase of the transepithelial electrical resistance (TEER), by opening tight
junctions, making possible their use as safe permeability enhancers. [171]. An study
with in vitro Ussing chamber method of permeability enhancers for Insulin showed
that sodium glycocholate, sodium caprate and n-lauryl-beta-D-maltopyranoside are
useful absorption enhancers due to their high absorption enhancing effects and low
intestinal toxicity [172].

Although several clinical pilot studies have demonstrated that the oral absorption of
macromolecules is possible, the bioavailability remains generally low and variable
[173]. The most successful approaches for systemic delivery often involve a
combination of enteric coating, protease inhibitors and permeation enhancers in
relatively high amounts. However, some of these excipients have induced local or
systemic adverse reactions in preclinical and clinical studies, and long-term studies
are often missing. Therefore, strategies aimed at increasing the oral absorption of
macromolecular drugs should carefully take into account the benefit-risk ratio.
Dahlgren et al [174] demonstrate in a rat single-pass intestinal perfusion study that a
rapid absorption-modifying excipients effect on the mucosa is needed to increase the
absorption rate before the yet unabsorbed drug in the lumen has been transported
distally in the intestine. Other single-pass intestinal perfusion study [175] investigated
the effects on permeability of SLS, caprate and chitosan and how their effects are
affected by luminal hypotonicity, nicotinic receptor blockade, and selective COX-2
inhibition. The authors conclude that the in vivo relevance of absorption data from
perfusion models may be improved by protecting the normal intestinal functions as
motility. Evaluation of transport in lumen to blood and blood to lumen directions was
also suggested. Dahlgren et al also investigated the effect of absorption-modifying
critical excipients on the in vivo intestinal absorption in rat and dog [176]. SLS and
chitosan exerted an absorption-enhancing effect in both in vivo bolus models, but the
effect was substantially lower than the observed in the rat single-

pass intestinal perfusion model. In conclusion, the enhancers effects on the
membrane need to be evaluated considering additional gastrointestinal physiological
factors. These observations could have profound implications for evaluation of BE
and for BCS guidelines, when the types and amounts of excipient are changed.
Osmolarity can also modify the permeability of common drugs and as previously

discussed the excipients can also modify osmolarity. It is especially important in



pharmaceutical forms that are saturated like syrups as delMoral-Sanchez et al

proved with in situ experiment in rats [26].

5.3 Colon

5.3.1 Oral controlled release formulations absorption

Oral controlled release (CR) formulations are drug products whereby the API release
is modified, either retarded or sustained, and prolonged in time. Therefore, a large
part of the absorption process will take place in colon. [79].

The excipients employed in oral CR formulations have a concrete function. For
example, pH sensitive polymers as Eudragit or cellulose acetate phthalate are
employed to coat the drug and release the API under colonic pH conditions
[177,178]. Cyclodextrins are employed as carriers that enable the action of colonic
bacteria to release the API in colonic lumen [177,179]. A shell of ethyl cellulose
coating a capsule can be employed to take advantages of the effect of pressure in
the colonic lumen [180]. Most of CR formulations need a mixture of excipients to
reach their aims. A representative example are the osmotic drug delivery systems.
They need, among others excipients, swellable polymers (vinyl acetate copolymer or
polyethylene oxide), wicking agents (colloidal silicon dioxide or kaolin), resins (poly
(4-vinyl pyridine) or citric acid), osmotic agents (magnesium chloride, sodium and
potassium acetate, mannose, sucrose, organic polymeric osmo-agents, etc.),
semipermeable polymers (cellulose acetate or eudragits), plasticizers (polyethylene
glycols, diethyl tartrate) [181-183].

Nowadays, the scientific and technological advances allow developing more complex
and sophisticated CR systems. For example, micro and nanotechnology or the
employment of functionalized excipients can be used to develop different strategies
with the objective of controlling drug delivery [184—-188]. However, it should not be
forgotten that if new materials are employed as excipients they have to be assessed
in terms of safety and potential interactions with the API that can modify its stability

or pharmacological effect.



Table 1. Examples of excipients that affect oral absorption process and

potential applications of their effects.

Gastrointestinal Process/physiol o Potential
Excipient Effect Reference
segment ogical variable application
Gastric
Saccharose emptying - [66]
_ _ delayed
Gastric emptying :
_ . Higher
Sodium Fast gastric .
Stomach _ _ acetaminoph [28]
bicarbonate emptying _
en absorption
Orodispersibl
o . Croscarmellos Fast
Disintegration . o . e tablets [28,77,78]
e sodium disintegration
development
Inhibit API
Cytochrome .
_ metabolism
Metabolism PEG400 P450 3A4 . [45]
to increase
(CYP3A4) o
bioavailability
. Transit time
Mannitol _ - [90]
reduction
Small intestinal Muco-
transit time Carbopol Transit time adhesive (94]
974P increase products
development
Small intestine __
Inhibit API
Prolong API S
. ~ precipitation
Solubility HPMC supersaturati . [105-107]
to increase
on state .
absorption
_ Amifostine
~_ lon-pair N
Succinic acid . permeability  [129]
formation _
o improvement
Permeability : _
_ Intestinal Permeability
Sodium lauryl _
membrane improvement [139]
sulfate
changes of low




permeability

drugs
Digoxin
Polysorbate P-gp . o
o bioavailability [150]
80 inhibition .
increase
APl release
. ~ Delayed API
Eudragit under colonic . [177,178]
H absorption
CR formulations P
Colon . Osmotic drug
absorption _ . ‘
Magnesium Osmotic delivery
. [181-183]
chloride agent systems

development

HPMC: hydroxypropyl methylcellulose; API: Active Pharmaceutical

Ingredient; P-gp: P-glycoprotein; CR: Controlled Release.

6. Expert opinion

The studies carry out to date evidence that the excipients influence on oral drug

or to ensure bioequivalence. The effects of excipients on any process involved in

will impact the API bioavailability, increasing or decreasing it which is a serious

problem for APIs of narrow therapeutic index. A particular excipient can affect the

it is released. To avoid absorption problems related with excipients, standardized

Gl physiology in the case of excipients intended for the oral route [189]. The
validation of in vitro and animal test (as cell cultures, artificial membranes, animal

intestinal perfusion methods and animal in vivo models) with regard to their

absorption cannot be overlooked and must be assessed either to improve absorption

oral absorption (gastric emptying, disintegration, intestinal transit time, permeability)

absorption by several mechanisms depending on the gastrointestinal segment where

and reproducible tests are needed. Nowadays the regulatory approval of any new
excipient requires its toxicological evaluation and the ADME characterization of the

excipient itself but it is not mandatory but optional the assessment of their effects on

predictive ability for excipient effects in humans is a necessary step. ldentification of
mechanism in each model and their scaling up to humans will be essential thus big

databases and mechanistic PBPK models as the ones used for drug absorption must



be implemented [190,191]. Not only the new excipients have to be assessed, also
the already approved excipients require to be re-visited to characterize their effects
on the Gl tract. To prevent not desired excipient effects or to profit those effects to
improve absorption, the BCSE could be completed and it could be employed as a
tool in combination with BCS not only to improve the quality and safety of new oral
pharmaceutical forms but also to improve the chances of success in bioequivalence
trials of generic drug formulations. API-excipient interaction can be different across
BCSE and BCS classes i.e. excipients could be considered “inert” for a particular
drug but not for another. Therefore, the correct excipients to develop oral drug
formulations would be chosen and biowaivers would be stablished safely. BCSE
information should be extended, both for excipients already used and for those that
will arise in the future. In the future, this knowledge and tools coupled with PBPK
modelling could save time and money in product development by ensuring a

predictable effect on human bioavailability in clinical trials [192,193].



Table 2. Examples of excipients that have shown effects on oral absorption through permeability and or dissolution modification

and the experimental models used to characterize their effect.

BCS

Suggested Experimental(Effect on
Excipient Drug Provisional ] ] Reference
mechanism method absorption
class
o Everted gut
o Inhibition P-gp
Acconon E Digoxin Il sac and Rat |[Increase [194]
(abcb1) o
in vivo
Aluminium Hydroxide |Dicumarol Il Drug adsorption Dogs study |Decrease  [[195]
rat jejunum,
MRP (abcb) by _
mounted in
Carbopol 934 Amoxicillin Il reversible ATP . . No change |[[196]
. side-by-side
depletion o
diffusion cells
Carboxymethylcellulose _ Inhibition P-gp in situ rat
. Methylprednisolone |IV . _ Increase [197]
calcium (abcb1) intestinal loop
_ Improved solubility, [Rat in vivo
Cyclodextrin Several drugs Class II-IV | . Increase [198]
dissolution Human
Cremophor EL _ OATP1A2, transfected
bromosulfophthalein decrease [46]
OATP1B3, and human




OATP2B1 embryonic
kidney cells
Everted gut
L abcb1, abcb11,
Digoxin Il sac and Rat |[Increase [194]
SLC Ve
in vivo
Inhibition P-gp Partial
P-gp substrates Caco-2 o [199,200]
(ABCB1) Inhibition
Everted gut
o Inhibition P-gp sac
Digoxin Il . Increase [194]
(abcb1) and Rat in
Vivo
Rat jejunum,
MRP not identified |mounted in
Amoxicillin 0l . _ = [196]
(abcb) side-by-side

diffusion cells




Inhibition of BCRP

. Transfected
Mitoxantrone v (abcg2) and P-gp Increase [201]
MDCK-II cells
(abcb1)
Inhibition P-
. Glycoprotein Transfected o
Calcein-AM v Inhibition [202]
(ABCB1) and MDCK-II cells
MRP2(ABCC2)
Inhibition P-
Talinolol Il Glycoprotein Caco-2 cells |Increase [203]
(ABCB1)
o Inhibition P-gp in vivo
Cremophor RH40 Digoxin Il Increase [165]
(ABCB1) Humans
Increase i
5(6)- Rat everted [Jejunum
Croscarmellose a1 paracellular [141]
carboxyfluorescein gut sac Increase
transport
Docusate Sodium Cimetidine 1] Not explained Caco-2 Increase [139]
Inhibition P-gp
Ethanol Talinolol Il Caco-2 Increase [203]

(ABCB1)




Acyclovir,

o Not explained Caco-2 , Rat
Antipyrine, 1] o = [204]
. . in situ
Ganciclovir
Not explained Caco-2, Rat
HPMC Atenolol, Nadolol |llI Va = [204]
in situ
Increase
5(6)- Rat everted
o paracellular = [141]
carboxyfluorescein gut sac
transport
&~ Everted gut
. o Inhibition-P-gp
Imwitor Digoxin Il sac and Rat |[Increase [194]
(abcb1) o
in vivo
o Everted gut
o Inhibition P-gp
Labrasol Digoxin Il sac and Rat |[Increase [194]
(abcb1) o
in vivo
Acyclovir,
o Caco-2 , Rat
Antipyrine, [l o = [204]
. . in situ
Lactose Ganciclovir
Caco-2 , Rat
Atenolol, Nadolol |l = [204]

in situ




Increase

5(6)- Rat everted
i paracellular = [141]
carboxyfluorescein gut sac
transport
Not explained Double-blind,
Lecithin Curcuminoids (improved crossover Increase [205]
solubility?) human study
Decrease
. . . bioavailability
Risperidone I unexplained Human study [19]
(small
amount)
Alendronate ,
_ [l unexplained Human study [Increase [19]
Sodium
SLS rat jejunum,
mounted in
Amoxicillin 1] SLC Increase [196]
side-by-side
diffusion cells
in vitro:
Micellar .
Chlorpromazine Il dimethyl Decreased [[206]

solubilization

polysiloxane




membrane

rat jejunum,
mounted in
Lutrol Amoxicillin 1] SLC . / = [196]
side-by-side
diffusion cells
o (reduce
Cetylpyridinium o .
Caco-2 antimicrobial [[207]
Chloride o
Magnesium Stearate activity)
Acyclovir,
o SLC Caco-2 Decrease  [[208]
Cimetidine
in situ rat
_ P-Glycoprotein, . _
Methylprednisolone intestinal Increase [197]
abcb1
loops
Microcrystalline
cellulose
Indomethacin Il SLC, ABCC family |Caco-2 Increase [209]
. '\ Inhibition P-gp Everted gut
Miglyol Digoxin Il Increase [194]
(abcb1) sac and Rat




in vivo

Everted gut
Inhibition P-gp
Sucrose monolaurate [Digoxin Il sac and Rat [Increase [194]
(abcb1) o
in vivo
Ranitidine 1] Human study [Decrease [95]
PEG 400
Ranitidine 1 Human study |[Increase [95]
_ Low Solubility Planar
Pluronic L61 Increase [210]
drugs Membranes
Diffusion
Pluronic 50 Amoxicillin 1] SLC = [196]
Camera
Pluronic P85 Topotecan I abcg2 Rat in vivo  [Increase [157]
Ranitidine i ABCB1, SLC Human study [Increase [94]
_ P-Glycoprotein: side-by-side
Rhodamine o Increase [211]
PEG 400 abcb1 diffusion cells
. P-Glycoprotein:
Talinolol Il Caco-2 Increase [203]

abcb1




Increase

PEG 400 Midazolam Rat in vivo . - [45]
bioavailability
abcb1, Rat intestine:
PEG 4000 Phenobarbital abcc3,abcb11, everted Decrease [[212]
abcc1, abcc2, SLC [intestinal sac
Everted gut
o Inhibition P-gp
Digoxin Il sac and Rat |[Increase [158,194]
(abcb1) o
in vivo
Polysorbate 20 Low Solubility o
in vitro Cells |Increase [201]
drugs
Increase
Topotecan I abcg2 Mice in vivo | e
bioavailability|
Everted gut
o Inhibition P-gp
Digoxin Il sac and Rat [Increase [194]
(abcb1) o
in vivo
Polysorbate 80 . Inhibition P-gp o
Talinolol Rat in vivo Increase [203]
(abcb1)
Inhibition P-gp
Talinolol Caco-2 Increase [203]

(abcb1)




P-Glycoprotein:

P-gp substrates Caco-2 Decrease [199,200]
ABCB1
rat intestine,
P- mounted in  [Increase
Rhodamine . . . [213]
Glycoprotein:ABCB1|side-by-side |(Low dose)
diffusion cells
Ganciclovir Caco-2 Increase [214]
o Inhibition P-gp Rat everted
Digoxin Il Increase [215]
(abcb1) gut sac
Colloidal Magnesium .
Il Drug adsorption Dog study Decrease  |[195]
Aluminum Silicate
. _ side-by-side
Sodium cholate Melatonin I SLC o Increase [216]
diffusion cells
. _ side-by-side
Sodium Oleate Melatonin Il SLC Decrease  [[216]
diffusion cells
Everted gut
o Inhibition P-gp
Solutol HS Digoxin Il sac and Rat |[Increase [194]
(abcb1)

in vivo




Decrease

bioavailability]

Risperidone I unexplained Human study [13,19]
(small
amount)
. Decreased
Sorbitol
small
intestinal
Ranitidine 1] ABCB1 SLC Human study o [13,89]
transit time
Decrease
bioavailability|
Starch Dicumarol Il Drug adsorption Dogs study |Decrease [195]
Dicumarol Il Drug adsorption Dogs study [Decrease |[195]
in vitro:
_ . dimethyl
Chlorpromazine 11 Adsorption _ Decrease [206]
polysiloxane
Talc
membrane
Increase
5(6)- Rat everted
o paracellular = [141]
carboxyfluorescein gut sac

transport




Solubilisation, P-

TPGS Cyclosporine v glycoprotein Human study [Increase [217]
inhibition
o Everted gut
Inhibition P-gp
Vitamin E TPGS Digoxin I sac and Rat |[Increase [194]
(abcb1)

in vivo




Funding

The project “MODELOS IN VITRO DE EVALUACION BIOFARMACEUTICA”
SAF2016-78756(AEI/FEDER, EU) was funded by Agencia Estatal Investigacion and
European Union, through FEDER (Fondo Europeo de Desarrollo Regional).

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with the
subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert

testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other

relationships to disclose.



References

Papers of special note have been highlighted as:

* of interest

** of considerable interest

[11 Amidon GL, Lennernas H, Shah VP, et al. A theoretical basis for a
biopharmaceutic drug classification: the correlation of in vitro drug product
dissolution and in vivo bioavailability. Pharm. Res. [Internet]. 1995 [cited
2019 Jan 19];12:413-420. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/7617530.

[2] Martinez MN, Amidon GL. A mechanistic approach to understanding the
factors affecting drug absorption: A review of fundamentals. J. Clin.
Pharmacol. 2002;42:620-643.

[3] Pereira De Sousa |, Bernkop-Schnurch A. Pre-systemic metabolism of
orally administered drugs and strategies to overcome it. J. Control.
Release. 2014;

[4] Lozoya-Agullol, Zur M, Beig A, et al. Segmental-dependent permeability
throughout the small intestine following oral drug administration: Single-
pass vs. Doluisio approach to in-situ rat perfusion. Int. J. Pharm.
[Internet]. 2016 [cited 2019 Oct 22];515:201-208. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27667756.

[5]  Alejandro RP, Isabel LA, Miguel OA, et al. Comparison of segmental-
dependent permeability in human and in situ perfusion model in rat. Eur.
J. Pharm. Sci. [Internet]. 2017 [cited 2019 Jul 28];107:191-196. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/28687530.

[6] Chaudhari SP, Patil PS. Pharmaceutical Excipients: A review. Int. J. Adv.
pharmacy, Biol. Chem. [Internet]. 2012 [cited 2019 Nov 20];1:21-34.

Available from: www.ijapbc.com.



[71 Dahlgren D, Sjoblom M, Lennernas H. Intestinal absorption-modifying
excipients: A current update on preclinical in vivo evaluations. Eur. J.
Pharm. Biopharm. 2019;142:411-420.

* Comprehensive review about the mechanisms by which excipients

increase drug permeation.

[8] Loftsson T. Excipient pharmacokinetics and profiling. Int. J. Pharm.
2015;480:48-54.

[91 Zarmpi P, Flanagan T, Meehan E, et al. Biopharmaceutical aspects and
implications of excipient variability in drug product performance. Eur. J.
Pharm. Biopharm. [Internet]. 2017 [cited 2019 Jan 30];111:1-15.
Available from:
https://www.sciencedirect.com/science/article/abs/pii/S093964 111630560
4.

[10] Kubbinga M, Moghani L, Langguth P. Novel insights into excipient effects
on the biopharmaceutics of APIs from different BCS classes: Lactose in
solid oral dosage forms. Eur. J. Pharm. Sci. 2014;61:27-31.

[11] Gerber W, Hamman JH, Steyn JD. Excipient-drug pharmacokinetic
interactions: Effect of disintegrants on efflux across excised pig intestinal
tissues. J. Food Drug Anal. 2018;26:S115-S124.

[12] Flanagan T. Potential for pharmaceutical excipients to impact absorption:
A mechanistic review for BCS Class 1 and 3 drugs. Eur. J. Pharm.
Biopharm. [Internet]. 2019 [cited 2020 Mar 21];141:130-138. Available
from: https://doi.org/10.1016/j.ejpb.2019.05.020.

* This is a good review that focuses on identifying the effect of excipients
on absorption that may be important for BCS class 1 and 3 drugs and

formulations.

[13] Dash RP, Srinivas NR, Babu RJ. Use of sorbitol as pharmaceutical
excipient in the present day formulations—issues and challenges for drug
absorption and bioavailability. Drug Dev. Ind. Pharm. 2019;45:1421—



[14]

[15]

[16]

[17]

[18]

[19]

1429.

Al-Ali AAA, Nielsen RB, Steffansen B, et al. Nonionic surfactants
modulate the transport activity of ATP-binding cassette (ABC)
transporters and solute carriers (SLC): Relevance to oral drug absorption.
Int. J. Pharm. 2019;

Schittny A, Huwyler J, Puchkov M. Mechanisms of increased
bioavailability through amorphous solid dispersions: a review. Drug Deliv.
2020;

Pentafragka C, Symillides M, McAllister M, et al. The impact of food
intake on the luminal environment and performance of oral drug products
with a view to in vitro and in silico simulations: a PEARRL review. J.
Pharm. Pharmacol. 2019;

O’Shea JP, Holm R, O’Driscoll CM, et al. Food for thought: formulating
away the food effect — a PEARRL review [Internet]. J. Pharm. Pharmacol.
Blackwell Publishing Ltd; 2019 [cited 2020 Jun 21]. p. 510-535. Available
from: https://pubmed.ncbi.nlm.nih.gov/29956330/.

Ditzinger F, Price DJ, llie AR, et al. Lipophilicity and hydrophobicity
considerations in bio-enabling oral formulations approaches — a PEARRL

review. J. Pharm. Pharmacol. 2019;

Garcia-Arieta A. Interactions between active pharmaceutical ingredients
and excipients affecting bioavailability: Impact on bioequivalence. Eur. J.
Pharm. Sci. 2014;18:89-97.

** Comprehensive description of impact that excipients may have on the
bioavailability and relate it with existing US-FDA, WHO and EMA

regulatory guidelines.

[20]

Bransford P, Cook J, Gupta M, et al. ICH M9 Guideline in Development
on Biopharmaceutics Classification System-Based Biowaivers: An

Industrial Perspective from the 1Q Consortium. Mol. Pharm. 2020;



[21]

[22]

[23]

[24]

[25]

[26]

[27]

Vertzoni M, Augustijns P, Grimm M, et al. Impact of regional differences
along the gastrointestinal tract of healthy adults on oral drug absorption:
An UNGAP review. Eur. J. Pharm. Sci. 2019;134:153-175.

Kostewicz ES, Aarons L, Bergstrand M, et al. PBPK models for the
prediction of in vivo performance of oral dosage forms. Eur. J. Pharm. Sci.
[Internet]. 2014;57:300-321. Available from:
http://dx.doi.org/10.1016/j.ejps.2013.08.024.

Bermejo M, Kuminek G, Al-Gousous J, et al. Exploring bioequivalence of
dexketoprofen trometamol drug products with the gastrointestinal
simulator (GIS) and precipitation pathways analyses. Pharmaceutics
[Internet]. 2019 [cited 2019 Aug 9];11:122. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30884755.

Taniguchi C, Kawabata Y, Wada K, et al. Microenvironmental pH-
modification to improve dissolution behavior and oral absorption for drugs
with pH-dependent solubility. Expert Opin. Drug Deliv. [Internet]. 2014
[cited 2020 Mar 21];11:505-516. Available from:
http://www.ncbi.nlm.nih.gov/ipubmed/24472170.

Chen M-L, Sadrieh N, Yu L. Impact of Osmotically Active Excipients on
Bioavailability and Bioequivalence of BCS Class Ill Drugs. AAPS J.
[Internet]. 2013;15:1043-1050. Available from:
http://link.springer.com/10.1208/s12248-013-9509-z.

delMoral-Sanchez JMM, Ruiz-Picazo A, Gonzalez-Alvarez M, et al.
Impact on intestinal permeability of pediatric hyperosmolar formulations
after dilution: Studies with rat perfusion method. Int. J. Pharm. [Internet].
2019 [cited 2019 Jan 15];557:154—-161. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0378517318309657.

Van Den Abeele J, Brouwers J, Tack J, et al. Exploring the link between
gastric motility and intragastric drug distribution in man. Eur. J. Pharm.
Biopharm. [Internet]. 2017 [cited 2020 Mar 21];112:75-84. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27865990.



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Kelly K, O’'Mahony B, Lindsay B, et al. Comparison of the rates of
disintegration, gastric emptying, and drug absorption following
administration of a new and a conventional paracetamol formulation,
using gamma scintigraphy. Pharm. Res. [Internet]. 2003 [cited 2019 Jan
21];20:1668-1673. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14620524.

Koch KM, Parr AF, Tomlinson JJ, et al. Effect of Sodium Acid
Pyrophosphate on Ranitidine Bioavailability and Gastrointestinal Transit
Time. Pharm. Res. An Off. J. Am. Assoc. Pharm. Sci. 1993;10:1027—
1030.

Klein S, Garbacz G, PiSlar M, et al. The role of individual gastric emptying
of pellets in the prediction of diclofenac in vivo dissolution. J. Control.
Release [Internet]. 2013 [cited 2020 Mar 21];166:286—293. Available
from: http://www.ncbi.nim.nih.gov/pubmed/23306025.

Chen M-L, Straughn AB, Sadrieh N, et al. A Modern View of Excipient
Effects on Bioequivalence: Case Study of Sorbitol. Pharm. Res. [Internet].
2006 [cited 2019 Jan 21];24:73-80. Available from:
http://link.springer.com/10.1007/s11095-006-9120-4.

Layer P, Chan AT, Go VL, et al. Human pancreatic secretion during
phase Il antral motility of the interdigestive cycle. Am. J. Physiol.
[Internet]. 1988 [cited 2020 Mar 21];254:G249-53. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/3348376.

Abrantes CG, Duarte D, Reis CP. An Overview of Pharmaceutical
Excipients: Safe or Not Safe? J. Pharm. Sci. 2016;105:2019-2026.

FDA. CFR - Code of Federal Regulations Title 21 [Internet]. [cited 2019
Nov 20]. Available from:
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm.

FDA. CDER/FDA. Inactive Ingredient Search for Approved Drug Products
[Internet]. [cited 2019 Nov 20]. Available from:

https://www.accessdata.fda.gov/scripts/cder/iig/index.Cfm.



[36]

[37]

[38]

[39]

[40]

[41]

Panakanti R, Narang AS. Impact of Excipient Interactions on Drug
Bioavailability from Solid Dosage Forms. 2012 [cited 2019 Jan
21];29:2639-2659. Available from: http://link.springer.com/10.1007/978-3-
319-20206-8_10.

Deng Y, Misselwitz B, Dai N, et al. Lactose intolerance in adults:
Biological mechanism and dietary management. Nutrients. 2015;7:8020—
8035.

Saluja V, Sekhon BS. The regulation of pharmaceutical excipients. J.
Excipients Food Chem. [Internet]. 2014 [cited 2019 Nov 20];4:95-106.
Available from: https://ojs.abo.fi/ojs/index.php/jefc/article/view/213.

Rowe RC, Sheskey PJ, Owen SC, et al. Handbook of pharmaceutical
excipients [Internet]. Pharmaceutical Press; 2006 [cited 2019 Jan 30].
Available from: https://www.ncbi.nlm.nih.gov/nimcatalog/101258346.

Definition of Pharmaceutical Excipients - pharma excipients [Internet].
[cited 2019 Nov 20]. Available from:
https://www.pharmaexcipients.com/pharmaceutical-excipients-some-

definition/.

Vasconcelos T, Marques S, Sarmento B. The biopharmaceutical

classification system of excipients. Ther. Deliv. 2017;8:65-78.

** Paper of interest to explore in a first approximation, the usefulness of a

classification of excipients based on their effect on bioavailability.

[42]

[43]

Zhang W, Li Y, Zou P, et al. The Effects of Pharmaceutical Excipients on
Gastrointestinal Tract Metabolic Enzymes and Transporters—an Update.
AAPS J. 2016;18:830-843.

Ramirez E, Laosa O, Guerra P, et al. Acceptability and characteristics of
124 human bioequivalence studies with active substances classified
according to the Biopharmaceutic Classification System. Br. J. Clin.
Pharmacol. [Internet]. 2010 [cited 2019 Sep 25];70:694—702. Available
from: http://doi.wiley.com/10.1111/j.1365-2125.2010.03757 .x.



[44]

[45]

[46]

[47]

[48]

[49]

[50]

Colén-Useche S, Gonzalez-Alvarez |, Mangas-Sanjuan V, et al.
Investigating the Discriminatory Power of BCS-Biowaiver in Vitro
Methodology to Detect Bioavailability Differences between Immediate
Release Products Containing a Class i Drug. Mol. Pharm. 2015;12:3167—
3174.

Ren X, Mao X, Si L, et al. Pharmaceutical excipients inhibit cytochrome
P450 activity in cell free systems and after systemic administration. Eur.
J. Pharm. Biopharm. [Internet]. 2008 [cited 2020 Mar 25];70:279-288.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18499414.

Engel A, Oswald S, Siegmund W, et al. Pharmaceutical excipients
influence the function of human uptake transporting proteins. Mol. Pharm.
[Internet]. 2012 [cited 2019 Nov 22];9:2577-2581. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22808947.

Otter M, Oswald S, Siegmund W, et al. Effects of frequently used
pharmaceutical excipients on the organic cation transporters 1-3 and
peptide transporters 1/2 stably expressed in MDCKII cells. Eur. J. Pharm.
Biopharm. [Internet]. 2017 [cited 2020 Mar 25];112:187-195. Available
from: http://www.ncbi.nim.nih.gov/pubmed/27903454.

Jobin G, Cortot A, Godbillon J, et al. Investigation of drug absorption from
the gastrointestinal tract of man. I. Metoprolol in the stomach, duodenum
and jejunum. Br. J. Clin. Pharmacol. [Internet]. 1985 [cited 2020 Mar
211;19 Suppl 2:97S-105S. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/4005135.

Vidon N, Palma R, Godbillon J, et al. Gastric and intestinal absorption of
oxprenolol in humans. J. Clin. Pharmacol. [Internet]. 1986 [cited 2020 Mar
21];26:611-615. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/3793952.

Gonzalez Alvarez |, Cabrera Pérez MA, Bermejo Sanz M del V.
Metodologias Biofarmacéuticas en el Desarrollo de Medicamentos.

Universidad Miguel Hernandez, editor. Universidad Miguel Hernandez;



[51]

[52]

[53]

[54]

[55]

[56]

[57]

2015.

Garrigues TM, Pérez-Varona AT, Climent E, et al. Gastric absorption of
acidic xenobiotics in the rat: Biophysical interpretation of an apparently
atypical behaviour. Int. J. Pharm. 1990;64:127-138.

Bermejo M, Ruiz-Garcia A, Sanchez-Castafio G, et al. Gastric absorption
in the presence of sodium Taurocholate: Interpretation of its ulcerogenic
effect. Poster Present. AAPS Annu. Meet. New Orleans, USA, [Internet].
1999 [cited 2020 Mar 21]; Available from:

https://www.uv.es/~mbermejo/Neworleans5.pdf.

Govindarajan R, Landis M, Hancock B, et al. Surface acidity and solid-
state compatibility of excipients with an acid-sensitive API: case study of
atorvastatin calcium. AAPS PharmSciTech [Internet]. 2015 [cited 2019
Nov 20];16:354—-363. Available from:
http://www.ncbi.nim.nih.gov/pubmed/25319055.

Pudipeddi M, Zannou EA, Vasanthavada M, et al. Measurement of
surface pH of pharmaceutical solids: A critical evaluation of indicator dye-
sorption method and its comparison with slurry pH method. J. Pharm. Sci.
2008;97:1831-1842.

Abhijeet K, Namita D. Studies on Solubility Enhancement of Poorly
Soluble NSAID Using Dual Approach of Micro-environmental pH
Modulation and Melt Granulation. Curr. Drug Deliv. [Internet]. 2017 [cited
2020 Mar 22];14:1201-1212. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28578642.

Dong L, Mai Y, Liu Q, et al. Mechanism and improved dissolution of
glycyrrhetinic acid solid dispersion by alkalizers. Pharmaceutics [Internet].
2020 [cited 2020 Mar 22];12. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31968604.

Hou HH, Jia W, Liu L, et al. Effect of Microenvironmental pH Modulation
on the Dissolution Rate and Oral Absorption of the Salt of a Weak Acid -
Case Study of GDC-0810. Pharm. Res. [Internet]. 2018 [cited 2020 Mar



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

22];35:37. Available from: http://www.ncbi.nim.nih.gov/pubmed/29380076.

Vo AQ, Feng X, Zhang J, et al. Dual mechanism of microenvironmental
pH modulation and foam melt extrusion to enhance performance of
HPMCAS based amorphous solid dispersion. Int. J. Pharm. [Internet].
2018 [cited 2020 Mar 22];550:216-228. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30142354.

Badawy SIF, Hussain MA. Microenvironmental pH Modulation in Solid
Dosage Forms. J. Pharm. Sci. [Internet]. 2007 [cited 2019 Sep
27];96:948-959. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17455349.

Buckley ST, Baekdal TA, Vegge A, et al. Transcellular stomach absorption
of a derivatized glucagon-like peptide-1 receptor agonist. Sci. Transl.
Med. [Internet]. 2018 [cited 2019 Nov 20];10. Available from:
http://www.ncbi.nim.nih.gov/pubmed/30429357.

Cooke AR. Control of gastric emptying and motility. Gastroenterology
[Internet]. 1975 [cited 2020 Mar 22];68:804—-816. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1123145.

Goyal RK, Guo Y, Mashimo H. Advances in the physiology of gastric
emptying. Neurogastroenterol. Motil. [Internet]. 2019 [cited 2020 Mar
22];31:€13546. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30740834.

Deloose E, Janssen P, Depoortere I, et al. The migrating motor complex:
control mechanisms and its role in health and disease. Nat. Rev.
Gastroenterol. Hepatol. [Internet]. 2012 [cited 2020 Mar 22];9:271-285.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22450306.

Mudie DM, Murray K, Hoad CL, et al. Quantification of gastrointestinal
liquid volumes and distribution following a 240 mL dose of water in the
fasted state. Mol. Pharm. 2014;11:3039-3047.

Liere EJV, Sleeth CK. The emptying time of the normal human stomach



[66]

[67]

[68]

[69]

[70]

[71]

[72]

as influenced by acid and alkali with a review of the literature. Am. J. Dig.
Dis. 1940;7:118-123.

Kato R, Takanaka A, Onoda K, et al. Effect of syrup on the absorption of
drugs from gastrointestinal tract. Jpn. J. Pharmacol. [Internet]. 1969 [cited
2019 Jan 21];19:331-342. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/5307466.

Pestel S, Martin H-J, Maier G-M, et al. Effect of commonly used vehicles
on gastrointestinal, renal, and liver function in rats. J. Pharmacol. Toxicol.
Methods [Internet]. 2006 [cited 2019 Jan 21];54:200-214. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16567111.

Grattan T, Hickman R, Darby-Dowman A, et al. A five way crossover
human volunteer study to compare the pharmacokinetics of paracetamol
following oral administration of two commercially available paracetamol
tablets and three development tablets containing paracetamol in
combination with sodium bicarbonate or calcium carbonate. Eur. J.
Pharm. Biopharm. 2000;49:225—-229.

Hunt JN, Pathak JD. The osmotic effects of some simple molecules and
ions on gastric emptying. J. Physiol. [Internet]. 1960 [cited 2020 Mar
22];154:254—-269. Available from:
http://www.ncbi.nim.nih.gov/pubmed/16992067.

Markl D, Zeitler JA. A Review of Disintegration Mechanisms and
Measurement Techniques. Pharm. Res. [Internet]. 2017 [cited 2019 Jan
30];34:890-917. Available from: http://link.springer.com/10.1007/s11095-
017-2129-z.

Banker GS, Fox SH. The Theory and Practice of Industrial Pharmacy. J.
Pharm. Sci. [Internet]. 1970 [cited 2019 Jan 22];59. Available from:
https://books.google.de/books/about/The_Theory_and_Practice_of Indus
trial_Ph.html?id=p_VsAAAAMAAJ&redir_esc=y.

Corveleyn S, Remon JP. Formulation and production of rapidly

disintegrating tablets by lyophilisation using hydrochlorothiazide as a



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

model drug. Int. J. Pharm. [Internet]. 1997 [cited 2019 Nov 20];152:215-
225. Available from: https://biblio.ugent.be/publication/184182.

Desai PM, Liew CV, Heng PWS. Review of Disintegrants and the
Disintegration Phenomena. J. Pharm. Sci. [Internet]. 2016 [cited 2019 Jan
30];105:2545-2555. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27506604.

Dey P, Maiti S. Orodispersible tablets: A new trend in drug delivery. J.
Nat. Sci. Biol. Med. 2010;1:2-5.

Sheshala R, Khan N, Chitneni M, et al. Formulation and in vivo evaluation
of ondansetron orally disintegrating tablets using different
superdisintegrants. Arch. Pharm. Res. 2011;34:1945—-1956.

Habib W, Khankari R, Hontz J. Fast-dissolve drug delivery systems. Crit.
Rev. Ther. Drug Carrier Syst. [Internet]. 2000 [cited 2019 Nov 20];17:61—
72. Available from: http://www.ncbi.nim.nih.gov/pubmed/10755211.

Yang S, Fu Y, Jeong SH, et al. Application of poly(acrylic acid)
superporous hydrogel microparticles as a super-disintegrant in fast-
disintegrating tablets. J. Pharm. Pharmacol. [Internet]. 2004 [cited 2019
Nov 20];56:429-436. Available from:
http://www.nebi.nlm.nih.gov/pubmed/15099437.

Ozeki T, Yasuzawa Y, Katsuyama H, et al. Design of rapidly
disintegrating oral tablets using acid-treated yeast cell wall: a technical
note. AAPS PharmSciTech [Internet]. 2003 [cited 2019 Nov 20];4:E70.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15198565.

Lozoya-Agullo |, Gonzalez-Alvarez |, Merino-Sanjuan M, et al. Preclinical
models for colonic absorption, application to controlled release
formulation development. Eur. J. Pharm. Biopharm. 2018;130:247-259.

Zhao N, Augsburger LL. Functionality comparison of 3 classes of
superdisintegrants in promoting aspirin tablet disintegration and
dissolution. AAPS PharmSciTech. 2005;6:E634—-E640.



[81]

[82]

[83]

[84]

[85]

[86]

[87]

Nickerson B, Kong A, Gerst P, et al. Correlation of dissolution and
disintegration results for an immediate-release tablet. J. Pharm. Biomed.
Anal. [Internet]. 2018 [cited 2020 Mar 22];150:333-340. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29287259.

Gupta A, Hunt RL, Shah RB, et al. Disintegration of highly soluble
immediate release tablets: a surrogate for dissolution. AAPS
PharmSciTech [Internet]. 2009 [cited 2020 Mar 22];10:495-499. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/19387843.

Koner JS, Rajabi-Siahboomi AR, Missaghi S, et al. Conceptualisation,
Development, Fabrication and In Vivo Validation of a Novel Disintegration
Tester for Orally Disintegrating Tablets. Sci. Rep. [Internet]. 2019 [cited
2020 Mar 22];9:12467. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31462654.

Radwan A, Wagner M, Amidon GL, et al. Bio-predictive tablet
disintegration: Effect of water diffusivity, fluid flow, food composition and
test conditions. Eur. J. Pharm. Sci. [Internet]. 2014 [cited 2019 Sep
27);57:273-279. Available from:
http://www.ncbi.nim.nih.gov/pubmed/24036239.

Radwan A, Amidon GL, Langguth P. Mechanistic investigation of food
effect on disintegration and dissolution of BCS class IIl compound solid
formulations: the importance of viscosity. Biopharm. Drug Dispos.
[Internet]. 2012 [cited 2019 Nov 26];33:403—416. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22782559.

Zaheer K, Langguth P. Formulation strategy towards minimizing viscosity
mediated negative food effect on disintegration and dissolution of
immediate release tablets. Drug Dev. Ind. Pharm. [Internet]. 2018 [cited
2019 Sep 27];44:444-451. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29098885.

Zaheer K, Langguth P. Designing robust immediate release tablet

formulations avoiding food effects for BCS class 3 drugs. Eur. J. Pharm.



[88]

[89]

[90]

[91]

[92]

[93]

[94]

Biopharm. [Internet]. 2019 [cited 2019 Sep 27];139:177-185. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/30902732.

Zarmpi P, Flanagan T, Meehan E, et al. Biopharmaceutical
Understanding of Excipient Variability on Drug Apparent Solubility Based
on Drug Physicochemical Properties. Case Study: Superdisintegrants.
AAPS J. [Internet]. 2020 [cited 2020 Mar 22];22:46. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/32048079.

Yuen KH. The transit of dosage forms through the small intestine. Int. J.
Pharm. [Internet]. 2010 [cited 2019 Jan 21];395:9-16. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20478371.

Adkin D, Davis S, Sparrow R, et al. The effects-of pharmaceutical
excipients on small intestinal transit. Br. J. Clin. Pharmacol. [Internet].
1995 [cited 2019 Jan 21];39:381-387. Available from:
http://doi.wiley.com/10.1111/j.1365-2125.1995.tb04466.x.

Adkin DA, Davis SS, Sparrow RA, et al. The Effect of Different
Concentrations of Mannitol in Solution on Small Intestinal Transit:
Implications for Drug Absorption. Pharm. Res. [Internet]. 1995 [cited 2019
Jan 21];12:393-396. Available from:
http://link.springer.com/10.1023/A:1016256619309.

Basit AW, Podczeck F, Newton JM, et al. Influence of Polyethylene Glycol
400 on the Gastrointestinal Absorption of Ranitidine. Pharm. Res.
[Internet]. 2002 [cited 2019 Jan 21];19:1368-1374. Available from:
http://link.springer.com/10.1023/A:1020315228237.

Basit AW, Newton JM, Short MD, et al. The Effect of Polyethylene Glycol
400 on Gastrointestinal Transit: Implications for the Formulation of Poorly-
Water Soluble Drugs. Pharm. Res. [Internet]. 2001 [cited 2019 Jan
21];18:1146-1150. Available from:
http://link.springer.com/10.1023/A:1010927026837.

Schulze JDRR, Waddington WA, Ell PJ, et al. Concentration-Dependent
Effects of Polyethylene Glycol 400 on Gastrointestinal Transit and Drug



Absorption. Pharm. Res. [Internet]. 2003 [cited 2019 Jan 21];20:1984—
1988. Available from:
http://link.springer.com/10.1023/B:PHAM.0000008046.64409.bd.

[95] Ashiru DAI, Patel R, Basit AW. Polyethylene glycol 400 enhances the
bioavailability of a BCS class Ill drug (ranitidine) in male subjects but not
females. Pharm. Res. 2008;25:2327-2333.

[96] Mai Y, Dou L, Madla CM, et al. Sex-Dependence in the Effect of
Pharmaceutical Excipients: Polyoxyethylated Solubilising Excipients
Increase Oral Drug Bioavailability in Male but Not Female Rats.
Pharmaceutics [Internet]. 2019 [cited 2020 Mar 22];11:228. Available
from: https://www.mdpi.com/1999-4923/11/5/228.

[97] Garcia Pérez WM. Metodologia en el desarrollo de software. Univ. Nac.
la Amaz. Peru. [Internet]. 2015;567. Available from:
https://editorial.edu.umh.es/2015/05/24/metodologias-biofarmaceuticas-

en-el-desarrollo-de-medicamentos/.

[98] Fernandez-Teruel C, Mangas-Sanjuan V, Gonzalez-Alvarez I, et al.
Mathematical modeling of oral absorption and bioavailability of a
fluoroquinolone after its precipitation in the gastrointestinal tract.
Xenobiotica. 2013;43:745-754.

[99] Tsume Y, Mudie DM, Langguth P, et al. The Biopharmaceutics
Classification System: Subclasses for in vivo predictive dissolution (IPD)
methodology and IVIVC. Eur. J. Pharm. Sci. [Internet]. 2014 [cited 2019
Jan 19];57:152-163. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24486482.

[100] Stegemann S, Leveiller F, Franchi D, et al. When poor solubility becomes
an issue: From early stage to proof of concept. Eur. J. Pharm. Sci.
[Internet]. 2007 [cited 2019 Jan 23];31:249-261. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17616376.

[101] Lipinski CA. Drug-like properties and the causes of poor solubility and
poor permeability. J. Pharmacol. Toxicol. Methods [Internet]. 2000 [cited



2019 Jan 23];44:235-249. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11274893.

[102] Rodriguez-hornedo N, Murphy D. Significance of controlling crystallization
mechanisms and kinetics in pharmaceutical systems. J. Pharm. Sci.
[Internet]. 1999 [cited 2019 Jan 23];88:651-660. Available from:
https://www.sciencedirect.com/science/article/pii/S002235491550837 X.

[103] Box K, Comer J, Gravestock T, et al. New Ideas about the Solubility of
Drugs. Chem. Biodivers. [Internet]. 2009 [cited 2019 Jan 23];6:1767—
1788. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19937815.

[104] Yamashita T, Kokubo T, Zhao C, et al. Antiprecipitant Screening System
for Basic Model Compounds Using Bio-Relevant Media. J. Assoc. Lab.
Autom. [Internet]. 2010 [cited 2019 Jan 23];15:306-312. Available from:
http://journals.sagepub.com/doi/10.1016/j.jala.2009.12.001.

[105] Yamashita K, Nakate T, Okimoto K, et al. Establishment of new
preparation method for solid dispersion formulation of tacrolimus. Int. J.
Pharm. [Internet]. 2003 [cited 2019 Jan 24];267:79-91. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14602386.

[106] Gao P, Rush BD, Pfund WP, et al. Development of a supersaturable
SEDDS (S-SEDDS) formulation of paclitaxel with improved oral
bioavailability. J. Pharm. Sci. [Internet]. 2003 [cited 2019 Jan
241;92:2386-2398. Available from:
https://www.sciencedirect.com/science/article/pii/S0022354916313752.

[107] Bi M, Kyad A, Kiang Y-H, et al. Enhancing and Sustaining AMG 009
Dissolution from a Matrix Tablet Via Microenvironmental pH Modulation
and Supersaturation. AAPS PharmSciTech [Internet]. 2011 [cited 2019
Jan 24];12:1157-1162. Available from:
http://link.springer.com/10.1208/s12249-011-9679-x.

[108] Gao P, Guyton ME, Huang T, et al. Enhanced Oral Bioavailability of a
Poorly Water Soluble Drug PNU-91325 by Supersaturatable
Formulations. Drug Dev. Ind. Pharm. [Internet]. 2004 [cited 2019 Jan



241;30:221-229. Available from:
http://www.tandfonline.com/doi/full/10.1081/DDC-120028718.

[109] Li S, Pollock-Dove C, Dong LC, et al. Enhanced Bioavailability of a Poorly
Water-Soluble Weakly Basic Compound Using a Combination Approach
of Solubilization Agents and Precipitation Inhibitors: A Case Study. Mol.
Pharm. [Internet]. 2012 [cited 2019 Jan 23];9:1100-1108. Available from:
http://pubs.acs.org/doi/10.1021/mp200352q.

* Recommendation for the utility of excipients when precipitation of

poorly soluble drugs wants to be avoided.

The Effect of Excipients on the Permeability of BCS Class Ill Compounds and

Implications for Biowaivers_** A very well organized paper on the importance

of excipients in biowaivers of BCS Class 1 and 3.

[110] Savla R, Browne J, Plassat V, et al. Review and analysis of FDA
approved drugs using lipid-based formulations. Drug Dev. Ind. Pharm.
[Internet]. 2017 [cited 2020 Mar 22];43:1743—-1758. Available from:
http://www.ncbi.nlm.nih.gov/ipubmed/28673096.

[111] Pouton CW. Formulation of poorly water-soluble drugs for oral
administration: Physicochemical and physiological issues and the lipid
formulation classification system. Eur. J. Pharm. Sci. 2006;29:278-287.

[112] Pouton CW, Porter CJH. Formulation of lipid-based delivery systems for
oral administration: materials, methods and strategies. Adv. Drug Deliv.
Rev. [Internet]. 2008 [cited 2020 Mar 22];60:625-637. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18068260.

[113] Banerjee S, Pillai J. Solid lipid matrix mediated nanoarchitectonics for
improved oral bioavailability of drugs. Expert Opin. Drug Metab. Toxicol.
[Internet]. 2019 [cited 2020 Mar 22];15:499-515. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31104522.

[114] Talegaonkar S, Bhattacharyya A. Potential of Lipid Nanoparticles (SLNs

and NLCs) in Enhancing Oral Bioavailability of Drugs with Poor Intestinal



Permeability. AAPS PharmSciTech [Internet]. 2019 [cited 2020 Mar
22];20:121. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30805893.

[115] Kalepu S, Manthina M, Padavala V. Oral lipid-based drug delivery
systems — an overview. Acta Pharm. Sin. B. 2013;3:361-372.

[116] Williams HD, Ford L, Igonin A, et al. Unlocking the full potential of lipid-
based formulations using lipophilic salt/ionic liquid forms. Adv. Drug Deliv.
Rev. 2019;142:75-90.

[117] Dumont C, Bourgeois S, Fessi H, et al. Lipid-based nanosuspensions for
oral delivery of peptides, a critical review. Int. J. Pharm. [Internet]. 2018
[cited 2020 Mar 22];541:117-135. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29476783.

[118] Carriere F. Impact of gastrointestinal lipolysis on oral lipid-based
formulations and bioavailability of lipophilic drugs. Biochimie [Internet].
2016 [cited 2020 Mar 22];125:297-305. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26607242.

[119] Feeney OM, Crum MF, McEvoy CL, et al. 50years of oral lipid-based
formulations: Provenance, progress and future perspectives. Adv. Drug
Deliv. Rev. [Internet]. 2016 [cited 2020 Mar 22];101:167-194. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/27089810.

[120] Swarnakar NK, Venkatesan N, Betageri G. Critical In Vitro
Characterization Methods of Lipid-Based Formulations for Oral Delivery: a
Comprehensive Review. AAPS PharmSciTech [Internet]. 2018 [cited
2020 Mar 22];20:16. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30569266.

[121] Beig A, Fine-Shamir N, Lindley D, et al. Advantageous Solubility-
Permeability Interplay When Using Amorphous Solid Dispersion (ASD)
Formulation for the BCS Class IV P-gp Substrate Rifaximin: Simultaneous
Increase of Both the Solubility and the Permeability. AAPS J. [Internet].
2017 [cited 2020 Mar 22];19:806—813. Available from:



[122]

[123]

[124]

[125]

[126]

[127]

[128]

http://www.ncbi.nlm.nih.gov/pubmed/28204967 .

Beig A, Agbaria R, Dahan A. The use of captisol (SBE7-3-CD) in oral
solubility-enabling formulations: Comparison to HPBCD and the solubility-
permeability interplay. Eur. J. Pharm. Sci. [Internet]. 2015 [cited 2020 Mar
22];77:73-78. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26006306.

Dahan A, Beig A, Lindley D, et al. The solubility-permeability interplay and
oral drug formulation design: Two heads are better than one. Adv. Drug
Deliv. Rev. [Internet]. 2016 [cited 2020 Mar 22];101:99—-107. Available
from: http://www.ncbi.nim.nih.gov/pubmed/27129443.

Fine-Shamir N, Dahan A. Methacrylate-Copolymer Eudragit EPO as a
Solubility-Enabling Excipient for Anionic Drugs: Investigation of Drug
Solubility, Intestinal Permeability, and Their Interplay. Mol. Pharm.
[Internet]. 2019 [cited 2020 Mar 22];16:2884—-2891. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31120762.

Porat D, Dahan A. Active intestinal drug absorption and the solubility-
permeability interplay. Int. J. Pharm. 2018;537:84-93.

Sun L, Liu X, Xiang R, et al. Structure-based prediction of human
intestinal membrane permeability for rapid in silico BCS classification.
Biopharm. Drug Dispos. [Internet]. 2013 [cited 2019 Jan 18];34:321-335.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23716273.

Twarog C, Fattah S, Heade J, et al. Intestinal Permeation Enhancers for
Oral Delivery of Macromolecules: A Comparison between Salcaprozate
Sodium (SNAC) and Sodium Caprate (C10). Pharmaceutics. 2019;11:78.

Stepensky D, Friedman M, Srour W, et al. Preclinical evaluation of
pharmacokinetic-pharmacodynamic rationale for oral CR metformin
formulation. J. Control. Release [Internet]. 2001 [cited 2019 Nov
20];71:107-115. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11245912.



[129]

[130]

[131]

[132]

[133]

[134]

[135]

Samiei N, Mangas-Sanjuan V, Gonzalez-Alvarez |, et al. lon-pair strategy
for enabling amifostine oral absorption: Rat in situ and in vivo
experiments. Eur. J. Pharm. Sci. 2013;49:499-504.

Lozoya-Agullo |, Gonzalez-Alvarez |, Gonzalez-Alvarez M, et al.
Development of an ion-pair to improve the colon permeability of a low
permeability drug: Atenolol. Eur. J. Pharm. Sci. [Internet]. 2016 [cited
2019 Nov 20];93:334-340. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27552904.

Goole J, Lindley DJ, Roth W, et al. The effects of excipients on
transporter mediated absorption. Int. J. Pharm. [Internet]. 2010 [cited
2019 Jan 21];393:17-31. Available from:
https://www.sciencedirect.com/science/article/pii/S0378517310002917.

Garrigues TM, Ferez-Varona AT, Bermejo M V., et al. Absorption-partition
relationships for true homologous series of xenobiotics as a possible
approach to study mechanisms of surfactants in absorption. IV.
Phenylacetic acid derivatives and anionic surfactants. Int. J. Pharm.
1992;79:135-140.

Carmona-lbanez G, del Val Bermejo-Sanz M, Rius-Alarco F, et al.
Experimental studies on the influence of surfactants on intestinal
absorption of drugs. Cefadroxil as model drug and sodium taurocholate
as natural model surfactant: studies in rat colon and in rat duodenum.
Arzneimittelforschung. [Internet]. 1999 [cited 2019 Dec 2];49:44-50.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/10028379.

Fabra-Campos S, Real J V, Gomez-Meseguer V, et al. Biophysical
absorption models for phenyl-alkyl acids in the absence and in the
presence of surfactants. Studies in the rat small intestine. Eur. J. Drug
Metab. Pharmacokinet. [Internet]. 1991 [cited 2020 Jan 3];Spec No 3:32—-
42. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1820901.

Martinez-Coscolla A, Miralles-Loyola E, Garrigues TM, et al. Studies on

the reliability of a novel absorption-lipophilicity approach to interpret the



effects of the synthetic surfactants on drug and xenobiotic absorption.
Arzneimittelforschung. [Internet]. 1993 [cited 2019 Dec 2];43:699—-705.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/8352827.

[136] Rege BD, Kao JPY, Polli JE. Effects of nonionic surfactants on membrane
transporters in Caco-2 cell monolayers. Eur. J. Pharm. Sci. 2002;16:237—
246.

[137] Martin GP, Marriott C, Kellaway IW. Direct effect of bile salts and
phospholipids on the physical properties of mucus. Gut [Internet]. 1978
[cited 2019 Jan 21];19:103-107. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/631625.

[138] Tomita M, Hayashi M, Horie T, et al. Enhancement of Colonic Drug
Absorption by the Transcellular Permeation Route. Pharm. Res. [Internet].
1988 [cited 2019 Jan 21];05:786—789. Available from:
http://link.springer.com/10.1023/A:1015992819290.

[139] Rege BD, Yu LX, Hussain AS, et al. Effect of Common Excipients on
Caco-2 Transport of Low-Permeability Drugs. J. Pharm. Sci. [Internet].
2001 [cited 2019 Jan 21];90:1776-1786. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0022354916308668.

[140] Kang ML, Im G Il. Drug delivery systems for intra-articular treatment of
osteoarthritis. Expert Opin. Drug Deliv. 2014;11:269-282.

[141] Takizawa Y, Kishimoto H, Nakagawa M, et al. Effects of pharmaceutical
excipients on membrane permeability in rat small intestine. Int. J. Pharm.
[Internet]. 2013 [cited 2019 Jan 21];453:363—-370. Available from:
http://dx.doi.org/10.1016/j.ijpharm.2013.05.055.

[142] Peppas NA, Kavimandan NJ. Nanoscale analysis of protein and peptide
absorption: Insulin absorption using complexation and pH-sensitive
hydrogels as delivery vehicles. Eur. J. Pharm. Sci. [Internet]. 2006 [cited
2019 Jan 21];29:183-197. Available from:
https://www.sciencedirect.com/science/article/pii/S0928098706001175.



[143]

[144]

[145]

[146]

[147]

[148]

[149]

Larocque G, Arnold AA, Chartrand E, et al. Effect of sodium bicarbonate
as a pharmaceutical formulation excipient on the interaction of fluvastatin
with membrane phospholipids. Eur. Biophys. J. [Internet]. 2010 [cited
2019 Jan 21];39:1637-1647. Available from:
http://link.springer.com/10.1007/s00249-010-0622-y.

Bermejo M, Mangas-Sanjuan V, Gonzalez-Alvarez |, et al. Enhancing
Oral Absorption of B-Lapachone: Progress Till Date. Eur. J. Drug Metab.
Pharmacokinet. [Internet]. 2017 [cited 2020 Mar 25];42:1-10. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/27538882.

Li X, Uehara S, Sawangrat K, et al. Improvement of intestinal absorption
of curcumin by cyclodextrins and the mechanisms underlying absorption
enhancement. Int. J. Pharm. [Internet]. 2018 [cited 2020 Mar
25];535:340-349. Available from:
http://www.ncbi.nim.nih.gov/pubmed/29157961.

Purpura M, Lowery RP, Wilson JM, et al. Analysis of different innovative
formulations of curcumin for improved relative oral bioavailability in
human subjects. Eur. J. Nutr. [Internet]. 2018 [cited 2020 Mar 25];57:929—
938. Available from: http://www.ncbi.nim.nih.gov/pubmed/28204880.

Zhang H, Huang X, Zhang Y, et al. Efficacy, safety and mechanism of
HP-B3-CD-PEI polymers as absorption enhancers on the intestinal
absorption of poorly absorbable drugs in rats. Drug Dev. Ind. Pharm.
[Internet]. 2017 [cited 2020 Mar 25];43:474—482. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27892724.

Wang D, Chen G, Ren L. Preparation and Characterization of the
Sulfobutylether-p-Cyclodextrin Inclusion Complex of Amiodarone
Hydrochloride with Enhanced Oral Bioavailability in Fasted State. AAPS
PharmSciTech [Internet]. 2017 [cited 2020 Mar 25];18:1526—1535.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/27757923.

Maher S, Brayden D, Casettari L, et al. Application of Permeation

Enhancers in Oral Delivery of Macromolecules: An Update.



[150]

[151]

[152]

[153]

[154]

[155]

[156]

Pharmaceutics [Internet]. 2019 [cited 2019 Oct 17];11:41. Available from:
http://www.mdpi.com/1999-4923/11/1/41.

Zhang H, Yao M, Morrison RA, et al. Commonly used surfactant, Tween
80, improves absorption of P-glycoprotein substrate, digoxin, in rats. Arch.
Pharm. Res. [Internet]. 2003 [cited 2019 Jan 21];26:768—772. Available
from: http://link.springer.com/10.1007/BF02976689.

Lo YL. Relationships between the hydrophilic-lipophilic balance values of
pharmaceutical excipients and their multidrug resistance modulating
effect in Caco-2 cells and rat intestines. J. Control. Release. 2003;90:37—
48.

Shen Q, Lin Y, Handa T, et al. Modulation of intestinal P-glycoprotein
function by polyethylene glycols and their derivatives by in vitro transport
and in situ absorption studies. Int. J. Pharm. [Internet]. 2006 [cited 2019
Jan 21];313:49-56. Available from:
https://www.sciencedirect.com/science/article/pii/S0378517306000652.

Brouwers J, Tack J, Lammert F, et al. Intraluminal drug and formulation
behavior and integration in in vitro permeability estimation: a case study
with amprenavir. J. Pharm. Sci. [Internet]. 2006 [cited 2019 Nov
20];95:372-383. Available from:
http://www.ncbi.nim.nih.gov/pubmed/16374852.

Collnot EM, Baldes C, Schaefer UF, et al. Vitamin e TPGS P-glycoprotein
inhibition mechanism: Influence on conformational flexibility, intracellular
ATP levels, and role of time and site of access. Mol. Pharm. 2010;7:642—
651.

Batrakova E V., Li S, Li Y, et al. Effect of Pluronic P85 on ATPase Activity
of Drug Efflux Transporters. Pharm. Res. [Internet]. 2004 [cited 2019 Jan
21];21:2226-2233. Available from:
http://link.springer.com/10.1007/s11095-004-7675-5.

Sawangrat K, Yamashita S, Tanaka A, et al. Modulation of Intestinal

Transport and Absorption of Topotecan, a BCRP Substrate, by Various



[157]

[158]

[159]

[160]

[161]

[162]

Pharmaceutical Excipients and Their Inhibitory Mechanisms of BCRP
Transporter. J. Pharm. Sci. 2019;

Yamagata T, Kusuhara H, Morishita M, et al. Improvement of the oral
drug absorption of topotecan through the inhibition of intestinal xenobiotic
efflux transporter, breast cancer resistance protein, by excipients. Drug
Metab Dispos [Internet]. 2007 [cited 2019 Nov 22];35:1142-1148.
Available from:
http://dmd.aspetjournals.org/cgi/content/abstract/dmd.106.014217v1%5C
npapers2://publication/doi/10.1124/dmd.106.014217.

Nielsen CU, Abdulhussein AA, Colak D, et al. Polysorbate 20 increases
oral absorption of digoxin in wild-type Sprague Dawley rats, but not in
mdria(-/-) Sprague Dawley rats. Int. J. Pharm. [Internet]. 2016 [cited 2019
Sep 27];513:78-87. Available from:
http://www.ncbi.nim.nih.gov/pubmed/27601334.

Arima H, Yunomae K, Morikawa T, et al. Contribution of cholesterol and
phospholipids to inhibitory effect of dimethyl-beta-cyclodextrin on efflux
function of P-glycoprotein and multidrug resistance-associated protein 2
in vinblastine-resistant Caco-2 cell monolayers. Pharm. Res. [Internet].
2004 [cited 2019 Nov 20];21:625-634. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15139519.

Arima H, Yunomae K, Hirayama F, et al. Contribution of P-glycoprotein to
the Enhancing Effects of Dimethyl-B-cyclodextrin on Oral Bioavailability of
Tacrolimus. J. Pharmacol. Exp. Ther. 2001;297.

Ferté J. Analysis of the tangled relationships between P-glycoprotein-
mediated multidrug resistance and the lipid phase of the cell membrane.
Eur. J. Biochem. [Internet]. 2000 [cited 2019 Jan 21];267:277-294.
Available from: http://doi.wiley.com/10.1046/j.1432-1327.2000.01046.x.

Bromberg L, Alakhov V. Effects of polyether-modified poly(acrylic acid)
microgels on doxorubicin transport in human intestinal epithelial Caco-2
cell layers. J. Control. Release [Internet]. 2003 [cited 2019 Jan 21];88:11—



[163]

[164]

[165]

[166]

[167]

[168]

[169]

22. Available from:
https://www.sciencedirect.com/science/article/pii/S0168365902004194.

Suzuki M, Komura H, Yoshikawa T, et al. Characterization of
gastrointestinal absorption of digoxin involving influx and efflux transporter
in rats: Application of mdr1a knockout (-/-) rats into absorption study of
multiple transporter substrate. Xenobiotica [Internet]. 2014 [cited 2019
Sep 27];44:1039-1045. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24839994.

Caldeira TG, Ruiz-Picazo A, Lozoya-Agullo |, et al. Determination of
intestinal permeability using in situ perfusion model in rats: Challenges
and advantages to BCS classification applied to digoxin. Int. J. Pharm.
[Internet]. 2018;551:148-157. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0378517318306732.

Tayrouz Y, Ding R, Burhenne J, et al. Pharmacokinetic and pharmaceutic
interaction between digoxin and Cremophor RH40. Clin. Pharmacol. Ther.
[Internet]. 2003 [cited 2019 Jan 21];73:397—405. Available from:
http://doi.wiley.com/10.1016/S0009-9236(03)00059-6.

Maher S, Mrsny RJ, Brayden DJ. Intestinal permeation enhancers for oral
peptide delivery. Adv. Drug Deliv. Rev. [Internet]. 2016 [cited 2019 Nov
25];106:277-319. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27320643.

McCartney F, Gleeson JP, Brayden DJ. Safety concerns over the use of
intestinal permeation enhancers: A mini-review. Tissue Barriers [Internet].
2016 [cited 2019 Nov 25];4:e1176822. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27358756.

Fox CB, Kim J, Le L V, et al. Micro/nanofabricated platforms for oral drug
delivery. J. Control. Release [Internet]. 2015 [cited 2019 Nov
25];219:431-444. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26244713.

Maher S, Wang X, Bzik V, et al. Evaluation of intestinal absorption and



mucosal toxicity using two promoters. Il. Rat instillation and perfusion
studies. Eur. J. Pharm. Sci. 2009;38:301-311.

[170] Sharma P, Varma MVS, Chawla HPS, et al. Absorption enhancement,
mechanistic and toxicity studies of medium chain fatty acids, cyclodextrins

and bile salts as peroral absorption enhancers. Farmaco. 2005;60:884—
893.

[171] Lucarini S, Fagioli L, Cavanagh R, et al. Synthesis, structure—activity
relationships and in vitro toxicity profile of lactose-based fatty acid
monoesters as possible drug permeability enhancers. Pharmaceutics.
2018;10.

[172] Uchiyama T, Sugiyama T, Quan Y-S, et al. Enhanced Permeability of
Insulin across the Rat Intestinal Membrane by Various Absorption
Enhancers: Their Intestinal Mucosal Toxicity and Absorption-enhancing
Mechanism of n-Lauryl-B-D-maltopyranoside. J. Pharm. Pharmacol.
1999;51:1241-1250.

[173] Moroz E, Matoori S, Leroux JC. Oral delivery of macromolecular drugs:
Where we are after almost 100 years of attempts. Adv. Drug Deliv. Reuv.
2016;101:108-121.

[174] Dahlgren D, Roos C, Lundqvist A, et al. Time-dependent effects on small
intestinal transport by absorption-modifying excipients. Eur. J. Pharm.
Biopharm. 2018;132:19-28.

[175] Dahigren D, Roos C, Lundqvist A, et al. Effect of absorption-modifying
excipients, hypotonicity, and enteric neural activity in an in vivo model for
small intestinal transport. Int. J. Pharm. 2018;549:239-248.

[176] Dahlgren D, Roos C, Johansson P, et al. The effects of three absorption-
modifying critical excipients on the in vivo intestinal absorption of six
model compounds in rats and dogs. Int. J. Pharm. 2018;547:158—-168.

** Paper of interest for exploring different in vivo methodologies to study

the effect of excipients on absorption process.



[177] Kolte BP, Tele KV., Mundhe VS, et al. Colon Targeted Drug Delivery
System — A Novel Perspective. Asian J. Biomed. Pharm. Sci. [Internet].
2012 [cited 2019 Nov 20];2:21-28. Available from:
https://www.alliedacademies.org/abstract/colon-targeted-drug-delivery-

system--a-novel-perspective-4832.html.

[178] Chourasia MK, Jain SK. Pharmaceutical approaches to colon targeted
drug delivery systems. J. Pharm. Pharm. Sci. 2003;6:33-66.

[179] Patel MM. Cutting-edge technologies in colon-targeted drug delivery
systems. Expert Opin. Drug Deliv. [Internet]. 2011 [cited 2019 Nov
20];8:1247-1258. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21933030.

[180] Muraoka M, Hu Z, Shimokawa T, et al. Evaluation of intestinal pressure-
controlled colon delivery capsule containing caffeine as a model drug in
human volunteers. J. Control. Release [Internet]. 1998 [cited 2019 Nov
20];52:119-129. Available from:
http://www.ncbi.nim.nih.gov/pubmed/9685942.

[181] Singh K, Walia MK, Agarwal G, et al. Osmotic Pump Drug Delivery
System: A Noval Approach. J. Drug Deliv. Ther. 2013;3.

[182] Gupta RN, Gupta R, Basniwal PK, et al. Osmotically Controlled Oral Drug
Delivery Systems: A Review. Int. J. Pharm. Sci. [Internet]. 2009 [cited
2019 Nov 20];1:269-275. Available from:
https://www.researchgate.net/publication/270823132_Osmotically _Contro
lled_Oral_Drug_Delivery_Systems_A_ Novel_Approach.

[183] Singh KI, Singh J, Sharma D, et al. Colon specific drug delivery system:
Review on novel approaches. Int. J. Pharm. Sci. Res. [Internet]. 2012
[cited 2019 Nov 20];3:637—647. Available from: http://ijpsr.com/bft-
article/colon-specific-drug-delivery-system-review-on-novel-approaches/.

[184] Lozoya-Agullo |, Aratjo F, Gonzélez-Alvarez |, et al. PLGA nanoparticles
are effective to control the colonic release and absorption on ibuprofen.
Eur. J. Pharm. Sci. [Internet]. 2018 [cited 2019 Nov 20];115:119-125.



Available from: http://www.ncbi.nlm.nih.gov/pubmed/29248559.

[185] Lozoya-Agullo I, Planelles M, Merino-Sanjuan M, et al. lon-pair approach
coupled with nanoparticle formation to increase bioavailability of a low
permeability charged drug. Int. J. Pharm. 2019;557:36—42.

[186] Gonzalez-Alvarez M, Coll C, Gonzalez-Alvarez |, et al. Gated
Mesoporous Silica Nanocarriers for a “Two-Step” Targeted System to
Colonic Tissue. Mol. Pharm. [Internet]. 2017 [cited 2019 Nov
20];14:4442-4453. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29064714.

[187] Campifiez MD, Benito E, Romero-Azogil L, et al. Development and
characterization of new functionalized polyurethanes for sustained and
site-specific drug release in the gastrointestinal tract. Eur. J. Pharm. Sci.
[Internet]. 2017 [cited 2019 Nov 20];100:285-295. Available from:
http://www.ncbi.nim.nih.gov/pubmed/28108361.

[188] Alshahrani SM, Alshetaili AS, Alalaiwe A, et al. Anticancer Efficacy of
Self-Nanoemulsifying Drug Delivery System of Sunitinib Malate. AAPS
PharmSciTech. 2018;19:123-133.

[189] Kolter K, Guth F. Development of New Excipients. Pharm. Excipients
Prop. Funct. Appl. Res. Ind. [Internet]. Hoboken, NJ, USA: John Wiley &
Sons, Inc.; 2016 [cited 2019 Nov 20]. p. 269-301. Available from:
http://doi.wiley.com/10.1002/9781118992432.ch7.

* Recommended to understand the difficulties that can arise when

developing a new excipient.

[190] Kortejarvi H, Malkki J, Shawahna R, et al. Pharmacokinetic simulations to
explore dissolution criteria of BCS i and Il biowaivers with and without
MDR-1 efflux transporter. Eur. J. Pharm. Sci. 2014;

[191] Kambayashi A, Kiyota T, Fujiwara M, et al. PBPK modeling coupled with
biorelevant dissolution to forecast the oral performance of amorphous

solid dispersion formulations. Eur. J. Pharm. Sci. 2019;



[192] Kesisoglou F, Mitra A. Application of Absorption Modeling in Rational
Design of Drug Product Under Quality-by-Design Paradigm. AAPS J.
2015;

[193] Chow ECY, Talattof A, Tsakalozou E, et al. Using Physiologically Based
Pharmacokinetic (PBPK) Modeling to Evaluate the Impact of
Pharmaceutical Excipients on Oral Drug Absorption: Sensitivity Analyses.
AAPS J. 2016;

[194] Cornaire G, Woodley J, Hermann P, et al. Impact of excipients on the
absorption of P-glycoprotein substrates in vitro and in vivo. Int. J. Pharm.
2004;278:119-131.

* Paper of interest for showing the high sensitivity of some carriers to

excipients.

[195] Akers MJ, Lach JL, Fischer LJ. Alterations in absorption of dicumarol by
various excipient materials. J. Pharm. Sci. [Internet]. 1973 [cited 2019
Nov 22];62:391-395. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/4120637.

[196] Legen I, KraCun M, Salobir M, et al. The evaluation of some
pharmaceutically acceptable excipients as permeation enhancers for
amoxicillin. Int. J. Pharm. 2006;308:84—89.

[197] Oda M, Saitoh H, Kobayashi M, et al. 3-Cyclodextrin as a suitable
solubilizing agent for in situ absorption study of poorly water-soluble
drugs. Int. J. Pharm. 2004;280:95-102.

[198] Jones DS, Dressman JB, Loftsson T, et al. Pharmacokinetics of
cyclodextrins and drugs after oral and parenteral administration of

drug/cyclodextrin complexes. J. Pharm. Pharmacol. 2016;68:544—-555.

[199] Hugger ED, Audus KL, Borchardt RT. Effects of Poly ( ethylene glycol )
on Efflux Transporter Activity in Caco-2 Cell Monolayers. 2002;91:1980—
1990.



[200] Hugger ED, Novak BL, Burton PS, et al. A comparison of commonly used
polyethoxylated pharmaceutical excipients on their ability to inhibit P-
glycoprotein activity in vitro. J. Pharm. Sci. 2002;91:1991-2002.

[201] Yamagata T, Kusuhara H, Morishita M, et al. Effect of excipients on
breast cancer resistance protein substrate uptake activity. J. Control.
Release [Internet]. 2007 [cited 2019 Nov 22];124:1-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17900739.

[202] Hanke U, May K, Rozehnal V, et al. Commonly used nonionic surfactants
interact differently with the human efflux transporters ABCB1 (p-
glycoprotein) and ABCC2 (MRP2). Eur. J. Pharm. Biopharm. [Internet].
2010;76:260—-268. Available from:
http://dx.doi.org/10.1016/j.ejpb.2010.06.008.

[203] Wagner D, Spahn-Langguth H, Hanafy A, et al. Intestinal drug efflux:
Formulation and food effects. Adv. Drug Deliv. Rev. 2001;50.

[204] Parr A, Hidalgo IJ, Bode C, et al. The Effect of Excipients on the
Permeability of BCS Class IIl Compounds and Implications for
Biowaivers. Pharm. Res. [Internet]. 2016;33:167—176. Available from:
http://dx.doi.org/10.1007/s11095-015-1773-4.

** A very well organized paper on the importance of excipients in

biowaivers of BCS Class 1 and 3.

[205] Cuomo J, Appendino G, Dern AS, et al. Comparative absorption of a
standardized curcuminoid mixture and its lecithin formulation. J. Nat.
Prod. 2011;74:664—669.

[206] Nakano M. Effects of interaction with surfactants, adsorbents, and other
substances on the permeation of chlorpromazine through a dimethyl
polysiloxane membrane. J. Pharm. Sci. [Internet]. 1971 [cited 2019 Nov
22];60:571-575. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/5128367.

[207] Richards RM, Xing JZ, Mackay KM. Excipient interaction with



[208]

[209]

[210]

[211]

[212]

[213]

cetylpyridinium chloride activity in tablet based lozenges. Pharm. Res.
[Internet]. 1996 [cited 2019 Nov 22];13:1258-1264. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8865323.

Vaithianathan S, Haidar SH, Zhang X, et al. Effect of Common Excipients
on the Oral Drug Absorption of Biopharmaceutics Classification System
Class 3 Drugs Cimetidine and Acyclovir. J. Pharm. Sci. [Internet]. 2016
[cited 2019 Nov 27];105:996-1005. Available from:
https://kopernio.com/viewer?doi=10.1002/jps.24643&token=WzEzNTA1M
TcesljEwLjEwMDIvanBzLjIONjQzI10.vbaOHotMhjhrTY8aJr8so-gbv\Ww.

Chowdary KPR, Suresh Babu KVV. Dissolution, bioavailability and
ulcerogenic studies on solid dispersions of indomethacin in water soluble
cellulose polymers. Drug Dev. Ind. Pharm. 1994;20:799-813.

Krylova OO, Pohl P. lonophoric Activity-of Pluronic Block Copolymers.
Biochemistry. 2004;43:3696—-3703.

Shen Q, Wang L, Huang Y, et al. Oriented aggregation and novel phase
transformation of vaterite controlled by the synergistic effect of calcium
dodecyl sulfate and n-pentanol. J. Phys. Chem. B [Internet]. 2006 [cited
2019 Nov 22];110:23148-23153. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17107157.

Singh P, Guillory JK, Sokoloski TD, et al. Effect of inert tablet ingredients
on drug absorption. |. Effect of polyethylene glycol 4000 on the intestinal
absorption of four barbiturates. J. Pharm. Sci. [Internet]. 1966 [cited 2019
Nov 22];55:63-68. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/5918653.

Li GF, Tan YF, Guo D, et al. [Effect of Tween-80 on the permeability of
rhodamine 123, a P-gp substrate across rat intestinal membranes in
vitro]. Nan Fang Yi Ke Da Xue Xue Bao [Internet]. 2008;28:579-581.
Available from:
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed
&dopt=Citation&list_uids=18495595.



[214] Li M, Si L, Pan H, et al. Excipients enhance intestinal absorption of
ganciclovir by P-gp inhibition: Assessed in vitro by everted gut sac and in
situ by improved intestinal perfusion. Int. J. Pharm. [Internet].
2011;403:37-45. Available from:
http://dx.doi.org/10.1016/j.ijpharm.2010.10.017.

[215] Cornaire G, Woodley JF, Saivin S, et al. Effect of polyoxyl 35 castor oll
and Polysorbate 80 on the intestinal absorption of digoxin in vitro.
Arzneimittel-Forschung/Drug Res. 2000;50:576-579.

[216] Thi H, Tran T, Ha P, et al. New findings on melatonin absorption and
alterations by pharmaceutical excipients using the Ussing chamber

technique with mounted rat gastrointestinal segments. 2009;378:9-16.

[217] Chang T, Benet LZ, Hebert MF. The effect of water-soluble vitamin E on
cyclosporine pharmacokinetics in healthy volunteers. Clin. Pharmacol.
Ther. 1996;59:297-303.





