Chauhan NS, Alam S, Mittal A, Bajaj U (2013) A Description on Study of Intestinal Barrier, Drug Permeability and Permeation Enhancers. Int J Clin Pharmacol Toxicol. 2(5), 73-81.

International Journal of Clinical Pharmacology & Toxicology (1)CPT)
ISSN 2167-910X

A Description on Study of Intestinal Barrier, Drug Permeability and Permeation Enhancers

Chauhan NS", Alam S$? Mittal A, Bajaj U?

Reserch Article

! Department of Pharmaceutics, KIET School of Pharmacy, Ghaziabad, India.
*Department of Pharma-Chemistry, KIET School of Pharmacy, Ghaziabad, India.
*Department of Pharmacology, KIET School of Pharmacy, Ghaziabad, India.

Abstract

Penetration enhancers are present in a large number of transdermal, dermatological, and cosmetic products to aid dermal absorption of
curatives and aesthetics. Delivery of hydrophilic drug by per oral route has always fascinated the researchers. Hydrophilic drugs show
low bioavailability through oral administration because of their poor intestinal permeation & absorption. In the last few years there has
been great interest focused on search of different intestinal permeation enhancers for the oral delivery of BCS class III drugs, small polar
molecules, vaccines, hormones, peptides and proteins, which are well suitable for the delivery of the above products to give enhanced bio-
availability by increasing intestinal permeability. This review targets to discuss functioning, anatomy and physiology of the intestinal barrier,

drug absorption from intestinal tract, mechanism of intestinal drug permeability, detail information about intestinal permeation enhancers

and its mechanism of action, invitro methods for studying drug permeability, and importantly the advantages and applications of newer

permeation enhancers
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Introduction

To optimize bioavailability of orally administrated drug is one of
the most important aims for the pharmaceutical research arena.
Transport across mucosal membranes is a fundamental step for
oral absorption and systemic availability. The drugs which are
small and lipophilic in nature are easily permeated through the in-
testinal barrier whereas oral administration of macromolecules
are restricted by the intestinal epithelial barrier which results in
greatly reduced bioavailability .A great number of currently avail-
able drugs fall under the class 111 of the biopharmaceutical clas-
sification system1, possess high therapeutic potential but cannot
be delivered by oral route because of its poor permeation across
the GIT epithelia. In genera[1], these are hydrophilic compounds,
of medium to high-molecular weight, and sometimes contain-
ing strongly charged functional groups implying that transport
across the intestinal barrier occurs essentially via the paracellular
pathway. The contribution of the latter to intestinal absorption
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is considered to be small, since this pathway occupies less than
0.1% of the total surface area of the intestinal epithelium, and
the presence of tight junctions (T]) between the epithelial cells
limits drug absorption. These drugs have low intrinsic membrane
permeability, probably because of their low lipophilicity and zwit-
terion character at physiological pH or act as a substrate to drug
efflux pumps like p-glycoprotein, ionic charge and high molecular
weight. WHO listed out the BCS class III drugs, they are shown
in below Table-1

Diffusion Through Skin

Fick’s 2nd Law of diffusion

dC/ dt =D d2C/dx2
Where,
C = Conc. Of drug
X = space co-ordinate
D = Diffusion coefficient

t = Time

Under steady state condition,

dm/dt =DCO/h - @)
Where,
m= cumulative mass of drug that passes per unit
area of membrane in time t
CO0 = Conc. of diffusant in the first layer of mem-
brane at the skin surface
h = Membrane thickness
CO=PCO0
Where, P = Partition coefficient

Substituting eq. (3) in eq. (2) gives
dn/dt =DCOP/h
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Drugs Solubility | Permeability Therapeutic activity
Acyclovir High Low Antiherpes
Amoxicillin High Low Antibacterial
Atenolol High Low Antianginal,
Benznidazole High Low American tripanosomiasis
Chloramphenicol High Low Antibacterial
ChlorpromazineHcl | High Low Psychotherapeutic
Codeine phosphate High Low Opioid analgesic
Didanosine High Low Antiretroviral
Enalapril High Low Antihypertensive
Ergocalciferol High Low Vitamin
Ethambutal Hel High Low Antituberculosis
Folic acid High Low Antianaemia
HydralazineHcl High Low Antihypertensive
Hydrochlorothiazide | High Low Diuretic
Levothyroxine Na salt | High Low Thyroid hormone
Mannitol High Low Osmotic diuretic
a-Methyldopa High Low Antihypertensive
Metoclopramide Hel | High Low Anti-emetic
Neostigmine bromide | High Low Muscle relaxant
Penicillamine High Low Antibacterial

From equation it can be seen that :

*  Diffusion coefficient of drug in stratum corneum.

*  Dissolved effective conc. of drug in the vehicle.

*  Partition coefficient of drug between the formulation & stra-
tum corneum.

¢ Membrane thickness.

Physiology of Barriers

The barrier is composed of a single layer of columnar epithelial
cells, primarily enterocytes and goblet cells, joined at their apical
surfaces by tight junctions|2].

Tight junctions and epithelial barrier function

Tight junctions restrict epithelial cells immediately below the
brush border forming a seal between neighbouring epithelial cells.
This seal acts as a gate to restrict passage of small molecules in
a charge specific manner and completely occludes diffusion of
molecules with molecular radii larger than 0.1nm. In addition,
the tight junction acts as a fence that separates components of
the apical and basolateral domains of the epithelial plasma mem-
brane|3].

Biochemical composition of the tight junctions

The biochemical composition|4] of tight junctions is still being
elucidated, but many of the key components have been identi-
fied. It is currently recognized that the tight junctions primarily
are complex multicomponent protein structures. Identification of
the principal transmembrane component has only recently come
to light and it is now known that the tight junction is composed
of a homotypic protein termed occludin. Other tight junctional
complex proteins which have been identified are ZO-15, claudin.
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All of these proteins are oriented peripheral to the cytoplasmic
surface of the tight junction complex and are thought to be in-
volved in the stabilization and/or regulation of tight junction in-
tegrity.

Regulation of tight junction permeability

The tight junction complex is not a static structural component as
once was thought, but slightly resembles a dynamic and elaborate
protein signalling complex. Regulation of tight junction paracel-
lular permeability by various physiological, pathological, and ex-
perimental agents has been extensively examined in a number of
in situ and in vitro culture models, particulatly Caco-26, brain en-
dothelial, and MDCK cells. Peptide hormones, cytoskeleton pet-
turbing agents, oxidants, Ca++ chelators and ionophores has all
been shown to alter paracellular permeability by disrupting tight
junctions. In addition, it has been determined that tight junction
permeability is influenced by nearly all second messenger and sig-
nalling pathways, such as tyrosine kinases, Ca++, protein kinase C
(PKC), protein kinase A (PKA), G proteins, calmodulin, CAMP,
and phospholipase C.. Two factors which appear to play a promi-
nent role in the regulation of paracellular permeability by absorp-
tion enhancers are contraction of the perijunctional actinmyosin
ring, and protein kinase or phosphatase mediated changes in tight
junction protein phosphorylation[16].

Role of the perijunctional actinmyosin ring

Adjacent to the tight junction in the cytoplasm is an actinmyosin
ring which restricts the cell. This ring is associated with both the
tight and intermediate junctional complexes and can contract ex-
erting an inward force on the lateral plasma membrane[17]. Such
contractions are ATP-dependent and have been correlated with
a loosening of the tight junctions indicating that contractions of
the perijunctional ring pull on tight junction components and
induce changes in paracellular permeability between neighbour-
ing cells. Further evidence for a physical link between the peri-
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Figure 1: Biochemical composition of tight junction

Left: The functional complex located in the apical part of the adjacent enterocytes is formed by tight junctions, zonula adherents and macula adher-

ens or desmosomes. The tight junctions area is expanded at right. Right: schematic representation of the protein interactions at tight junctions. The

strands at the paracellular space are formed by two tetra-spanning transmembrane proteins of the occludin and claudins family. The COOH terminals
of both occludin and claudins bind to a family of highly related cytoplasmic proteins called ZOs (ZO-1, ZO-2, ZO-3). This interaction is only repre-
sented in one part of the illustration. Other proteins have been localized to the cytoplasmic surface of tight junction, though they are not represented

[15].
junctional actin-myosin ring and tight junctions has been inferred
by direct observation of tight junction-associated actin and by
observations showing disruption in the structure and integrity
of tight junctions by agents which disrupt actin filaments (e.g
cytochalasin D) possible to visualize the perijunctional actin-
myosin ring by staining actin filaments with fluorescent labeled
phalloidin|7]. Using this approach global changes in actin distri-
bution have been documented with some tight junction disrupt-
ing agents including oxidants , protein kinase C activators , Ca++
depletion , and cytoskeleton disrupting agents while more subtle
changes have been observed with other tight junction disrupting
agents (i.e. interferon-y)[18] .

Role of calcium

Extracellular calcium levels play a prominent role in the forma-
tion and regulation of tight junctions and paracellular perme-
ability. Adhesion at the adherence junction is mediated by cad-
herin’s|7]which are Ca**dependent, cell-cell adhesion molecules
that interact homotypically. Removal of Ca** has been known for
many years to lead to an increase in tight-junction permeability
and cause a redistribution of tight junction proteins. It appears
that it is the disruption of cadherin adhesiveness by removal of
Cat" rather than a direct effect on the tight junction, which leads
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to the increase in paracellular permeability. In addition, sensitivity
of cadherin adhesiveness to Ca**can be modulated by intracellu-
lar signalling events, such as. Tyrosine phosphorylation[19].

Whereas extracellular Ca is required for formation and mainte-
nance of tight junctions, intracellular Ca++may be involved in
regulation of tight junction permeability. In isolated hepatocyte
couplets (another cell model commonly used to investigate tight
junction regulation), A calcium channel blocker has been shown
to increase paracellular permeability with an accompanying inhi-
bition of intracellular calcium.

Role of CAMP

Intracellular CAMP 8alters paracellular permeability by reducing
NaCl diffusion potentials and increase passive permeability to Cl-
as well as Cl: Na permeability ratios in intestinal and gall bladder
epithelium. CAMP may also decrease tight junction resistance,
but this effect may be masked by the increased resistance that ac-
companies collapse of the lateral spaces. The exact role of CAMP
in regulation of tight junction is not yet clear.[20]

Role of ATP depletion

~
Q1
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Under normal physiological conditions, the tight junction is
maintained by an energy-dependent (ATP) process involving the
actin cytoskeleton and tight junctions[21]. Alteration in cellular
energy status, a decrease in adenosine triphosphate (ATP) levels,
has been shown to disrupt epithelial barrier function and increase
permeability. Energy depletion results in net loss of phosphoryla-
tion of brush border, and possibly junctional, proteins.

Drug Absorption from the Gastro-Intestinal Tract

Drug absorption following oral administration is a fairly complex
Depending on the physicochemical properties of the drug, dis-
solution rate or the transport rate across the intestinal epithelium

may be the rate limiting step for drugs to enter the systemic cir-
culation|22].

Mechanisms of intestinal drug permeability

The intestinal mucosa can be considered as a system of sequential
barriers to drug absorption, the outermost barrier being the mu-
cus layer and the unstirred water layer. The gel-like structure of
the mucus is thought to be a sequential series of events outlined
in the given figure below|[23].

Barriers to absorption of highly lipophilic drugs and some pep-
tides because of the restricted diffusion in this matrix. The ab-

Figure 2: Drug absorption from the GI tract

Figure 3: The absorptive epithelium lining of the GI tract

villus tip absorptive cell average pore
radius <6A

Basal part of the villus migrating entero-
cytes Average pore radius 10-15 A
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Crypts
cell division

Epithelial cell lining

average pore radius 50-60 A
(Inaccessible to drug absorption)
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Figure 4. Mechanisms of intestinal drug permeability

sorptive epithelium lining the GI tract follows the folds and villi
that increase the anatomical surface area of the mucosa several-
fold in the small intestine. The villi are interspaced with crypts in
which the regeneration of intestinal cells occurs. In between the
crypts and the tips of the villi are the basal parts of the villi. The
properties which are relevant for drug absorption differ between
the cells along the crypt-villus axis[9]

The main purpose of the intestinal epithelium is not only to re-
strict access and in this way protect the body from harmful agents,
but also, to allow selective absorption of nutrients and secretion
of waste products and xenobiotic [24| Schematic illustration of
the different transport routes that are relevant for drug absorp-
tion.|25]

Passive transcellular transport

Drug transport via the passive transcellular route requires that
the solute permeates the apical cell membrane. Cell membranes
are made up of phospholipids arranged in bilayers that are in-
termingled with membrane proteins. The composition of phos-
pholipids and proteins varies from cell type to cell type and may
theoretically give rise to different permeability properties depend-
ing on the cell type. In addition, the intestinal enterocytes have a
polarized cell membrane with distinct differences in membrane
composition in the apical and the basolateral membrane[20]. It is
generally believed that the apical membrane has a lower perme-
ability than the basolateral membrane and the former is therefore
considered to be the rate limiting barrier to passive transcellular
drug transport.

Active transport

Transport proteins embedded in the apical cell membrane actively
shunt nutrients such as peptides, amino acids and sugars across
the phospholipid bilayer. In order to restrict access of unwant-
ed solutes via this pathway, these transporters display substrate
specificity. Therefore, in order to utilize this pathway to increase
absorption, the drug has to share some structure similarity with
the normal substrate. A limited number of drugs are substrates
for uptake carrier proteins. These include some cephalosporin
antibiotics, cytostatic and angiotensin-converting enzyme (ACE)
inhibitors that are substrates for oligopeptide transporters. The
oligopeptide transporters have unusually broad substrate speci-
ficity, are abundantly expressed in the small intestine[38] and
have therefore been the deliberate target for redesigning phar-
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maceuticals such as antiviral drugs to make them substrates for
this transport protein[27]. Common to all absorption processes
involving transport proteins is that they are saturable. Drugs that
are substrates for an active transport protein can therefore display
a non-linear dose-response relationship resulting in a decreasing
absorbed fraction with an increasing dose. In addition, these pro-
teins are transporters of nutrients, and therefore their capacity is
likely to be influenced by food intake.

These factors may complicate the oral delivery of drugs that are
absorbed by active mechanisms|28]. In contrast to transport pro-
teins acting in the absorptive direction, the active efflux proteins
secrete certain drugs that are substrates for these efflux proteins.
The most well-studied efflux proteins belong to the adenosine
triphosphate (ATP)-binding cassette (ABC) super-family of
membrane transporters. These include the multi-drug resistance
[1] MDR1; ABCB1) gene product P-gp and the multi-drug re-
sistance protein family (MRP; ABCC). More recently the breast
cancer related protein (BCRP, ABCG2) has been identified as po-
tential contributor in actively limiting oral bioavailability of some
drugs. The function of the efflux proteins in the intestine may be
to prevent the uptake of toxic substances and also, to eliminate
such substances from the blood|29].

Paracellular transport

Drugs of small to moderate molecular weights (MWs) can per-
meate the intestinal epithelium through the water-filled pores be-
tween the cells. This process is known as paracellular transport,
and is generally considered to be a passive process, even if this
pathway appears to be selective for cationic rather than anionic
and neutral drugs[30]. The paracellular pathway has also been
shown to be saturable, by at least two separate mechanisms, one
of which involves an intracellular process. The paracellular per-
meability is dynamically regulated and varies both along the path
of the intestine and along the crypt-villus axis. The average pore
radius of the human small intestine is 8~13 A, which will limit the
paracellular permeability of drugs >4 A and restrict those >15 A.
The colon is even more size-discriminating since the paracellular
pathway restricts drugs<3.5A10

Intestinal Permeation Enhancers

These are the excipients which increase the intestinal permeability
of poortly absorbed drugs in the small intestine and improve the
oral bioavailability. These substances promote the permeability of

~

~
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pootly permeable drugs mainly by opening the tight junctions,
leading to the increased paracellular permeability[31].

Mechanism of permeability enhancers

Surfactants: Disruption of intestinal epithelial cell membrane
leads to increase in the permeability of drugs that cross the intes-
tinal barrier through transcellular mechanism[32].

Fatty acids & its derivatives: Based on the research conducted
in the last decade it has become clear that several sodium salts
of medium chain fatty acids are able to enhance the paracellular
permeability of hydrophilic compounds Among these MCFAs,
sodium caprate is the most extensively studied and the only ab-
sorption enhancing agent included in a marketed drug product.
It is added in a suppository formulation intended for human use

in Sweden and Japan. In Vitro and In Situ Studies of Sodium
Caprate produced information regarding its mechanism which is
shown below[34].

Sodium caprate is able to modulate paracellular permeability by
increasing intracellular calcium levels through the activation of
phospholipase C in the plasma membrane, as represented in the
above Figure. The increase in calcium levels is considered to in-
duce the contraction of calmodulin-dependent actin microfila-
ments, resulting in increased paracellular permeability[36].

Chelating agents: Chelating agent forms complexation of cal-
cium and magnesium ions present in between intestinal epithelial
cells and ultimately leads to opening of tight junctions and there-
by increasing permeability for exogenous substances.

Figure 5: Mechanism of sodium caprate [35]

PHOSPHATIDYL INOSITOL-(4,5)DISPHOSPATE (PIP)
Phospholipase C (PLOSOD

DIUM

Diancylglycerol(DAG) Inositol 1,4,5 triphosphate(IP3)
1| Ca*" (release from Tdoplasmic reticulum)

(+)
Calmodulin-dependent Kinase (CaMK)

(+)

Myosin light chain Kinase(MLCK)
Myosin light chain (MLC)

Contraction in the perijunctional action-myosin ring

Chitosan’s & derivatives: Chitosanll is a cationic polysaccha-
ride obtained by partial alkaline N-deactivation of chitin. Chitin is
insoluble in alkaline pH and neutral values where as its derivatives
are soluble at these pH. High MW polymers such as chitosan and
its derivatives have gained considerable attention as permeation
enhancers. Because of their high MW, these polymers are suppos-
edly not absorbed from the gut, and systemic side effects are thus
excluded. These polymers were able to bind tightly to the epithe-
lium and to induce redistribution of cytoskeleton F-actin and the
T] protein ZO-1, this being followed by enhanced transport via
the paracellular pathway. Chitosan and its salts also act on tight
junction and reduce its integrity and increases intestinal perme-
ability. Chitosan derivatives are especially effective in enhancing
the transport of small hydrophilic compounds (e.g., Mannitol)
though they also improve the transport of large molecules (drugs)
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t=CARPATE | |

Open-
ing light
junc-

Lipid bilayer

such as buserelin, insulin, DGAVP and octreotide acetate[37].
Other enhancers

Zonula occludens toxin (Zot): Zonula occludens toxin (Zot),
a protein elaborated by Vibrio cholera that is able to reversibly
regulate tight junction permeability. This toxin interacts with a
specific intestinal epithelial surface receptor, with subsequent ac-
tivation of a complex intracellular cascade of events that regulate
tight junction permeability. It was also shown that the invitro per-
meabilities of drugs with low oral bioavailability such as pacli-
taxel, acyclovir, and cyclosporine and enamione anticonvulsants
were increased with Zot[38].

Polycarbophyl-cysteine conjugates (PCPCys): 1t is a class of
permeation enhancers is represented by thiolated polymers12also
called thiomers. These are polymers in which the thiol groups are
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Figure 6: Mechanism action of polycarbophyl-cysteine conjugates (PCP-Cys)

covalently bound. It has been shown that polycarbophyl poly-
mers (PCP) display permeation enhancing effects. This property
is significantly improved as a result of the covalent attachment of
cysteine (Cys) to this polymer (PCP-Cys). This thiolated polymer
(PCP-Cys) is able to significantly increase the transport of marker
compounds (sodium fluorescein) and peptide drugs (bacitracin-
fluorescein isothiocyanate and insulin-fluorescein isothiocyanate)
across the intestinal mucosa of guinea pigs. The thiol groups,
covalently attached to the polymer, seem to be responsible for the
improved permeation-enhancing properties of these conjugates.
These compounds exert their permeation enhancing effects via
glutathione[39]. It seems that PCP-Cys can transform oxidized
glutathione (GSSG) to reduced glutathione 442(GSH), prolong-
ing GSH concentration at the apical membrane. GSH is report-
edly capable of inhibiting protein tyrosine phosphatase (PTP)
activity by almost 100%, which leads to more phosphorylated
occludin and to more open T as shown in the below figure[40].

Permeability enhancer safety: The safety of absorption en-
hancers depends on the mechanism of action. Some enhancers
may reversibly ‘loosen’ tight junctions, or transiently increase
membrane permeability - without damage - under ‘very con-
trolled’ conditions[41].

Several marketed products containing proven absorption enhanc-
ers. Yet none have reported in an increased incidence of systemic
toxicity.

In-Vitro Methods For Drug Permeability 51

Brush Border Membrane Vesicles
Isolated Intestinal Cells
Everted Intestinal Rings
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Everted Intestinal Sacs
Cultured Cells(Caco-2 cell monolayers)
Artificial membranes

For reasons of safety and cost, drug absorption studies 13in hu-
mans are only carried out for a limited number of well charac-
terized drugs. Studies of drug absorption in the intestine tradi-
tionally been carried out in experimental animals. However, the
introduction of combinatorial chemistry and high throughput
pharmacological screening in drug discovery has significantly
increased the number of compounds entering the pre-clinical
phase, and this has impossible to assess the absorption proper-
ties of all these compounds in experimental animals. This fact
has spurred the development and use of vitro methods to as-
sess drug permeability properties in most drug discovery settings.
Also, the insight that drug absorption across biological barriers is
a complex process involving several pathways that cannot easily
be delineated in experimental animals has resulted in the large
interest in academic and industrial institutions in these methods
.The methods are, cultured cells and artificial membranes[43|

Brush Border Membrane Vesicles

In this approach, cell homogenates or intestinal scrapings are
treated with the CaCl[2] precipitation method using centrifuga-
tion. The final pellet contains the luminal wall-bound proteins
and phospholipids, which contain most of the brush border en-
zymatic and carrier activity. Resuspension of the pellet in buffer
results in the formation of vesicles. These vesicles are mixed with
the permeant in buffer and filtered after a fixed time; the amount
of permeant taken up by the vesicles is then determined. Because
the precipitation—centrifugation procedure results in isolation of
only the brush border components, typically only the apical tran-
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Figure7: Caco-2 cell

scellular transport is measured by this system.
Isolated Intestinal Cells

Isolated cells from the intestine of animal or human origin can be
used as uptake systems in the assessment of oral bioavailability
and have been described in several papers. The procedures used
to isolate mucosal cells can be divided fundamentally in two cate-
gories: an in situ procedure, in which the intestine is perfused with
enzyme solutions that release the cells; and an ex vivo approach,
in which the cells are treated by chelating agents or by enzymat-
ic means . The freshly isolated cells are immediately suspended
in Krebs—Henseleit buffer with 10 mM glucose added and kept
on ice for 15 min, during which they are bubbled with carbogen
(95% 0O2/5% CO2). The exposure to glucose increases the vi-
ability of the cells, even after the media have been replaced by
glucose-free media. In a typical experiment, the cells are separated
from the primary buffer by centrifugation, resuspended in buffer
under O2/CO2 in the presence of the permeant, and shaken well.
After a designated time, the cells are separated by gradient-centrif-
ugation or rapid filtration, and extracted.

Everted Intestinal Rings

The use of intestinal rings for absorption measurement is not
widespread, but still has its merits in terms of simplicity. In this
method, a section of the intestine is isolated immediately after
euthanizing the animal, washed in icecold buffer to remove debris
and digestive products, and tied at one end with a piece of suture;
now, the closed end is carefully pushed through the intestine using
a glass rod, resulting in eversion of the intestine, which is then cut
into small rings, typically 2-4 mm wide (30-50 mg wet weight).
Any segment of the intestine can be selected, from the duodenum
to the rectum, typically jejunum, ileum, and colon. Next the slices
are incubated in a solution containing the compound under inves-
tigation, and shaken well in a waterbath. After a designated time
interval the tissue slice is taken out of solution, blotted dry, and
weighed, and then dissolved or processed for assay. The uptake
of the compound is measured by radiolabel counting or other
means.

Everted Intestinal Sacs

In the everted intestinal sac method, a 2- to 4-cm section of the
intestine is tied off at one end and everted using a glass rod or a
thread, similar to the procedure described for the intestinal rings
.As with the everted slices and rings, the mucosa becomes the
outer side of the sac and is in contact with the incubation me-
dium, but in contrast with the rings, only the mucosa is in contact
with permeant. The sac is filled with buffer and put in a flask with
oxygenated (95% O2/5% CO2) buffer containing the compound
under investigation. At the end of the experiment the sac is cut
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and opened at one end, and the serosal fluid is collected . Viability
of the sac can be monitored during the experiment by measuring
the transport of a marker (e.g, trypan blue dye).

Cultured cells

The human adenocarcinoma Caco-2 14model suitable for screen-
ing intestinal drug permeability and predicting the oral absorp-
tion potential of new drug substances. The Caco-2 cells were
grown on permeable supports and spontaneously formed polar-
ized monolayers that resembled that of the intestinal epitheliums
shown in below figure.

In many respects the Caco-2 cells are therefore functionally simi-
lar to the human small intestinal enterocyte, despite the fact that
they originate from a human colorectal carcinoma. The methods
that are based on Caco-2 are, however, not only useful for drug
absorption screening. It is also extract information about specific
transport processes that would be difficult to obtain in more com-
plex models such as those based on whole tissues from experi-
mental animals. For methods enable us to investigate the relative
contribution of passive transcellular and paracellular transport,
the effect of charge on paracellular transport and the effect of
solvent drug. Caco-2 is the most widely used cell line for drug
permeability studies|44].

Artificial membranes

*  Epithelial cell cultures.

*  Usage of immobilized phospholipids or liposome in organic
solvent.

*  Chromatographic methods where the stationary phase con-
sists of immobilized phospholipids or liposome.

These methods are attractive for screening purposes since they
require very little compound, are easily automated and are adapt-
able to diverse sets of drugs.[45]

Ideal Characteristics Of Intestinal Permeation
Enhancers

*  Non toxic, non irritating, non allergic.

e Ideally work rapidly.

*  Pharmacologically inert.

*  Its duration of action should be predictable & reproducible.

*  Should work unidirectionally.

*  When removed from skin barrier properties should return
both rapidly & fully.

*  Cosmetically acceptable.

*  Compatible with both excipients & drug.

80
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Widely Used Permeation Enhancers

Table 2: List of wisely used permeation enhancer.
Class Category
Oxazolidinones Oxazolidinones such as 4-decyloxazolidin-2-one

Alcohol, Glycol, and Glycerides Ethanol

Terpenes, Terpenoids, Essential Oils

Essential oils (eucalyptus, peppermint, turpentine oil)

Pyrrolidones

N-methyl-2-pyrrolidone (NMP)

Fatty acids and Esters

Unsaturated fatty acids, propionic acid, oleic acid

Sulfoxides and Similar Compounds

Dimethyl sulfoxide (DMSO), Decylmethyl sulfoxide (DCMS)

Clofibric Acid Esters and amides of clofibric acid
Amino Acid Derivatives N-Dodecyl-l-amino acid methyl ester and n-pentyl-N-acetyl prolinate
Phospholipids Phosphatidyl glycerol

Lipid Synthesis Inhibitors

Fatty acid synthesis inhibitors like 5-(tetradecyloxy)-2-furancarboxylic acid
(TOFA) and the cholesterol
synthesis inhibitors fluvastatin (FLU) or cholesterol sulfate (CS)

Conclusion

It is most desirous that an absorption enhancer assist the trans-

port of drug via intestinal barrier to increase the bioavailability of

administered drug. By using of different intestinal permeation en-

hancers, drugs having poor bioavailability could be fabricated in

such a novel way. Fortunately apparently safe and effective intesti-

nal

permeability enhancers are currently available, so formulation

expertise can make best use of enhancer while formulating novel

drug delivery system. This extensive review provides comprehen-

sive details on various permeability enhancers used in delivering

drug content through membrane barrier.
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