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Abstract

General physiology is the basis of basic and applied aspects of life processes and moleculo-biochemical aspects that ensures 
the survival of species efficiently. There is a need to maintain specific amount and numbers of metabolites in the body fluid 
and the fluid present in the organs. This needs a specific check on the body fluid that provides the required metabolites and 
removes unwanted ones. For this scrutiny, there is something like a ‘check post’ and it is referred to as ‘blood organ/tissue 
barrier’. Further, this ensures the restoration of appropriate ambient environment for the ongoing physiological processes 
in an organism.  Structural, biochemical and molecular aspects of blood organ barriers have potential to illustrate on the 
survival mechanisms. Further, biotechnological research, artificial mode of physiological techniques and the technological 
advancement help to understand the intricacies of various physiological mechanisms occurring in the life activities and the 
remedial aspects in cases of pathogenesis. For normal physiological functioning a suitable physiological homeostasis is an 
important basis. The respective balanced biochemical and molecular interactions depend on processes like paracellular 
diffusion of metabolites, activated transport of hydrophobic and hydrophilic metabolites and drugs from the circulating blood 
stream. There is a specific need of an effective drug therapy along with appropriate drug delivery system that can regulate the 
correct dose of drug at the site to meet the remedial parameters while dealing with pathogenesis and dysfunctioning of the 
organ.  The investigations relating blood barrier are significant while investigation the toxicological and pathological aspects 
of a given organ.
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Abbreviations

CAMs: Cell Adhesion Markers; TJ: Tight Junction; MAGUK: 
Membrane Associated Guanylate Kinase; PDGFR-β: 
Platelet derived Growth Factor Subunit β-Receptor; TEER: 
Transepithelial Electrical Resistance; GFB: Glomerular 
Filtration Barrier; BOB: Blood Ocular Barrier.

Introduction 

When a specific dye is administered in a test animal it 
may not succeed in reaching the site organ. This condition 
indicates the existence of some sort of interruption 
between the peripheral blood supply and the organ. 
Based on investigations, this physiological interruption is 
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cytohistological and confirms the presence of blood barrier 
specifically for organs like brain, kidney, reproductive 
organs, liver, skin, eye, and most of the organs etc [1-4]. 
This physiological check-post regulates the to-and-fro 
movements of biomolecules, nutrients and other unwanted 
molecules between the peripheral blood and the vital organs. 
Thus, these natural biological barriers ensure the supply of 
the appropriate metabolites and removal of unwanted ones 
to the specific organ-site as per the physiological demands 
and help to maintain the respective healthy physiological 
efficacy. This arrangement also provides a suitable 
cellular and ambient microenvironment that facilitates a 
biochemical and physiological homeostasis. Structurally, a 
blood barrier has a selectively semi-permeable membrane, 
endothelium, pericytes, capillary basement membrane, 
astrocytes, tight junctions and enzyme or metabolic barriers. 
These components are suitably architectured involving 
the interstitium of the concerned organ. There exists some 
difference between the blood of peripheral blood capillaries 
and blood in the related organ. Generally, a specific suitable 
level of homeostasis is maintained with the help of four 
processes. These prevent paracellular diffusion of hydrophilic 
metabolites, mediating the active nutritive metabolites, 
activate the transport of hydrophobic metabolites and drugs 
between peripheral blood and the organ. There is a regulated 
migration of pathogen and blood cells in the peripheral 
circulation via transendothelium.

 
In general, there is a cytohistological, biomolecular and 

physiological protection against most of the xenobiotics and 
therapeutic drugs. These blood barriers are the specialized 
cytomorphological sites and are capable to perfect selective 
transport of metabolites in a specific organ during the 

systemic circulation. In general, epithelial and endothelial 
cells are the cytological components in a blood barrier which 
exhibits some of the specific adaptations which facilitate the 
formation of intercellular junction. This association involves 
“tight junction” and act as intercellular connections that seal 
the intercellular cleft [5,6]. Normal functional blood barrier is 
a dynamic site manifesting suitable physiological behaviour 
adapted to respond to the specific stimuli corresponding to 
the selectively control biomolecules from vascular circulation 
to the organ and reverse. These structural and functional 
aspects are specifically related to therapeutic drugs/
agents to ensure appropriate drug delivery and prevent the 
interference of unwanted metabolites [6].
  

The inter and intracellular coordination and 
communication bring about the basic cellular sustenance 
and the social dynamic cellular functionality in an individual. 
Thus, each cell has a potential to receive, metabolize, 
distribute and maintain the required level of homeostasis 
for its successful performance and ability to respond to 
the changes in the respective ambient environment [7,8]. 
Further, it seems quite rational to understand the molecular 
basis of the cellular communications to maintain a healthy 
cellar status, development, aging and remedial therapeutics. 
The investigations related to molecular heterogeneity in 
‘omics’ significant helps to understand cellular status and 
its functionality. The microengineering and high throughput 
genomics elaborate spatiotemporal control of the cellular 
interactions. Any type of disruption in the cellular 
communication is likely to results in metabolic, biochemical 
malfunctioning that it is likely to lead to pathological 
conditions like tumorigenesis, metastasis, and senescence 
[9].

Figure 1: Conceptual Representation of Blood Organ Barrier.
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Materialistic nature of blood and the biological nature 
of organ play significant roles during structural aspects 
and functionality of a blood barrier parameter. The blood 
components i.e., plasma along with its inorganic and organic 
constituents and the cells present in blood exhibit biophysical 
mechanics and influence the blood behavior. The biochemical 
and cellular components of blood i.e., proteins like albumin, 
globulins or fibrin, etc., leucocytes, platelets and erythrocytes 
and biological and non-biological antigens also affect the 
blood behavior. The behavior of these blood constituents 
depends on the fluid status of plasma and serum. Thus, blood 
components experience relatively wide range of biophysical 
forces like hydrodynamic force, rheological forces- shear 
stress and shear rate (deforming strain), forces due to 
viscosity of plasma, forces due to the specific shapes of cells 
and molecules flowing in plasma. These parameters also vary 
during healthy and any pathological status of an individual. 
The blood vessels offer specific form of force on the blood 
flowing through them; thus, the blood vessels of any size act 
as mechanosensitive barrier. The status of blood vessels i.e., 
stiffness and thickness of the wall of blood vessels, add to 
the shear stress on the blood flowing, it also correlates with 
the plaque formation within the blood vessels. It becomes 
obvious that while designing vascular grafts one should 
consider the mechanical homeostasis, correlation between 
the effects of fibrin and plaque formation and forces due to 
the impacts of platelets and the vascular and haematological 
status of the individual [10-12].
 

Investigations related to various blood barriers indicate 
the need for involving a functional vertebrate model to 
mimic the concept of functioning of blood barriers; such 
investigations also help to investigate some of the related 
diseases and pharmacodynamics and pharmacokinetics 
testing [13,14].
 

There are, however, significant challenges due to 
mimicking human disease in animals, as many models do 
not completely recapitulate human disease manifestations 
and instead allow only for studies of certain disease aspects 
[8,13]. However, the use of animal models is of particular 
importance for pharmacodynamics and pharmacokinetics 
testing, where the effects of pharmaceutical interventions 
can be examined at the systemic level to determine drug 
safety and efficacy before entering human trials phase.
                 

Basic Concept of Blood Barriers

In different organs the components of blood barrier 
remain structurally and functionally similar with suitable 
modifications. The investigation related to blood barrier is 
of significance while studying toxicological and pathological 
aspects in a given organ. Normal functional blood barrier 
is a dynamic site exhibiting physiological behavior that is 

suitably adapted to the specific stimuli corresponding to 
selective permission and prevention of biomolecules from 
vascular circulation to the tissue and reverse. Each prime 
organ requires essential micro and ambient environment 
to maintain its specific assigned physiological functionality 
and blood barrier has its exclusive role accordingly. These 
specifications depend on the homeostatic, biochemical and 
neuronal-physiological conditions of the organ and blood 
barrier helps in maintaining such conditions. The rate of 
blood flow, degree of vessel permeability, physicochemical 
properties of the biomolecules, drugs, unwanted molecules 
and cellular blood components undergo suitable changes 
or variations to attain the suitable healthy physiological 
environment. These structural and functional aspects are 
specifically related to therapeutic drugs/agents to ensure 
appropriate drug delivery. It will be very apt to investigate 
the kinetics of pharmaceutical drugs in this context.
 

Basically, the epithelial cells are mesodermal in origin 
and modified and suitably form the wall of blood vessels 
(endothelium). These cells are dedicated to permit strict 
and controlled the to-and-fro movements of hydrophobic, 
hydrophilic and ionic metabolites between peripheral blood 
and the tissue. The proteins of tight junctions namely, claudin 
and occludin, limit the paracellular molecular movements. 
The cells of endothelium are structurally and functionally 
suitable to acts as a selective barrier and to regulate the flow 
of biomolecules traversing between blood and the tissue of 
the organ. During stressful conditions, there is an increased 
permeability resulting in edema and disruption of the 
functional aspects of the organ. This further interferes with 
the molecular mechanism and maintenance of the specific 
hemostatic condition. The newly developed condition of 
vascular hyperpermeability interferes with drug involved 
as pharmacological corrections [15]. The overall degree 
of permeability of blood barriers fluctuates under normal 
and pathological conditions. In case of neurological and 
clinical conditions like cerebral ischemia, brain trauma, 
there is a relatively higher degree of permeability that 
facilitates the entry of drugs. If, due to some reason the 
degree of permeability declines, then the drugs will lose 
their therapeutic efficacy and hamper the recovery. Similar 
aspects are true in case of other organs like liver, gonads, 
lungs etc [16] (Figure 1).
    

Endothelial cells and pericytes (also described as 
perivascular cells), are the two primary structural, functional 
and interacting components of blood vessels. The endothelial 
cells constitute the inner lining of a blood vessel while 
pericytes are smooth muscle cells (also referred mural cells). 
These cover the vascular surface of the blood vessel. These 
cells along with their other cellular components establish 
the structural aspects and the functionality of blood vessel 
with respect to regulation, formation, proliferation, survival 
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and migration but the mechanism of such coordinated 
morphological regulation specifically the tubular sprouting, 
fusion and formation of vascular network is ambiguous but 
the vascular endothelial growth factor is the prime factor 
which controls the formation and functions of blood vessels. 
This vascular endothelial growth factor acts as an important 
factor related to angiogenic sprouting and guides the 
formation of extension of filopodia from the specific apical 
endothelial cells. The cells of the apical region of vessel work 
in response to the vascular endothelial growth factor for 
proliferation and migration of the newly formed vascular 
sprout stalks. These endothelial cells give antagonistic 
response to vascular endothelial growth factor-A and 
vascular endothelial growth factor receptors-2. The apical 
cells show dependence for their efficacy during migration 
and proliferation on the gradient and concentration of 
vascular endothelial growth factor-A and these help to attain 
balanced effectiveness of endothelial cells [17].
 

The solutes that involve active efflux carriers undergo 
passive diffusion through endoplasmic epithelial cells. 
The polar molecules such as gluconucleosides and amino 
acids move across such membrane due to selective 
transportation. Macromolecules like proteins and peptides 
make use of ‘receptor-mediated-transcytoses’ to move 
to-and-fro across the membrane. Some of the common 
transporters and receptors are excitatory-amino-acids 
transporters 1-3, L-system of large neutral amino acids, 
and P-glycoproteins. Some of the common receptors and 
carriers that are associated with endothelial cell membrane 
are 5-hydroxytryptamine (serotonin), angiopoietin-1, basic 
fibroblastic cells, endothelium-1, glial cells, derived trophic 
factor-β, endothelial specific receptor tyrosine kinase-2. 
The cell culture techniques are most suitable for the related 
cellular investigations [18].
  

Pericytes develop from mesoderm and originate from 
mesenchymal cells. These cells invade endothelial tubes 
during their development and formation. The pericytes 
exhibit different morphological appearances and perform 
different functions too. These are associated with only one 
tissue and single capillary bed. Primarily, these modulate the 
flow of blood, vascular permeability, stability and growth of 
vessels [19]. The pericytes are smooth muscle cells (mural 
ells) and cover the vascular surface of the blood vessel. 
These cells have contractile fibres like smooth muscle fibres. 
Typically, the body of a pericytes has a well distinguished 
nucleus, relatively less cytoplasm and many elongated 
processes that embrace the abluminal wall of endothelial 
cells [19,20]. When pericytes are absent in a blood vessel, 
hemorrhagic and hyperdilated conditions are not observed 
in such cases. These conditions result in edema, embryonic 
lethality and diabetic retinopathy. Pericytes also participate in 
angiogenesis in tumours and as a result these are the targets 

during antiangiogenic therapies. The pericytes are complex 
cellular components of blood vessels and their advanced 
functionalities and ontogeny need further exploration. It is 
very exciting topic for investigation in relation to growth, 
maintenance of blood vessels and also during pathological 
angiogenesis [20]. These pericytes play significant role during 
cellular communication with endothelial cells ensuring 
their physical contact and the success of pathways involved 
during paracrine signalling. This communication directly 
involves the gap junctions to ensure exchange of ions and 
smaller molecules. Pericytes anchor with endothelial cells. 
The peg and socket contacts enable the cellular penetration 
but discontinuities are present in the basement membrane 
of blood vessels. The mechanical contractile forces transmit 
through these junctions between pericytes and endothelial 
cells. Additionally, molecules like N-cadherin, cell-adhesion 
molecules, β-catenin based molecules of adhesion junctions 
of extracellular matrix like fibronectin also play significant 
role during these communications [17].
 

Astrocytes have distinct body and the end feet; the 
body associates with the tissue of the organ of the location 
of blood barrier while the end feet link with tight junctions 
of the epithelium cells and establish a firm link with tight 
junctions. Their functions relate to barrier is unclear but 
their ability to maintain the established firm contact [21]. 
The cell membrane of epithelial cells has high numbers 
of tight junctions that restrict or prevent paracellular flux 
of hydrophilic biomolecules. There are either least or no 
fenestration and few pinocytic vesicles present that help 
the movement of metabolites across. The roles of pinocytes 
present in the basement membrane play significant role 
during angiogenesis and relates with the structural and 
developmental differentiation of microvessels [22]. Blood 
capillaries present around circum-tissue of the organ within 
the specific organ and these exhibit fairly good degree of 
fenestration. This structural aspect facilitates selective 
diffusion of metabolites between circulating blood and the 
tissue of the respective organ.
 

Tight junctions are present in between the endothelial 
cell and show highly selective barrier efficacy. These also 
achieve effective diffusion which permits least metabolites 
into the concerned organ. Tight junctions are made of 
specific proteins that form a direct contact and form “tight 
seal’. This site provides one way passage to the metabolite 
i.e., the metabolites move selectively from peripheral blood 
into the specific organ/tissue. The transmembrane proteins 
such as claudin, occludin types measuring around 3-4 nm 
in diameter are present and are arranged in interlocking 
manner as either claudin or occludin types. In addition to 
these proteins the junctional adhesion molecules establish 
intercellular contacts proteins. These proteins prevent 
leakage of metabolites and prevent the passive diffusion 
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of proteins and polar solutes across them [6,23]. The tight 
junction proteins also interact with zonula occludin proteins, 
actin cytoskeleton, protein kinases, small GTPases and 
heterotrimeric G-proteins present in the membrane [23,24].
 

The adherens junctions are adhesion complex, mostly 
seen very near to the apical membrane in epithelial cells. 
The adherens junctions appear as minute link-sites, these 
junctions involve transmembrane E-cadherin (calcium 
dependent adhesion), intracellular components, p-120 
catenin, β-catenin and α-catenin. These protein molecules 
act as loading or linking component between cells surface 
and cytoskeleton. Such junctions facilitate maturation and 
maintenance of the junctions [6]. These junctions also help 
to establish the structural integrity of other junctions like 
tight junctions involving transmembrane and cytoplasmic 
plaque proteins [25]. These also help to make mechanical 
microdomains at the cellular interfaces which facilitate 
the physiological aspects of these junctions [26,27].  Other 
protein components present in adherens junctions are 
vascular endothelial-cadherin, scaffolding proteins catenins, 
p120 and plakoprotein. The vascular endothelial-cadherin 
manifests the cell-to-cell adhesion [28,29]. The vascular 
endothelial-cadherin protein exhibits two domains, 
extracellular and cytoplasmic domains. Generally, extra 
cellular domain links with the extracellular domain of the 
neighbouring endothelial cell while cytoplasmic domain 
connects with actin filaments involving scaffolding proteins. 
The catenins, p120, plakoprotein physically abridges with 
zonula accludens-1, and actin filament; zonula accludens-
1is a protein component of tight junction [30,31]. Platelet 
and endothelial cell adhesion molecule-1, CDPP (circulating 
dipeptidyl peptidase) and nectin also play structural and 
functional roles in the adherens junction. In most of the 
blood barriers adherens junctions are responsible for their 
structural and functional integrity [6,32]. 
    

Basic Concept of Intercellular 
Communication in Blood Barriers

The three-dimensional aspect of cells constituting 
a tissue along with extracellular matrix, intercellular 
placement, flow of interstitial and vascular fluids plays major 
roles during the process of cellular communication. There 
are possibilities that the speed and the components in the 
fluid around the cell may show difference in comparison to 
the speed and composition of components in fluid moving 
through the main vessels. This difference may be due to the 
different physiological requirements of different organs. For 
example, liver is a site for detoxification, metabolic synthesis, 
formation of bile, bile salts, and bile pigments; pancreas is 
the site of synthesis of insulin, glucagon; gonads are the for 
formation, storage and maturation of gametes; kidneys are 
the site of selective excretion, etc. Similarly, some differences 

should be expected in case of targeted pharmaceutical 
products, metabolic fuel or products, metabolites and/or 
components of immune system, antigens and any biological 
or non-biological product which is not recognized as ‘self ’ 
by the cellular components of blood barriers [33,34]. 
There is a possibility of change in the degree of membrane 
permeability of the cells of blood barrier in accordance to 
the change and speed of flow of the ambient body fluid and 
vascular blood [35,36]. Epithelial membrane in case of blood 
barriers have ability to express varied transporters that help 
to perform successful movements of selected molecules 
including multidrug molecules across the membrane. 
Disrupted functioning of such transporters and membranes 
are one of the prime factors for development of inflammation 
and tumors. This functional defect needs specific remedial 
strategy to ensure the proper functioning of the transporter 
and the membranes involved. Generally, in such cases, a co-
application of the respective drug along with mediator such 
as bradykinin or mannitol in hyperosmolar concentration 
appears to be a good option. Other options are lipidization of 
the test molecule, enclosing the molecules within liposomes 
or coupling the molecule which can readily enter in the cell. 
Thus, the understanding of physiological aspects of blood 
barrier helps to retain high efficacy of drug and the strategic 
applications [37].

Epithelia with barrier-function typically have dense 
intercellular junctions along with few pinocytotic vesicles. 
There are many transporters for the selective transportation 
and for the exchange of molecules. One of the groups 
helps to transport multidrug in a controlled manner. 
Commonly, inflammations and tumors cause disturbances 
in the blood-tissue-barriers. Strategies available for drug 
delivery to tissues with barriers include the opening of the 
barrier and the modification of the drug. The increase on 
the permeability can be achieved using the co-application 
of the respective drug with mediators as bradykinin or 
hyperosmolar concentrations of mannitol. Modifications of 
the drug include lipidization of the molecule, enclosure into 
liposomes and coupling to substances that are actively taken 
up by the cells. The pharmaceutical treatment of organs with 
blood-tissue barriers requires both an efficacious drug and 
special application strategy [37,38].
 

In general, there are three modes of effective direct 
intercellular communications. These are enumerated (i) direct 
cell to cell engaging biomolecules exchange through cell-to-
cell contact, (ii) cells can undergo polarization developing 
tension which results in mechanical communication, and 
(iii) cells can develop mutual binding using ‘cell adhesion 
markers’ between the interacting cells and the cell whose 
gap junctions have association with the cytoplasm of the 
neighbouring cells. The interacting cells can develop fine 
projections forming a tube-like structure (nano-sized) called 

https://medwinpublishers.com/ACT/


Advances in Clinical Toxicology
6

Lahir YK. Review: Cytohistophysiological Aspects of Blood Organ/Tissue Barriers. Adv Clin Toxicol 
2024, 9(3): 000316.

Copyright©  Lahir YK.

‘tunnelling nanotube’. All these cellular modifications ensure 
intercellular communication in a biosystem. Utilizing cell 
adhesion markers (CAMs) in this complex process involving 
different transmembrane proteins, like selectins, integrins, 

cadherin, and specific group of immunoglobins having very 
high cellular specific cell functions. These proteins facilitate 
homophilic and heterophilic interactions [9,38-42]   (Figure 
2).

Figure 2: Representation of Direct Intercellular Communication.

The other mode of biochemical intercellular 
communication is indirect in nature. Molecules mostly move 
due to the processes like body fluid movements, diffusion 
or due to cellular deformation some strain is induced 
in extracellular matrix. Generally, minute hydrophobic 
soluble signaling molecules diffuse passively through 
plasma membrane, when these are unable to move through 
membrane then hydrophilic molecules participate. Further, 
the specific membrane receptors identify such molecules and 
facilitate their journey across the membrane into cytoplasm. 
Even processes like pinocytosis, endocytosis, and carrier 
proteins also play a significant role during such molecular 
movements through the membrane. The nature of the signal 
is an important parameter that judges the soluble factor 
signal and the distance between target cell and the effector. 
The paracrine signals induce responses when these are very 
close to the target cell. The autocrine signals are the product 
of the distant cells and if not effective, these reach back to 
the cells of origin. The vascular blood acts as a mediator for 
the endocrine cellular communication. The lipids, proteins, 
exosomes, microvesicles and genetic mater reach their 

destination through extracellular vesicles [9,40,43-47].
  

In addition to biochemical signalling, the communicating 
cells and their location induce mechanical forces on 
the surrounding cells. The extracellular matrix and the 
cytoskeleton perceive these stimuli as the induced physical 
forces and result in rearranging, remodelling their orientation 
in accordance to epigenetic modes. [Epigenetics relates with 
the study of impacts on behaviour, environment and the 
effects of genes. These modifications are temporary and 
do not affect the DNA sequence of an individual; they only 
change the pattern of the body i.e., how it reacts in congruence 
with the induced changes]. The extra cellular matrix exhibits 
modifications like non-linear mechanical effectiveness in its 
proteins and increases the strain. These modifications and 
increased strain induce the cells to communicate with the 
surrounding cell placed within five cell diameter distance. 
The indirect mode of mechanical cellular communication 
affects the cellular behavior, cell migration, enrolment of 
immune cells, forms special cellular structures and network 
in endothelial cells [9,47-51] (Figure 3).

Figure 3: Representation of Basic Concept of Molecular or Indirect Mode of Movement of Biomolecules Involved Inter Cellular 
Communication.
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Molecular Aspects of Junction Proteins

In general, epithelial cells form the internal and external 
surface of an organ in an organism and act as selective 
barrier-interface between the organism and the internal 
as well as external environment. The selective nature of 
these interfaces acts as defensive cover against pathogens, 
and as a regulating device against unwanted transport 
barrier for metabolites like, ions, fluid, solutes, toxicants and 
pharmaceutical drugs along with thermos-regulation. The 
efficacy of this selective cytological hinderance relates with 
the successful functioning of the biomolecular conjugations 
like intercellular junctions such as tight junctions, subjacent 
adherens junction; these collectively known as the apical 
junctional-complex. The desmosomes and the gap junctions 
are present inner to this apical junctional-complex and 
effectuates the intercellular adhesion and appropriate 
molecular cross communication between adjacent cells [52].
 

Tight junctions are made of three main families of 
hepatic tight junction proteins namely, claudins, tight 
junction-associated proteins MARVEL proteins (microtubule 
associated for vesical trafficking and membrane link), 
(TAMPs- a family of proteins having four transmembrane 
helical structures and help in the formation of diverse 
membranous subdomains; these are referred to as myosin 
and lymphocyte related proteins involved in the MARVEL 
domain proteins MAL [(myosin and lymphocyte) and 
related proteins for vacuole formation and membrane link] 
represent a family of proteins with four transmembrane 
helical structures and mediate the formation of diverse 
membrane subdomains Hernandez V, et al. [53], of vacuole 
and membranous [54]. TAMPs proteins are the product 
of occludins, MarvelD3 and tricellulin and receptors of 
pathogens [55,56]. Primarily, most of the tight junction 
proteins maintain the normal fabrication and coherence of 
tight junctions while the family of TAM-proteins affect the 
functional barrier capabilities involving the critical signalling 
capabilities of occludin and thus, accomplish the epithelial 
homeostasis [57]. Interactions between different tight 
junction (TJ) proteins and the cytoskeleton are essential for 
the normal assembly and maintenance of TJ integrity. While 
the TAMP family of proteins has been implicated to influence 
barrier function, proteins such as occludin also have critical 
signalling properties that regulate epithelial homeostasis 
[58]. Itch- a response that causes strong desire to scratch. Itch-
comes under HECT type E3 ubiquitin ligase and it controls 
the autoimmune developmental diseases among mice and 
humans. It also monitors the differentiation of T-cells to 
tumorigenesis in hepatic cells]. There is a molecular inter 
action involving E3 ubiquitin-protein ligase itch; this may 
facilitate the degradation of occludin which relates to the 
inhibition of proteosome [58]. Most of the transmembrane 
proteins of tight junctions are of tetraspanins type that are 

characterised by transmembrane domains which form two 
extracellular loops. Further, the C-terminal present in the 
cytosol constitutes a complex when it joins with adaptor 
proteins like zona occludens-1. When these adaptors, 
coordinate with other proteins, then these harbour in actin 
cytoskeleton. The zona occludens proteins come under the 
scaffolding types of protein; these proteins are responsible 
for structural aspects of multiprotein complexes present 
on the intercellular junctions located on the surface of 
cytoplasm. These proteins associate with integral membrane 
proteins and also with filamentous cytoskeleton. These 
proteins associate with membrane guanylate kinase 
(MAGUK-like proteins with different numbers of domains 
but have similar sequence. Zonula occludens proteins 
establish cell to cell structural contacts, these also regulate 
cell growth and proliferation [59]. ZO (zonula occludens) 
proteins are scaffolding proteins providing the structural 
basis for the assembly of multiprotein complexes at the 
cytoplasmic surface of intercellular junctions. In addition, 
they provide a link between the integral membrane proteins 
and the filamentous cytoskeleton. ZO proteins belong to 
the large family of membrane-associated guanylate kinase 
(MAGUK)-like proteins comprising a number of subfamilies 
based on domain content and sequence similarity. Besides 
their structural function at cell-cell contacts, ZO proteins 
appear to participate in the regulation of cell growth and 
proliferation [59]. When there is a barrier deficiency, F-actin 
and misexpression associates with elevated viral entry and 
dysfunction of cell adhesion occurs [60].

Adherens Junctions

Cadherins are a type of trans-membrane proteins that 
participate in the functioning of adherens junctions and 
positioned very close to tight junctions at the basal zone of 
lateral plasma membrane. These are present in epithelial 
cells and responsible for homo-type interaction. One end 
of these protein molecules associates with cadherins of 
other cells and the other end towards the cytoplasmic 
end links with catenins and actin cytoskeleton forming 
cell to cell adhesion. Beta-catenins of adherens junction 
binds with E-cadherins and actin of cytoskeleton involving 
α-catenin. Beta and α-catenins help in the post-translation 
of E-cadherins and its trafficking [61]. Adherens junctions 
also affect the efficacy of ‘blood bile barrier’. Loss of α and 
β-catenins cause alteration in bile canaliculi, inflammation, 
degeneration or loss of microvilli, jaundice and cholestasis 
(phenotype) and increase of basal hepatic bile acids and mild 
cholestasis [62-64].
 

Gap Junctions 

These junctions connect two adjacent cells and control 
the inter cellular movements of selected ions, molecules and 
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electric impulses. The gap junctions have connexins group 
of proteins as a primary constituent; these interact with 
occludins of tight junction. When these associate with ZO-1 
proteins they facilitate the integrity of blood bile barriers. The 
gap junctions are the major targets for the drug induced liver 
injury like acetaminophen (inhibition of connexin-32 affects 
impact of acetaminophen) and are potential proteins that 
relate with drug safety phenomena [65-67]. Environmental 
toxins influence functioning of these inter cellular junctions 
while drugs (pharmaceuticals in excess doses) induce injury 
and/or chronic or acute pathological conditions [63,64].
 

Desmosomes

These intercellular connections articulate the 
adjacent cells involving coupling desmosome cadherins to 
intermediate filament present in cytoskeleton. Structurally, 
these are made of desmocollin, desmoglein, and γ-catenin. 
Although there are few references but these play significant 
functional and structural roles and are helpful to either 
tight junctions or adherens junctions. All together these 
are quite relevant in the process of intercellular articulative 
cytophysiology [6]. The lake or deficiency of β- and γ-catenins 
adversely decline E-cadherin, occludin, and claudin-2 and 
as a consequence dysfunctioning of blood bile barrier and 
induction of progressive intrahepatic cholestasis occurs [64-
66].
 

Physiological Aspects of Blood Barriers

The histological and cellular component of blood 
barrier sustain controlled physiological well-suited 
microenvironment in the specific organ and ensures 
its optimal biophysical, biochemical, biomolecular. and 
physiological functionalities. This cellular device is capable 
of selective exchange of ions, biomolecules, therapeutical 
drugs, over-all hemostasis and hemostasis in a given organ. 
Homoeostasis relates with the physiologically optimum 
stable suitably regulated state in an organ and ensures the 
normal well-coordinated, synchronized functions of an 
organ. The hemostasis basically regulates the composition of 
blood so that proper supply, use and elimination of unwanted 
metabolites and availability of various required metabolites 
is maintained. The blood barrier is responsible to provide 
protection, facilitates to-and-fro transport of the essential 
and unwanted wanted metabolites. It regulates inflammation, 
immune response and role of specific ion channels. It also 
facilitates the responses to the inter and intracellular 
communication, maintenance of electrochemical static 
stability (gradient) and fluctuations due to pathological 
alterations [67-69]. The asymmetrical distribution of ions 
along the luminal and abluminal membranes of the cells play 
functional roles in working of blood barrier. The Na-K ATPase 
regulates the influx and efflux of Na+ and K+ ions against 

concentration gradients and maintains electrochemical 
gradient across the concerned cell membrane. The co-
transporters are the proteins which help in the secondary 
active transport of sodium, potassium, and chloride ions into 
the cell; the Na-K-Cl co-transporters regulate the cellular 
ionic balance of Na+, K+, and Clˉ. When the ionic balance 
gets disturbed resulting in pathological and dysfunctional 
states. There are transporters to carry solutes, ATP-binding 
case families that mobilize essential biomolecules, nutrients 
needed for the homeostasis of the respective organs. 
Various signalling pathways like cytokinases, Janus kinases 
(intracellular, non-receptor tyrosine kinases and signal 
mediators), phosphoinositide-3-kinase, myosin light chain 
kinase pathways, phosphoinositide-dependent kinase, and 
protein kinase-G, along with others take active part in the 
active transport of biomolecules [9,67-71]. 

Blood Barriers   

The blood organ barriers although have basic structural 
cellular components but these vary in different organs 
like brain, kidney, reproductive organs etc. The following 
description relates with basic components of blood barriers 
in different important organs.
 

Blood Brain Barrier 

This barrier has been discussed extensively and still the 
pursuit continues. Mostly reports are based on its location, 
structure and physiology in mammals. This barrier is well 
developed and functional system. It consists of dynamic 
semipermeable membrane which is efficient to differentiate 
most of the unwanted metabolites and microbial agents. 
It is solely responsible to provide a haemostatic ambient 
physiological environment in brain. The specialized and 
organized tissue of blood brain barrier includes arachnoid 
epithelium, middle layers of meninges, epithelium of choroid 
plexus and tissue secreting cerebrospinal fluid. The cells 
of this site have many tight junctions which regulate the 
permeability of the paracellular path-ways that take place 
in intercellular cleft. The circum-ventricular organ also have 
specialized neurosecretory and/or chemosensory cells and 
leaky endothelium. This type of cellular setup facilitates 
exchange of metabolites from the circulating blood. A 
specific external glial barrier differentiates this arrangement 
of tissue from the rest of the brain tissue and the barrier from 
cerebrospinal fluid present at ependyma [5].
 

The cellular constituents of blood barrier are endothelial 
cells of capillaries, basal lamina and perivascular-end feet of 
astrocytes which encircle the endothelial cells. The distance 
between capillaries and the neural cells is around 25 µm. 
There is a copious supply of capillaries at the site of blood 
brain barrier [72].
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 The basic cellular functional aspects of brain barrier 
include cells of endothelium, pericytes, astroglial (astrocytes 
and glial cells), and complexes of the cellular junctions like 
tight and adherens and these play major roles in functionality 
of blood brain barrier [69]. The astrocytes provide a structural 
and functional contact with the neurons involving pericytes 
and microglial cells. The related cell culture study indicates 
the involvement of many transporters and receptors like 
excitatory amino acid transporters 1-3, glucose transpoter-1, 
L-system for larger neutral amino acids and P-glycoproteins. 
The two-way inductors are present between astroglial and 
endothelial cells that help in establishing and maintaining 
the proper functionality of blood brain barrier. Some of the 
receptors and transporters present on endothelial cells 
are 5-hydroxytrypamine (serotonin), angiopoetin-1, basic 
fibroblast growth factor, endothelin-1, glial cell line derived 
neurotrophic factor, leukaemia inhibitory factor, purinergic 
receptor (P2Y2-under G-protein coupled receptors), 
transforming growth factor-β and endothelium-specific 
receptor kinase-2 [69].
 

Endothelial cells are involved in blood barrier 
(specifically in brain) deviate structurally and physiologically 
in comparison to other peripheral endothelial cells. These 
cells do not have permeability functionality as their innate 
feature. Good numbers of tight and adherence junctions 
bring about the intercellular connections forming two 
distinct membranous partitions namely, luminal and 
abluminal. There are no fenestrations or minute trans-
cellular pores; hence, these cells exhibit highly restricted 
free and rapid cellular exchange of molecules in the region 
between the capillary blood and the surrounding tissue. The 
number and the distribution of mitochondria are higher and 
dense in these endothelial cells. These provide the energy for 
the physiological activities. Their typical cellular behavior 
shows three main features that make them more suitable 
for the designated functions; first is the development of 
negative surface charge, this helps them to prevent the 
entry or interaction with negatively charge molecules and 
adherence of molecules that prevents the adherence of 
leukocytes and stop the immune cells to enter, second: the 
endothelial cells have limited number of transporters; this 
feature facilitates the regulation of the specific substrates; 
third: such endothelial cells have the ability to develop high 
transendothelial electrical resistance as a result there is a 
restriction on the to-and-fro movements of transcellular 
vesicles via the wall of the blood vessel. These features of 
endothelial cells maintain a physiologically suitable ambient 
environment and prevent the movements of unwanted 
molecules across the specific zone [69]. Mostly two types of 
transporters (efflux) are functional in epithelial cells of blood 
barrier; firstly, the polarized luminal surface brings about 
the movements of diverse lipophilic biomolecules which 
intend to diffuse towards blood from the tissue. The second 

(efflux) is about the transporters that help the movements 
of highly specific nutrients from the blood into tissue; these 
transporters also remove the waste molecules from brain to 
blood [73-76].
 

Astrocytes are the cellular component of blood brain 
barrier; these are responsible for bringing about signalling 
and biomolecular communication related to elimination of 
waste, controlling flow of blood, other vascular functions, 
and ionic homeostasis. These astroglial cells also ensures 
organised and balanced neuroimmune responses. The 
astrocytes are a type of neural cell and present in large 
number deeper within the tissue. In case of brain, the 
astrocytes differentiate as protoplast localized in well 
vascularized grey matter while other are distributed in 
fibrous form and are present within less vascularised white 
matter. Their end feet connect with basement membrane. 
The specific binding proteins like aquaporin-1V and 
‘dystroglycan-dystrophin complex’ along with proteoglycan 
agrin that plays a major structural and functional role in this 
intercellular link. The astrocytes and pericytes embrace the 
blood vessels and act as interface between endothelium and 
neurons. In case of central nervous system of invertebrates in 
which vascularized, no circulatory system, these astrocytes 
function as barrier between the tissue of central nervous 
system and the humoral body fluid. The functional aspects 
of astrocytes vary in healthy conditions, participate in 
astrogliosis (a process in which series of changes take place 
in astrocytes; these changes are molecular, cytological and 
physiological and in accordance to the level and/or varied 
pathological neuro-disorders) including formation of glial 
scar. These play significant roles during the formation of 
lesions and course of specific pathological conditions [69,77-
80].
 

Mural cells are heterogeneously distributed in the 
vascular system and include smooth muscles and pericytes. 
These cells are the structural and functional aspects of 
microcirculation in metazoans. This set-up plays a major 
role in controlling blood distribution, blood pressure and 
integrity of vasculature of the organ and the region. Their 
dysfunctions have potential to cause derogative impacts 
on progression of pathogenesis, cardiovascular diseases 
like formation of atherosclerotic plaque, and degenerative 
neural diseases like Alzheimer’s and Parkinson’s disease. 
There is a possibility that it helps during signalling between 
the brain blood barrier and the neural tissue, specifically 
PDGF (platelet-derived growth factor; platelet derived 
growth factor receptor-A.  It is also known as CD14a; it is 
present on the surface of wide range of cells and participate 
in cell signalling specifically during the process of growth 
of cell and the differentiation of cell), ‘Notch and signal’ 
related to inflammation, and the signalling in these neural 
degenerative disorders. These signalling pathways are also 
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effective in conserving cells of mural tissue and cardio and 
neuroprotection [69,81].
 

Pericytes are another cellular component of mural 
cells (earlier known as rouget cells). Pericytes are the 
cellular communicating bridge between the endothelial 
cells and basement cells (membrane), ensuring physical 
and paracrine communication and signalling. The pericytes 
make adjustments in the blood flow within cerebral 
region, development, maintain vesiculation and control 
inflammation in neurons. The pericytes embed themselves 
at the abluminal site of the endothelial cells. These pericytes 
enclose around full length of endothelium of central 
nervous system. The location of pericytes facilitates the 
intercellular communication between them and endothelial 
cells. Primarily, the platelet derived growth factor subunit-b 
(PDGF-B) pathway plays a significant role during such 
communications. During the cellular communication/
signalling process, the endothelial cells produce ‘derived 
growth factor-B’ (PDGF-B) which binds with platelet derived 
growth factor-subunit β-receptor (PDGFR-β) present on 
pericytes; thereby ensures the association of pericytes 
with blood vessels. During this cellular communication 
the pericytes release molecular signalling factors and 
these factors influence the endothelial cells depending on 
the number of tight junctions present and also change the 
membrane charge on the end-feet of astrocytes. Thus, there 
is a molecular communication and also change in electrical 
charge at the site of this cellular association. Further, the 
number of pericytes play important role in the number of 
tight junctions present at the site [69,82].

Tight junctions: These intercellular connections help to 
maintain specific level of permeability, tissue homeostasis, 
and morphological aspects of the cellular status in a 
given organ. It is not only a cellular connection but also 
participation in the cellular physiology as per its location. 
Mostly, these interconnections are seen between endothelial 
cells forming ‘interendothelial cleft’ and act as a regulating 
entrance for paracellular permeability and it also facilitate 
lateral diffusion specifically pertaining to proteins of integral 
membrane, along with lipids. This process helps to maintain 
the polarization of cells. Primarily, proteins like claudins and 
occludins ensure a firm intercellular connection. Of these 
two proteins claudins participate as barrier component 
while occludins take care of firmness of the tightness 
junction [6]. In addition to these proteins the lipolysis-
stimulated lipoproteins receptors, junction adhesion 
molecules, calcium/calmodulin dependent serine protein 
kinase, monoclonal antibody 7H6, heterotrimeric G-protein, 
and tricellulin proteins are also the structural components 
of tight junctions. The adhesion molecules bring about initial 
attachment during the development phase and the kinase 
like proteins retains the specific level of permeability in 

the complex of blood brain barrier. The interactions among 
these proteins result in physical sustenance of tight junctions 
[69,83-92].
 

Adherens junctions: These junctions are also referred 
to as intermediate junctions and belt-desmosomes based on 
their ribbon like appearance. Their location of attachment 
appears as adhesion plaque. These junctions associate with 
tight junctions specifically in the epithelial tissues at the basal 
region. These junctions are also seen in non-epithelial tissues 
such as cardiac myocytes as facial adherens. These ensure 
synchronised functioning. These junctions exhibit varieties 
in their forms such as, focal adhesion, hemidesmosomes. 
The cellular cytoplasmic face links with actin components of 
cytoskeleton or ambient extracellular matrix. The adherence 
junctions are responsible for the maintenance of tissue 
integrity and help to withstand the mechanical stress/
stretching [6]. This molecular assembly acts as a provision 
to maintain the structural aspects and functionality of 
tight junctions at cellular interfaces as these units reorient 
spatially, chemically and mechanically microdomains at the 
specific sites. Adhesion junctions and tight junctions get 
associated with cytoskeleton engaging transmembrane and 
cytoplasmic plaque proteins. The compositional proteins 
of adhesion junctions are vascular endothelial-cadherin, 
scaffolding proteins-catenins, scaffolding proteins p120, 
plakoprotein. Vascular endothelial cadherin is a homo-
dimeric transmembrane protein and ensures the intercellular 
adhesion involving extracellular domain. These extra cellular 
domains effectively associate with the same or similar 
molecules of surrounding endothelial cells, specifically, at the 
paracellular cleft while its cytoplasmic domain chemically 
links with interacting filaments of actin engaging proteins 
of related scaffolding. The catenins, p120 and plakoprotein 
form a molecular bridge which connects with the protein of 
tight junction-zona occludins and filaments of actin, thereby 
providing the necessary physical support. Other proteins 
molecules related to platelets and endothelial cells adhesion, 
CD99 and nectin are also concerned with adhesion junctions. 
Thus, the integrity of adhesion junctions plays an essential 
structural and functional role in the inter-endothelial 
interconnection [28,29,93-95].
  

These junctions appear like a ribbon hence, also referred 
to as intermediate junctions and belt-desmosomes. Their 
location of attachment appears alike adhesion plaque. These 
junctions associate with tight junctions specifically in the 
epithelial tissues at the basal region. These junctions are also 
seen in non-epithelial tissues such as cardiac myocytes as 
facial adherens and ensure synchronised functioning. These 
junctions exhibit varieties in their forms as focal adhesion and 
hemidesmosomes. The cellular cytoplasmic face links with 
actin components of cytoskeleton or ambient extracellular 
matrix. The adherence junctions are responsible for the 
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maintenance of tissue integrity and help to withstand the 
mechanical stress/stretching [6]. This molecular assembly 
acts as a provision to maintain the structural aspects and 
functionality of tight junctions at cellular interfaces as 
these units reorient the spatial, chemical and mechanical 
microdomains at the specific sites. Adhesion junctions and 
tight junctions get associated with cytoskeleton engaging 
transmembrane and cytoplasmic plaque proteins. The 
compositional proteins of adhesion junctions are vascular 
endothelial-cadherin, scaffolding proteins-catenins, 
scaffolding proteins p120, plakoprotein. Vascular endothelial 
cadherin is a homo-dimeric transmembrane protein and 
ensures the intercellular adhesion involving extracellular 
domain. These extra cellular domains effectively associate 
with the same or similar molecules of surrounding 
endothelial cells specifically at the paracellular cleft while 
its cytoplasmic domain chemically links with interacting 
filaments of actin engaging proteins of related scaffolding. 
The catenins, p120 and plakoprotein form a molecular 
bridge which connects with the protein of tight junction-
zona occludins and filaments of actin, thereby providing the 
necessary physical support. Other proteins molecules related 
to platelets and endothelial cells adhesion, like, CD99 and 
nectin are also concerned with adhesion junctions. Thus, the 
integrity of adhesion junctions plays an essential structural 
and functional role in the inter-endothelial interconnection 
[27-29,93-95]. 

Testis Blood Barrier (Sertoli Cell Barrier)

Among vertebrate testis differentiation is an important 
process during the sexual reproductive cycle or otherwise.  
Seminiferous tubule has a somatic component called Sertoli 
cell and the germinal component germinal epithelium. 
Both work in physiologically coordinated manner 
during spermatogenesis and spermiogenesis resulting 
in the formation of haploid sperms. This physiologically 
synchronized coordination relates with germ cells and 
Sertoli cells ensuring qualitatively and quantitatively the 
physiological cellular efficacy of male gonad, the testis [96-
98]. In general, the two adjacent Sertoli cells play structural 
and functional roles in the formation of ‘Sertoli-cell blood 
barrier’ (blood testis barrier) having developing stages 
of spermatogenesis and spermiogenesis. The Sertoli-cell 
blood barrier is closer to the basement membrane and 
isolates the premeiotic stages from post-meiotic stages 
of spermatogenesis [99,100]. As the spermatogenesis 
progresses, various stages move from peripheral zone 
towards the central zone (luminal zone). Preleptotene 
spermatocytes (spermatid stage) transports itself through 
blood-testis barrier and reaches the apical (central) 
compartment. This stage undergoes spermiogenesis and 
relates with apical ‘ectoplasmic specialization’ involving 
testis-specific adherens junctions present along the 

interfaces between Sertoli cells and spermatid [99,101]. This 
zone of interface showing cell-adhesion is under unexplored 
regulatory molecules. The coexistence of tight junctions, 
basal apical ectoplasmic specialization, a hybrid adherens 
junction are mostly made of proteins like cadherins and 
focal adhesion complex of mostly, integrins and laminins, 
gap junction (primarily connexin-43) and tight junctions 
constitute blood testis-barrier (Sertoli-Cell barrier) 
[99,101]. This blood barrier regulates the transportation 
of metabolites between circulating blood in adjacent blood 
vessels and Sertoli cells present in seminiferous tubules 
containing developing stages of spermatogenesis. The 
primitive germinal epithelium and Sertoli cells line the 
seminiferous tubules and the related blood barrier is present 
between Sertoli cell of seminiferous tubule and supporting 
cells, also called sustentacular cells. This cytophysiological 
structure partitions the space of the seminiferous tubules 
as basal compartment and endoluminal compartments. The 
basal compartment is towards the periphery of seminiferous 
tubule while endoluminar compartment is present towards 
its center. The Sertoli-cell blood barrier is in biological 
and physiological communication with blood, lymph and 
endoluminar compartment that contains the developing 
stages of spermatogenesis. The testis blood barrier 
(Sertoli-Cell blood barrier or seminiferous blood barrier) 
structurally involves tight junctions, adherens junctions and 
gap junctions. These are located in between Sertoli cells 
and supporting cells (also called sustentacular cells) of the 
seminiferous tubules, and these can be investigated using 
immunofluorescence techniques [102,103].
 

This blood barrier brings about specific functionality 
that ensures the maintenance of suitable physiological 
ambient environment in the seminiferous tubule and prevent 
the interference of physiological unwanted metabolites. 
This also ensures the quantitative and qualitative uptake 
of required metabolites and drugs, from the peripheral 
blood, lymph and the interstitial fluid surrounding stages 
of spermatogenesis. The germinal epithelial cells carry out 
a selective performance with respect to the recognition of 
self and non-self-entities and injected medical supplements 
in accordance with the specific body’s immune system. 
The germinal epithelial cells are not exposed directly to 
the peripheral blood but the molecular requirements are 
maintained [104,105]. There are some interactions between 
Sertoli cells and the germ cells that represent the physiology 
of testis. There exists cytological correlation between Sertoli 
cells and the stages of spermatogenesis and role of blood-
testis barrier present in the seminiferous tubule. These 
interactions involve cell-to-cell contact and paracrine factors 
[106].
 

The investigations using the electron microscopic 
technique (using lanthanum as tracer) reveals that the 
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development of blood testis barrier relates with the sexual 
maturing stage of the vertebrate. In case of domestic fowl, 
the blood-testis barrier appears to be non-functional prior to 
puberty in spite of the presence of the structural and functional 
components like focal tight junction and desmosomes [107]. 
These researchers did not notice synchronized developmental 
correlation between the development of blood-testis barrier 
and the meiosis in the seminiferous tubules. Theoretically, 
the seminiferous tubule should be partitioned into peripheral 
basal chamber and central chamber endoluminar chamber 
resulting the separating the stages of spermatogenesis. No 
such arrangement is seen in the case of domestic fowl and 
early stages of spermatogenesis i.e., primary spermatocytes 
and spermatogonia are seen in unpartitioned chamber of 
seminiferous tubule. The effective blood-testis barrier was 
not seen as expected [107].
   

Figure 4 with reference to Sertoli cell barrier, in 
other vertebrates one finds variations in the complexes 

of junctional constitutions. Generally, among fishes and 
amphibian tight junctions and desmosomes are present 
very close to the Sertoli cells barrier. In these animals, 
this barrier develops after the completion of meiosis and 
the haploid spermatids. In case of zebrafish, an effective 
functionality of the said Sertoli cell barrier is not observed 
Gerhardt H, et al. [108], but in reptiles and aves, this barrier 
develops on the onset of meiosis and gets well-established 
before the onset of spermiogenesis [108-110]. This indicates 
that the Sertoli cell barrier develops during the process of 
spermatogenesis and it may not be observed during other 
phases of reproduction and non-reproductive phase. The 
prime function of tubulobulbular complex appears to remove 
the intercellular ectoplasmic specialized adhesion junctions 
and to provide specific shape to the head of spermatids and 
acrosome during spermiation. The exosomes communicate 
Sertoli cells and germ cells; this communication regulates 
spermatogenesis [101,108-110].

Figure 4: Sertoli Cell Barrier.

 Blood Barriers Related to Female 
Reproductive System 

The female reproductive system is a complex and 
complicated structurally as well as physiologically more so 
in mammals. The related blood barriers are present in the 
various structural components of the system. 

Blood-follicle barrier and its concept: This blood tissue 
barrier is functionally present in the developing follicles 
in mammalian ovary. A basement membrane encloses the 
developing ovarian follicle. This membrane has specific 
permeability barrier, a property of a biological membrane 
or any other membrane. The endothelial cells present in 
the microvessels around developing follicle and the tight 
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junctions are the primary components of blood-follicle 
barrier. In spite of the fact that the blood-follicle barrier 
has been the target for investigations on its biological and 
regulatory functions for a fairly long duration but still there 
exists lacuna. The mechanism involved in the structural and 
functional aspects relate to adhesion protein complex and 
the dynamics of junctions of blood-follicle barrier is not very 
clear. Such studies will ease the understanding of physiology, 
pathogenesis and remedial modes. The follicular antrum 
(space) contains follicular fluid and it surrounds the ovarian 
folic. Follicular fluid is responsible to maintain unique 
suitable microenvironment that facilitates development and 
maturation of oocyte present in it. Morphologically, a well-
knit bed of capillaries is present around ovarian follicle. These 
capillaries are present in the theca interna. The follicular 
compartment is non-vascular. There is a specific basement 
membrane which isolates each and every follicle formed 
in the ovary. Their proteomic investigations indicate that 
there are differences in the protein composition and their 
concentrations between the follicular fluid and ambient blood 
serum or plasma. This aspect plays a crucial significant role 
during IVF procedures. During the proteomic investigations 
there many acute inflammatory phase proteins such as 
transferrin, afamin, ceruloplasmin, hemopexin haptoglobin 
and plasma amyloid proteins present in follicular fluid and 
these do not match with those present in plasma of the 
ambient blood during inflammation. This finding reflects on 
the inflammatory responses. The presence of antioxidant 
enzymes like superoxide dismutase, glutathione transferase, 
catalase, paraoxonase along with heat shock protein-27 
indicate the protective efficacy of a human follicle against the 
injurious impacts of oxidative stress [111,112].
 

Generally, and broadly, the protein contents of 
follicular fluid and plasma of ambient blood are supportive 
and furnish suitable growth factors required for the 
development and maturation of oocyte. The proteins with 
low-molecular weight present in both these fluids show 
some variations. In case of humans, this condition does not 
exist and this reflects on the presence of some ‘selective 
or molecular sieve mechanism’ that causes this difference 
in the molecular contents in the two fluids. This finding is 
based on the investigations involving tracers like ferritin and 
colloidal gold with 500 kDa and 1000 kDa molecular mass 
(weight) respectively. This technique helps to understand 
the selective permeability of the blood-follicular barrier 
and is charge and size sensitiveness. Understandably, 
proteins with lower molecular weight (less than 500kDa) 
could move across this barrier. Over all, the blood-follicular 
barrier consists of vascular endothelium, sub-endothelial 
basement membrane, the thecal interstitium, the follicular 
basement membrane and membrane granulosa [111,112]. 
A biological membranes or artificial membranes exhibit 
a specific property called ‘permselectivity’. This feature 

of the membrane relates with passage of the counter-ion 
through the given membrane. It also explains the loss of 
electromotive force because of the ‘nonideality’ of the test 
membrane. Normally, when preferred ions pass through a 
membrane an electrical potential difference develops and if 
during this process co-ions also pass through the membrane 
this electrical potential of the membrane declines. The 
permselectivity feature of the membrane is able to correct 
this electrical potential difference along the test membrane, 
specifically for cations and anion exchange membrane 
[113]. These parameters are likely to affect the efficacy of a 
membrane and the blood barrier ability. Generally, an ovary 
exhibits morphological and immunohistochemical specificity 
related to its functionality and immunological responses, 
more so, during cryotechniques or cryopreservation. The 
immunohistochemical techniques are helpful in such studies.  
Investigations involving this technique reveals that blood 
follicle barrier permits low molecular size proteins (albumin 
-69kDa) towards developing follicle while proteins with mid-
sized (IgG;150kDa) and inter-a-trypsin inhibitor (220kDa 
and fibrinogen (340kDa) have restricted passage. Proteins 
with higher molecular weight like IgM (900kDa) remain in 
the blood plasma of surrounding vessels. The blood-follicle 
barrier has a selective role and is seen during early stages 
of folliculogenesis and remains functional during developing 
and up to ovulation [112].
 

Blood Oviduct Barrier

Oviduct is another reproductive component that plays 
major role in the process of reproduction. Its development, 
structure and role vary in different vertebrates. Because 
of its functional significance, its blood supply needs 
to be scrutinized. The blood flow in oviduct during its 
development and functional physiology play an important 
role to maintain its genesis and oviducal fluid; these are 
essential for the formation and maintenance of appropriate 
luminal fluid medium that helps to maintain suitable 
environment and embryo undergoing development and 
maturation within. In case of mammals, intense adrenergic 
innervation and higher numbers of β-adrenoreceptors (its 
presence is debatable) helps the controlled blood flow in 
oviduct. Acetylcholine imparts vasodilatory effects as it 
releases endothelium-derived relaxing factors, specifically 
in blood vessels. The roles of adrenergic and cholinergic 
innervation need further confirmation; even the role of 
neuropeptide-Y and vasointestinal peptide containing nerve 
fibres in relation to blood vessels need further confirmation 
although their presence is reported in mammals. The 
relaxing and contracting factors modulate the vascular 
tone of oviduct. Acetylcholine and histamine are prominent 
neurotransmitters which act on endothelial receptors and 
helps in the production of nitric oxide. Further, activation 
of guanylyl cyclase and after appropriate accumulation of 
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cyclic GMP, these both effects cause relaxation of arteries 
of oviduct. In oviducal arteries the acetylcholine helps to 
release the endothelium-derived-hyperpolarizing factor 
and specific form of nitric oxide. This type of action is the 
result of opening of low-conductance Ca++, and activated 
K+ channels, thus, hyperpolarization and relaxation occur 
in oviduct. The oviducal vascular tone and potent and 
long-lasting contraction and relaxation are the impact of 
endothelium-derived contractile factor and endothelin. The 
high concentration of 5-hydroxytryptamine and histamine 
present in the mast cells present in oviduct and the histamine 
cause relaxation involving endothelium-dependent factors 
and activation of hydrogen receptors. The histamine plays 
a functional role during increase in the flow of blood and 
occurrence of edema, specifically, during ovulation and the 
antagonistic role of histamine and 5-hydroxytryptamine. 
This concept is debatable and needs confirmation. Other 
factors like products derivatives of relaxing and contracting 
cyclooxygenase, overall endocrine regulation, direct influence, 
modulation of neural and autocrine parameters also have 
their role during the functionality of oviduct [114]. The role 
of epithelial cells of the lumen as a ‘check post’ that helps 
to maintain optimum physiological milieu within oviduct; 
it prevents transport of unwanted and noxious metabolites 
and facilitate the entry of required metabolites; this concept 
is well established. This metabolic check is very essential for 
the processes like maturation of final gamete, fertilization, 
early embryonic development; but the physiological 
mechanism of these epithelial cells is still unclear [115,116]. 
The epithelial cells function as barrier and prevent the 
transport of noxious molecules in addition to other regular 
functions. Mostly gastrointestinal epithelium has been the 
target of investigations. Their properties like permeability 
and permselectivity play significant roles during transport of 
molecules across their membrane. The physical parameters 
like pressure, electric current, and polyvalent cations, 
organic molecules-both channels blocking and nonspecific 
(detergent), properties of the membrane, cyclic nucleotides, 
agents that activate microfilament, and specifically H- and 
Na+ influence the transport functions of epithelium [117]. 
The luminar epithelium of oviduct actively particate in the 
transportation, maturation of gametes, fertilization, and 
early development of newly formed embryo within oviduct. 
This epithelium seems to play very active in maintaining 
the suitable physiological medium that facilitates the 
processes occurring in oviduct Schweigert FJ, et al. [115], 
Epithelia may be considered as an electrical circuit that 
includes batteries and resistance [117]. The transepithelial 
electrical resistance (TEER) acts as a significant qualitative 
functional parameter in oviduct. This parameter reflects on 
the qualitative efficacy of the oviducal luminar epithelium. 
Comparative study between transepithelial electrical 
resistance and the morphological aspects and apical-
basal polarization (with respect to cellular height) and 

the degree of hormonal stimulation which is helpful in 
evaluating qualitative efficacy [116,118]. Specifically, in case 
of epithelial cells, the intercellular communications involve 
cytological, biochemical and cytophysiological features in 
the form of intercellular junctions [6,7,117]. Tight junctions, 
gap junctions, and desmosome junctions are present in these 
cells. The density and location of the cell junctions, and the 
geometrics of a cell are of prime concerns for the cellular 
functionality and behavior under pathogenesis and normal 
physiological status. Gap junctions allow the movements 
of selected biomolecules through the tubular hexagonal 
array. Spot-desmosomes and belt-desmosomes are on the 
whole connecting cells and provide mechanical strength to 
the connecting cells.  Tight junctions are the site of passive 
diffusion barriers [6,7,117,119].
  

Blood Uterus Barrier

The uterus as a whole along with its extracellular 
fluid exhibit exclusive specificity that ensures the most 
suitable extracellular fluid physiological environment 
to the developing embryo within. The different rate and 
concentrations of various biomolecules in the fluids of uterus 
indicate the existence of some sort of barrier between the 
blood and the respective fluids of uterus. The extracellular 
uterine fluids like vascular, endometrial and luminal fluids, 
play very significant role during journey of embryo from its 
entry up to the developed stage till parturition. Any type 
of cytological, functional and molecular discrepancy in 
these fluids and uterus influence the implantation, viability 
of the embryo, baby and the mother [120]. The uterine 
microvascular endothelium and epithelium act as lipoid 
layers and their water filled channels function like an efficient 
barrier and exhibit different degree of restrictiveness. Even, 
there is a selective transfer of biomolecules and stromal 
and migratory cells from one fluid compartment into other 
compartment and also in endometrial fluid as observed while 
investigating the compositional values of these fluids and 
role of some sort of check or cytological barrier during the 
passage of the biomolecules. During embryonic development, 
the fluid luminal milieu changes and is maintained due to 
permeability of the membranes involved or presence of 
blood-uterine barrier along with cytological functionalities 
of endometrium and also of the embryo. This is so because of 
the presence of active dynamism of the cellular boundaries. 
Further, the cytological dynamic efficacy of the membranes, 
these are considered as ‘blood-uterine lumen barrier’ [120].
 

Blood Placenta Barrier

Tables 1-4 Placenta is a unique temporary organ formed 
in the uterus of female mammal as result of coitus/ sexual 
mating. There are morphological differences in the placenta 
of different groups of mammals like, canine, equine, bovine 
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and humans [121]. Its basic histological aspects may show 
variations. It remains structurally and physiologically active 
till parturition, thereafter, it gets expelled from the system. 
It is the product of foetal and maternal tissues and remain 
separated but maintain very intimate contact at cellular 
and physiological levels. This intimacy is responsible 
for maintaining appropriate blood circulation between 
foetus and the mother. It is responsible for the exchange of 
respiratory gases, nutrients, along with waste metabolites 
from the foetus. It also protects the foetus from the infection 

in case mother gets infected [122]. Among mammals, placenta 
is made of syncytiotrophoblast cells (maternal tissue) 
and capillaries from foetus. It permits the transfer of IgG 
immunoglobin only among other maternal immunoglobins. 
The neonatal Fc receptor (crystallizable fragment of IgG) 
plays significant role in this transfer. Binding between Fc 
receptor and maternal IgG and this complex reach the 
target through the endosomes of syncytiotrophoblasts. The 
appropriate foetal physiological pH ensures its release in the 
circulation of foetus [123].

Types of Placentae

 Overall Representation of Types of Placentae Found in 
Veterbrates. (Amoroso, 1952) Basically, Placentae Are 
Classofied Based on the Degree of Intimacy Between 

Foetal and Maternal Tissues

Name of the Vertebrats in Which 
Present

A-Classification Based 
on Degree of Intimacy 

Between Foetal and 
Maternal Tissue

A-Non-Deciduos or Semiplacenta: In This Type the Placental 
Tissue is Superficially Embeded in the Uterine Wall. It Is 

Present in those Vertebrates Where Blastocyct Is Located 
within the Cavity of Uterus and Forms Projections That 

Embed Uterine Wall Superfically uniting With it Loosely. 
These Projections are Celled Chorionic Villi. at Paerturation. 
These Villi are Withdrawn from the Point of Attachment to 
the Uterine Wall as a result there no Damage of Ghe Tissue 

Hence no Bleeding takes Place During Parturition.

This Type of Placenta Is Present 
in Vertebrates Like Pig, Cattle and 

Horse Etc.

 

B-Placenta Vere or Deciduous Placenta (True Placenta): In 
this Type of Placenta Shows Highest Degree of Intimacy 

between Chorionic Villi (From Foetal Tissue) and 
Endometrium of Wall of Uterine (Maternal Tissue). During 

Parturition. The Mucosa of Uterine Wall Gets Eroded 
Causing Injury to the Point of Attachment, Hence Bleeding 
After Birth. Since this Placenta is Shed from the Ureter, this 

Condition Instructs Maximum Care of Mother After the Birth.  
It is Called Deciduous Placenta. This Placenta Shows Very 

High Degree of Efficacy, Activeness.  

This type of Placenta is Present in 
Primates, Dog, Cats, Rodents.

 
C-Contra-Deciduate Placenta: In this type of Placentae 

Exhibit Loss of Both Maternal and Foetal Components of 
Placenta, Hence It is Called Contra-Deciduate Placenta.

This type of Placenta is Talpa 
(Mole) Paramale (Vertebrate that 
Feel very Close to Being a Certain 
Gender but also Encompass other 
Gender that Prevents them from 

being Fully that Gender. 

Table 1: Overall Representation of Types of Placentae Found in Vertebrates.

Placenta /
Implantation

Types of Placentae Based on the Site of attachment in 
the Uterine Tissue to Ensure Attachment/Implantation 
of Embryo for Nutrition and Embryonic Development 

and to Ensure Successful Full Term of Pregnancy 
(Amoroso, 1952)

Examples 

Central and 
Superficial 

Implantation

This type of Implantation is Placed Centrally and is 
Superficial attachment with Uterine Mucosa. It Keeps the 

Embryo Within the Lumen of Uterus. 

Lower Vertebrates: Eutherians like 
Pigs, Cows, Rabbits, Sheep, Dogs and 

Cats  
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Ecentric Implantation

In this type of Implantation the Early Blastocyst attaches 
it Self in an Eccentric Manner with in Uterine Epithelial 

folds. In Due Course of Development these Folds Completely 
Envelope the Developing Embryo   

This type of Implantation/Placenta are 
Seen in Mouse, Rat, Beaver, Squirrel 

Interstitial 
Implantation 

In this type of Implantation, the Developing Embro Gets 
Embedded into the Uterine Mucosa Below Epithelium. The 
Uterine Endometrium Surrounds the Developing Embryo 

This type of Placenta is Present 
in Vertebrates Like Hedgehog, 

Guinea-Pig, Some Bats, Humans and 
Chimpanzee

Table 2: Types of Placentae Based on the Site of attachment in the Uterine Tissue to Ensure Attachment/Implantation of Embryo 
for Nutrition and Embryonic Development and to Ensure Successful Full Term of Pregnancy.

Names of 
Placenta Types

Types of Placentae Based on the Distribution 
of Villi Distribution of Villi in Uterus is another 

Parameter Tp Classify Placentae (Amoroso, 1952)
Examples

Diffused Placenta In This Type of Placenta Innumerable Villi Distribute 
Them Selves Uniformly Over the Complete Chorion 

This type of Placenta is Present in Vertebrates 
Like Pigs, Horses, Mares and in Cetaceans 

(Marine Mammals Such as Whales, Porpoise and 
Dolphins

Cotyledonary 
Placenta 

In type of Placenta, The Villi Aggregate in Specific 
Region (also Called Patch). This Placenta is in the 

form of Small Tuft, referred to as Cotyledon) While 
Rest of the Chorion does not Show any Villi and its 

Surface Remains Smooth    

This type of Placenta is Seen in Ruminants 
(Cud Chewing Vertebrates), Ungulates Like 

Cattle, Sheep, Dears; In Camels and Giraffes the 
Placenta Exhibits Intermediate form where Villi 
are Distributed in a Scattered Manner and also 

Appears as Cotyledon

Zonary Placenta 

In this type of Placenta, the Villi are Restricted to a 
Zone, Like Girdle Zone or an Annular Zone /Region of 
the Elliptical Chorion. This Distribution of Villi Covers 

the Girdle Zone Completely or Incompletely. This 
Morphological Form of Placenta is Seen Very Rarely.        

This Morphological Placenta Is Seen as 
Incomplete Zone in Animals like Raccoon and as 
a Complete Zone in Cases of Animals Like Dog, 

Cat, Seal 

Discoidal Placenta 
In this type of Placenta, the Villi are arranged as a 

Compact Circular Disc or Platelike Structure on the 
Dorsal Region of Developing Blastocyst  

This type of Placenta is Seen in Insectivores like 
Bats Rodents Like Mouse, Rats, Rabbit and Bear  

Meta discoidal 
Placenta

In this type of Placenta, the Villi are Present in a 
Scattered Manner all Over the Surface of the Chorion 

and in Due Couse of Duration of Development 
arrange themselves in Either one or two Disc Like 

Structures, Hence, Referred to as Mon discoidal and 
Di-Discoidal Placentae

This type of Placentae is Seen in Primates; Mon 
discoidal Placenta is Seen in Humans and Di-

Discoidal is Seen in Monkeys 

Table 3: Types of Placentae Based on the Distribution of Villi Distribution of Villi in Uterus is another Parameter Tp Classify 
Placentae.
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Names of Types of 
Placentae 

Types of Placentae based on the Degree of Intimacy between 
the Uterine and Foetal Tissues;  (Amoroso, 1952); Recap:  

The Uterine Blood Vessels and Foetal Blood Vessels Tissues 
Exhibit together Six Layers of Tissues: Namely I- Endothelium 
of Maternal Blood Vessel, Ii-Maternal Endometrial Connective 

Tissue, Iii-Uterine Epithelium, Iv-Chorionic Epithelium, 
V-Chorionic Connective Tissue, Vi-Chorionic Epithelium. These 
Histological Tissue Strata Ensure Selective Transportation of 

Metabolites to and Fro between the Tissues of Maternal Blood 
Vascular System and Foetal Blood Vascular System. Hence, are 

Regarded as Physiological Barrier between Maternal and Foetal 
Blood Vascular System       

Examples 

Epitheliochorial 
Placenta  

In This type of Placenta the Epithelium of Chorion and Uterine 
Epithelium are in Contact with Each other, Hence, It is Referred to as 

Epitheliochorial Placenta

This type of Placenta 
is Present in Pig (Sow-

Female Pig Used to Bread) 
Mare, Horse Cattle

Syndesmochorial 
Placenta

In this type of Placenta, the Chorion Comes Very Close to the 
Connective Tissue of Uterus Because the Quantity of Uterine 

Epithelium is Either Very Less or Becomes Absent, Hence, this type of 
Placenta is Called Syndesmochorion Placenta 

This Type of Placenta 
is Present in Ruminant 
Ungulates like Cattle, 

Sheep, Deer, Giraff

Endotheliochorial 
Placenta 

A Condition in Which the Uterine Mucosa is Reduced and the 
Epithelium of Chorion and Endothelial Layer of Maternal Uterine 

Blood Vessels Have Contact with Each Other. Thus, a Contact is 
Established between the Blood Stream in Maternal Uterine and the 
Foetal Blood Stream Invovling only 4 Histological Layers out of Six 

Layers.    

This type of Placenta Is 
Present In Carnivores 

Such as Dogs, Cats, Bears 

Haemochorial Placenta 

In This type of Placenta there is A Direct Involvement of Epithelium of 
Chorionic Blood Vessels and that of Maternal Blood Stream Because 

the Endothelial Tissue of Maternal Blood Vessel is Absent. Thus, Only 
three Historical Layers Get Involved in this Haemochorial Placenta        

This type of Placenta 
is Present in Primates, 

Insectivores (Moles, 
Shrews) and Chiroptera 

(Bats)

Haemoendothelial 
Placenta

In this type of Placenta there is a Maximum Reduction of 
Mesenchymal Tissue So that the Epithelium of Villi of Chorion 

And Endothelial Layer of Foetal Blood Vessel System Becomes in 
Direct Contact with Each Other. Thus, there Appears to be Only one 
Histological Layer between Maternal and the Foetal Blood System 

This type of Placenta 
is Seen in Mouse, Rat, 

Rabbit, Guinea-Pig

Table 4: Types of Placentae based on the Degree of Intimacy between the Uterine and Foetal Tissues;  (Amoroso, 1952); Recap:  
The Uterine Blood Vessels and Foetal Blood Vessels Tissues Exhibit together Six Layers of Tissues: Namely I- Endothelium of 
Maternal Blood Vessel, Ii-Maternal Endometrial Connective Tissue, Iii-Uterine Epithelium, Iv-Chorionic Epithelium, V-Chorionic 
Connective Tissue, Vi-Chorionic Epithelium. These Histological Tissue Strata Ensure Selective Transportation of Metabolites 
to and Fro between the Tissues of Maternal Blood Vascular System and Foetal Blood Vascular System. Hence, are Regarded as 
Physiological Barrier between Maternal and Foetal Blood Vascular System.

Structural and Physiological Aspects of 
Placenta Blood Barrier  

Placenta is basically a temporary structure formed 
during the onset of implantation during pregnancy and 
remains functional till the parturition. Placenta is embryonic 
structure to start with and becomes foetal functional organ. It 
is dedicated to maintain a suitable physiological environment 

for healthy development, growth of the embryo and foetus. It 
is the prime factor in maintaining full gestation period and a 
successful parturition. In addition to mammals, it is present 
in viviparous vertebrates including fish (genus: Poeciliopsis) 
[124], reptiles (placentotrophic species: Chalcides chalcides) 
[125].
  

Placenta is a complex, multilayered membranous and 
cytohistological entity dedicated to regulate the supply and 
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eliminate the specific exogenous and endogenous metabolites 
between maternal and foetal blood circulatory systems. These 
membranes consist of syncytiotrophoblast, capillaries of 
foetal blood circulation, endothelium and interstitial layer. 
Placenta exhibits variations in its structure, location, in 
various mammals but all these modifications ensure the 
developmental and functional efficacies and successful 
termination of pregnancy in the form of parturition. Any 
physiological and functional aberrant fluctuation can result 
in complications during pregnancy and/or parturition. (for 
various modification in the placentae in various mammals 
refer table nos-1,2,3,4). In human being, complications like 
pre-eclampsia, intrauterine growth restrictions and some 
physiological complications may occur [126,127]. Placenta 
histologically and physiologically plays an essential role in 
maintaining the most suitable intrauterine environment. 
The placenta ensures appropriate co-ordination of 
the physiological signals, mediation of exogenous and 
endogenous biomolecules and pharmaceutical products 
that facilitate the development, growth, nutrition and 
protection against infection and erroneous biochemical 
molecules.

The placenta distinguishes the maternal and the 
foetal blood vascular system cytologically its structural 
and functional aspects adapt in accordance to the 
progress of pregnancy. During first three months its 
syncytiotrophoblasts (also called Langerhans’ cells) along 
with mesenchymal tissue of the villi dominate as functional 
blood barrier. The mesenchymal tissue of villi has many 
ovoid ‘Hofbauer cells’ that exhibit macrophage behaviour; 
this mesenchymal tissue and the capillary walls of foetal 
blood system also facilitate the blood barrier function. 
The intact syncytio and cytotrophoblast layer/s and the 
mesenchymal tissue of the inner villi communicate with 
the microphagous cells and capillaries of foetus. As the 4th 
month progresses the cytotrophoblast disappears within the 
walls of villi and the thickness of the barrier tissue declines 
and the surface area elevates and attains say roughly 12 
m2 area at the final stage of pregnancy. During 5th month 
the foetal blood capillaries become much more intense and 
also shift closer to the surface of villi. The capillaries move 
very close to the surface of villi in the mid-third term of the 
pregnancy because the cytotrophoblast layer gently die out 
and syncytiotrophoblast becomes very thin. The nuclei of 
the syncytiotrophoblast form a dense group and appear as 
proliferation knot while other region of syncytiotrophoblast 
do show the presence of nuclei and becomes adjacent to 
the capillaries. The syncytiotrophoblast layer slowly die out 
making it very thin. This zone acts as exchange zone. This 
nucleus free syncytiotrophoblast region merges with the 
basal membrane and the endothelium acts as placental blood 
barrier. Thus, the exchange zone is well established in 6th 
month of pregnancy [128].

Physiologically, the maternal-foetal interface-a 
histologically constituting placental blood barrier, becomes 
capable to gets signals from maternal as well as from foetal 
blood circulation [129].  The tissues of the barrier receive 
these signals and response accordingly. These signals 
relate to regulation of transfer of metabolites, synthesis 
of hormones, growth factors, and allocation of various 
biomolecules and signals. All these functions relate with 
development of foetus, maintenance of pregnancy and 
appropriate intrauterine environment, selective movements 
of metabolites, elimination of waste and prevention form 
the pathogens and toxins [130,131]. Any disruption or 
dysfunction in placental tissue is likely lead to pathogenesis 
(intrauterine growth restriction, malnutrition, infection 
etc.). Further, on medication the pharmacological drugs have 
to reach the target for suitable remedy. The investigation on 
placenta provides relative better input in tissue engineering 
techniques, microphysiological studies, functioning of cells 
under developmental process, cytomacrophagy [131-137].

The physiological maternal health and 
medicophysiological status in all probabilities are bound 
to affect the health of the developing foetus. In addition 
to pathological status of mother, the nutritional metabolic 
status, during obesity and/or diabetic conditions affects 
the nutritional transport through placenta. Thereby, 
inducing the degree of growth of placenta and foetus [138].  
In spite of the overall efficacy as selective nature of placenta 
as blood barrier, some deficient mother-to-foetal/child 
transmission may occur; few viruses like rubella virus, Zika 
virus and cytomegalovirus (CMV), find their way to the 
blood circulation of developing embryo via placenta [139-
141].  The appropriate foetal physiological pH ensures 
its release in the circulation of foetus. Quantitatively, its 
transfer depends on the concentration in maternal fluid 
and this relates with the specific subclass. Thus, IgG1, 
IgG3, IgG4, and IgG2 show respective transfer efficacies 
in decreasing order [123]. The proteome in an organ has 
the ability to either synthesize the required proteins or 
procure them from the vascular circulation. The placenta 
along with the trophoblast have capability to synthesize 
the required biomolecules as per the functional needs. 
Generally, a placenta has approximately 350 genes which 
are functional during pregnancy; these express proteins 
like developmental retrotransposon-derived protein; in 
cytotrophoblast, gene for cancer testis antigen, prostate 
associated gene that protects cell against stress involving 
increased concentration of 21p and supressing ROS 
formation. In syncytiotrophoblasts genes for hCG1 
(human chorionic somato-mammograph/human chorionic 
somatotropin/ human placental lactogen kiss peptins like 
kiss peptin 54 (metastin) for G-protein coupled receptor 
(GPR54) (KISS 1) are functional. Genes for (PAPPA2: 
Pregnancy-associated plasma proteinA2) and (PRG-
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2: Proteoglycan-2/Eosinophil major basic protein) are 
functional in extraviollous trophoblast [142].

The process of DNA methylation seams to play effective 
role in the physiology of an individual. The methylation also 
influences the functioning of DNA and it does not change its 
sequence. When methyl group is attached to gene promotor 
the resultant methylated DNA inhibits the degree of gene 
transcription. DNA methylation has a significant role in 
the embryogenesis, developmental process and survival of 
embryo in humans. Basically, the process of methylation plays 
an effective role during genomic imprinting, inactivation of 
X-chromosome; even process like aging, carcinogenesis and 
functioning of transposable elements [143].
      

Hepatic Blood Barrier: (Blood Bile Barrier)

Primarily, liver is a prime site of detoxification, 
carbohydrate, protein and lipid metabolisms, and other 
metabolic activities. This demands a perfect suitable 
physiological environment to maintain physiologically 
healthy liver. The hepatic blood barrier, mostly referred to 
as blood-bile-barrier, plays most role in accomplishing the 
biochemical, biophysical physiological hepatic functionality. 
This cytohistological structure protects the liver tissue i.e., 
hepatocytes from the toxic impacts of bile and establishes 
histological demarcation between blood vascular tissue 
and the bile canaliculi system within liver. For healthy liver, 
a perfect and selective supply and transfer of metabolites, 
pharmaceutical drugs are required and blood-bile-barrier 
plays significant role in this aspect [63]. This barrier is 
cytohistologically consists of tight junctions, adherens 
junctions, desmosomes, gap-junctions, signalling pathways 
and transporters related to hepatocytes and bile. All these 
components of blood bile barrier ensure the physiologically 
appropriate hepatic functions and help to keeping unwanted 
and toxic metabolites at bay. This barrier also corelates 
with hepatic pathogenic conditions like cholestasis and 
other hepatochronic conditions or hepatic dysfunctions and 
pathogenic conditions [64].
 

The structural and functional cellular unit is hepatocytes. 
Fully developed hepatocyte has three recognizable 
membranes namely, sinusoidal or basal, lateral and canalicular 
or apical membranes. Sinusoidal/basal membrane faces 
hepatic sinusoids. These sinusoids (passages) have a lining 
of lose hepatic sinusoidal endothelium and direct blood 
to central vein from hepatic artery and portal vein. The 
canalicular membrane constitutes bile canalicular tubular-
mesh and carry bile acids from hepatocytes to intrahepatic 
bile duct via portal triads. The second membrane i.e., lateral 
membrane is placed in between the bile canaliculi and apical/
canalicular membrane; it is fused and coexists forming tight 
junctions also called ‘zonula occludens’. This arrangement 

separates the canicular/apical membrane and sinusoidal/
basal membrane and constitutes ‘blood-bile-barrier.’ The 
intercellular junctions affix the hepatocytes with each other 
and form liver cell plates. These intercellular junctions involve 
gap, tight and adherens junctions along with desmosomes. 
These aggregate densely in the region of canaliculi. The tight 
junctions between hepatocytes and surrounding the bile 
canaliculi pin the paracellular spaces present in between 
hepatocytes and also restore polarity of hepatocytes. In 
addition to tight junctions, adherens junctions, desmosomes, 
the gap-junctions are also present and facilitate the working 
of blood-bile-barrier. Because of the polarity of hepatocytes 
and the specific transporters present on them, all these 
regulate the collection of bile inside bile canaliculi and help 
the working of tight junctions. The cholangiocytes are the 
cuboidal epithelial cells and are present in the region of 
interlobular bile ducts. These get modified into columnar 
cells and secrete carbonate in the region of larger bile ducts, 
extrahepatic ducts and porta hepatica. Primarily, these 
cells transport bile acids and facilitate the functioning of 
hepatic cells [144]. These also have tight junctions and play 
functional role as barrier promoting transfer of bile from 
liver to extrahepatic biliary network [64,145,146].
 

Renal Blood Barrier

Renal blood barrier is technically known as glomerular 
filtration barrier (GFB). Glomerulus/nephron is the structural 
and functional unit of a kidney and it is the site of filtration of 
blood and formation of urine. Glomerulus is differentiated in 
to double walled Bowman’s capsule, neck, renal tubule and 
collecting tubule. A knot (dense bunch of capillaries) called 
glomerulus is enclosed in a double walled Bowman’s capsule 
while the renal tubule is enwrapped by copious blood 
capillaries. Both sets of capillaries are very intimate with 
the nephron. The trilaminar aspect of capillaries consisting 
of glycocalyx rich layer, fenestrated endothelial cellular layer 
and podocytes along with a membranous layer between the 
interdigital foot of podocytes. This cytological aggregation 
constitutes ‘glomerular filtrate barrier trilaminar’. The 
glomerular Bowman’s capsule performs ultrafiltration 
of blood. The glomerular filtrate blood barrier plays a 
significant role during the selective transport of metabolites. 
This selective metabolic transport is effectively applicable 
to drug screening, elimination of molecules used during 
imaging and research. The related studies are useful in the 
search of repertoire of mechanism processes like signalling 
in cell physiology [14]. This renal blood barrier/glomerular 
blood barrier offers an efficient cytohistological interface 
dedicated to specific selective molecular transport based 
on their charge and size. The milieu and the dynamics of 
blood flow through nephron have significant impacts on 
the activity and efficacy of the interface formed between 
glomerular endothelium, basement membrane of glomerulus 

https://medwinpublishers.com/ACT/


Advances in Clinical Toxicology
20

Lahir YK. Review: Cytohistophysiological Aspects of Blood Organ/Tissue Barriers. Adv Clin Toxicol 
2024, 9(3): 000316.

Copyright©  Lahir YK.

and podocytes. This is also responsible for its structural 
and physiological functional integrity [14,147- 149]. Any 
infection, pathogenic conditions, dysfunctions and damage 
lead to the deficient functioning of glomerular blood barrier 
[149].
   

Structural and Functional Aspects

Glomerular blood barrier exhibits a complex structural 
interconnectivity and an active interplay of the constituting 
components. This barrier is a trilaminar composition 
made of well-formed glycocalyx layer, fenestrated cellular 
endothelial layer and podocytes with their membranes 
sandwiched between interdigital podocyte feet. Glomerular 
endothelial cells cover the luminal interface surface of blood 
capillaries of glomerulus. The podocytes encase externally 
the blood vessel extending their primary and secondary feet. 
This association forms an interdigital motif. Permselectivity 
i.e., qualitative and quantitative separation of ions is one 
of the basic functions of glomerulus. The slit diaphragm 
present between the neighbouring foot process of podocytes 
also accomplishes this function. Glomerular filtrate blood 
barrier exhibits fenestrations in the basement membrane. 
The glycoproteins, proteoglycans and glycosaminoglycans 
of glycocalyx make a distinct lining in this region. It also 
measures and maintains charged ions, thus, effectively 
facilitate the process of permselectivity in glomerulus. The 
foot processes of podocytes are present on the opposite 
side of the basement membrane. These feet processes are in 
communication with the interlink proteins like podocin and 
nephrin, of slit diaphragm. These proteins help to regulate 
albumin in glomerular blood filtrate barrier. Blood flowing 
through this cytohistological setup undergoes selective 
filtration due to the efficient glomerular filtration barrier 
[14]. Podocytes and its cytoskeleton are responsible to make 
the architectural basic frame work and provide mechanical 
stability to glomerular filtration. The slit diaphragm is 
the result of interdigitated specific projections and these 
contribute to the overall physical stability of glomerular 
filtration barrier [150]. Podocytes play a significant functional 
role in establishing intercellular exchange of information 
between podocytes and other cellular components of 
glomerular filtration barrier. The studies based on genetics 
and genomics are helpful in elaborating the therapies related 
to glomerular filtration barrier. The mechanism related to 
inhibitor of apolipoprotein L-I, short transient receptor; 
potential channels, soluble free-forms like tyrokinase-I (also 
called soluble vascular endothelial growth factor receptor-I), 
roundabout homologue-2, endothelin receptor-A, soluble 
urokinase plasminogen activator surface receptor and 
substrate intermediate coenzyme Q10/CoQ10. These 
molecules reflect on the participation of mitochondria and 
mechanism of contractile actin-myosin during the physiology 
of glomerular filtration barrier [150].

Two of the prime parameters namely, renal blood flow 
and glomerular filtration contribute to renal physiology. 
A well organized balanced interplay of renin-angiotensin-
aldosterone system is another parameter that is essential 
for renal physiology. The changes in renal arterial pressure 
(decline) and elevated renal sympathetic activation due 
to beta- adrenergic receptors or reduced sodium supply to 
the cells of maculadensa influence the production of renin 
from juxtaglomerular cells. The interaction between renin 
and angiotensin (a product of liver) results in the formation 
of angiotensin-1. Angiotensin-1 involving angiotensin 
converting enzyme (product of lungs) forms angiotensin-
II. This angiotensin is responsible for induction of 
vasoconstriction and elevation of the pressure. When renal 
blood flow is weak or low angiotensin-II constricts the blood 
efferent arterioles and ensure appropriate rate of filtration. 
The angiotensin-II formed also activates the expression for 
aldosterone with in adrenal cortex, this results in increased 
sodium channel insertion, elevated activity of sodium/
potassium pump and the enhanced cellular potassium and 
hydrogen excretion. All these interactions together create 
an elevated gradient and affect the sodium and water 
reabsorption. Angiotensin-II also escalates the expression 
of antidiuretic hormone in the posterior pituitary gland. 
This hormone helps to bring about water adsorption by 
positioning aquaporin channels in the apical interface of 
membrane of the principal cells. This hormone also activates 
hypothalamus resulting in enhanced thirst. It also influences 
the mechanism for dehydration or mechanism to activate 
signalling for the state of low volume of water in body [151].
 

Under normal physiological functioning of glomerular 
filtration barrier maintains free permeability of water and 
molecule with small and midsized solutes of blood plasma. 
Any form of dysfunction or disruption of interactivity 
in the trilaminar constitutional or pathogenic status 
or defective inherited or acquired parameter results in 
defective performance of the glomerular filtration barrier 
[14,152,153].
 

Molecular Aspects of Glomerular Filtration 
Barrier

The glomerular filtration barrier needs specific 
structural, mechanical and molecular environment to carry 
out its task. The coherence of cytoskeleton of podocytes 
plays significant role in this regard. The slit-diaphragm 
arrangement is established due to the integrated nature of 
specialized projections of the podocytes and these contribute 
to the functional efficacy of glomerular filtration barrier 
physically and physiologically. Nephrin related proteins 
family is essential for the structural associated integrity of 
slit-diaphragm and the cytoplasmic tails are important for 
the signalling process. Additionally, the nephrin protein 
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family members form the molecular tight, adhesion, gap 
and neuronal junctions present in slit-diaphragm; these are 
responsible for the specific cell-to-cell connections Dalal R, et 
al. [154] and gene NPHS-I encodes nephrin and gene NPHS-II 
encodes podocin. These genes express exclusively at the site of 
slit-diaphragm. The proteins nephrin and podocin fasten and 
secure the cytoskeleton with plasma membrane. These proteins 
establish a bipartite scaffold among the interlace formed by 
the projections of podocytes and it may be regarded as tertiary 
foot processes. There is a spring-like-protein-bridge formed 
and this regulates the transfer of macromolecules. These 
proteins and the related molecular constituents establish 
the podocyte tertiary foot processes. The proteins encoded 
with CD2AP gene and proteins associated with attaching the 
podocytes to the basement membrane like α3β2 integrin and 
those constitute slit-diaphragm maintain glomerular filtration 
barrier. The dynamic control of actin cytoskeleton associates 
with the focal segmental glomerulosclerosis and nephrotic 
syndrome [150].

Pulmonary Blood Barrier/Pulmonary 
Blood Gas Barrier

The pulmonary blood gas barrier is very specific example 
of bioengineering where diffusion, exhibition of cellular 
functional applications of strength  and stress principles 
can be seen.  A constant rhythmical ventilation and self-
maintenance of tissue are in action under varied conditions. 
Its study is essential to understand the pulmonary physiology 
under normal and pathological conditions. Its successful 
regeneration, recapitulation and controlling efficacy of 
the pulmonary blood barrier during pathophysiological 
conditions can be observed simultaneously. Related 
investigations may be helpful in evaluating the derogative 
impacts of environmental stress, impact and fluctuations 
on the pulmonary blood gas barrier in human being and 
test animals in space, personnel working at high altitudes 
and deep-sea under-water assignments during ocean and 
oil explorations. The probable parameters involve during 
the functionality of pulmonary gas blood barrier or alveolar 
blood barrier, it isolates gas from blood from the enormous 
surface area of alveoli and capillaries. A fine thinness of 
wall of alveoli permits gaseous diffusion, robustness to 
withhold transmural pressure (inside pressure relative to 
outside pressure) and repeated dynamic transpulmonary 
impact, perpetuate physiological active air-liquid interface 
and facilitate effective ventilation and unobstructed alveolar 
functions [155,156].
  

Structural and Functional Aspects

The alveolar capillary barrier/pulmonary blood-gas 
barrier is present in the specific zone of lungs where exchange 
of gases can occur effectively. Generally, this barrier consists 

of type-I pneumocytes present in the alveolar wall and 
cells of capillary endothelium. The basement membrane is 
sandwiched between pneumocytes and cells of endothelium. 
Basically alveolar-capillary barrier concerns with the 
controlled gaseous exchange and prevents the formation of 
air bubble in the blood and the blood that enters the alveoli. 
This barrier permits the transportation of molecular carbon-
di-oxide, oxygen and carbon-mono-oxide. The thinness of 
the blood-gas barrier varies between 600nm to 2µm and at 
some zones it about 200nm. This feature facilitates sufficient 
diffusion of oxygen. In spite of fine thinness of the membrane 
of this barrier it is very tough and strong. The type-IV 
collagen is present between the epithelial and endothelial 
cells and this collagen is the cause of the toughness of the 
membrane of this barrier. The pressure difference around 40 
mm of mercury causes ruptures of the barrier membrane. 
The major five types of cells are present in the pulmonary 
parenchyma. Alveolar-I type epithelial cells (around 8%,), 
alveolar-II types cells (around 7%), type-I-pneumocytes 
(around 16%), cells of endothelium of capillary (around 
49%), cells present in the interstitial space and alveolar 
macrophages (around 19%). The proportion of alveolar cells 
and the percentage of other cells of blood alveolar blood 
barrier varies in different species. The numbers of alveolar 
macrophages varying between smokers and no-smokers 
(male and female both) [156]. 

Gaseous exchange, thermal and immunological 
responses are the prime functions of lungs. These responses 
are the result of intense interactions between the functional 
epithelium, intact alveolar capillaries membrane and viable 
endothelium. Pulmonary epithelium is the primary target 
and vulnerable to the personal human habits, pathological, 
congenital and acquired diseases, and environmental insults. 
During these insults and other physical and physiological 
impacts this alveolar component exhibits processes like 
repair, remodelling and regeneration/reorganization. When 
the derogative impacts become sever, these processes take 
a back seat and as a result dysfunctioning of epithelio-
vasculo-mesenchymal tissue occurs [157]. These conditions 
call for some technologies and efforts for restoration of 
the structural and functional normalization suggested the 
technique like de-epithelization in the said tissue is suitable 
for such investigations [157].

Skin Blood Barrier

Skin is a multifaceted organ and it is protective, limiting 
membrane of a biosystem. It is responsible for the formation 
of epidermal derivatives like scale, hair, fir, feather, and 
exoskeleton among crustaceans. This cellular multilayered 
seemingly simple is very complex and this complexity 
renders it the most useful components of a biosystem. A 
healthy skin is an effective barrier and prevents skin form 
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mechanical, chemical, thermal and site for microbial damages 
or environmental insults.
  

It consists of three cellular layers namely epidermis, 
dermis and subcutis. Among animals it is made of epithelial 
cells arranged is specific layers. Cells of this layer are 
interconnected through cellular junctions and exhibit 
very strong cohesion. This barrier has outermost layer 
of keratinocytes (horny/cornified dead layer-stratum 
corneum, product of keratinization). Just inner to this layer 
there is a living cellular resilient layer that is responsible 
for mechanical cohesion among the cells involving 
desmosomes, adherens and tight junctions [158]. The cells 
of epidermis have corneocytes (epidermal cells) arranged 
in a brick-mortar manner. Each corneocyte is brick shaped 
and embedded in epidermal lipid matrix communicating and 
adhering with neighbouring cells via corneodesmosomes; 
their cytoplasm has many natural moisturizing factors. 
This lipid is in the form of multilayered lamellar sheets 
rich in ceramides, cholesterol, and free fatty acid [159]. 
This cytological arrangement controls molecular diffusion 
(trans-epidermal water loss/diffusion) form interior to 
outside as well as chemicals from outside into inside. This 
diffusion is intracellular involving epidermal lipid matrix 
and also functionally transcellular via corneocytes. The 
parameters such as, tight junctions, the proteins constituting 
scaffolding, layered brick-mortar arrangement within lipid 
matrix, the interactions between proteins of keratinocytes, 
the distance/thickness of a layer of corneocytes, size and 
cohesion between these corneocytes contribute to the rate 
of diffusion through this part of the skin. The filaggrin-rich 
keratohyalin derivatives along with filaggrin and lamellar 
granules are present in keratinocytes. These also have lipids, 
proteases, protease-inhibitors, antimicrobial peptides and 
corneodesmosin-a structural protein. Granular keratinocytes 
have lamellar granules which discharge their contents into 
the extracellular space present below. This whole process is 
helpful to maintain homeostasis and barrier ability of the skin 
[158,160]. The structure and mechanical integrity of stratum 
corneum is due to filaggrin which is a specific structural 
protein itself and its aggregated form. This molecular 
congregation is responsible for the structural and mechanical 
property of stratum corneum [161]. The epidermal proteins 
like filaggrins and its derivatives present in the keratohyalin 
granules of keratocytes of stratum granulosum are the 
primary constitutional components and responsible for 
epidermis as a multifunctional entity. Dephosphorylation, 
enzymatic deimination of cornified keratinocytes and pro-
filaggrins play major roles in dispersing filaggrin within 
corneocytes and form crosslinked cover over them. The 
free amino acids from the filaggrin are responsible for the 
natural moisturising factor related to stratum corneum. The 
acidification of liquid-liquid phase of cell contents of these 
cells has modified physiochemical features that facilitates 

the incrimination of dispersed proteins at the interface and 
help their condensation after its cornification [161-163].

The interconnections between intercellular junctions 
with the cytoskeleton is the key functional barrier 
component of skin blood barrier. A well-established 
transcellular network is essential and intercellular units 
like adherens junctions, are very helpful in this regard. 
These intercellular units associate with cell membrane and 
cytoskeleton. Cadherin/cadherins-complex–a component 
of adherens junctions, also involves in the formation of 
tight junctions and desmosomes. Occludins, claudins and 
E-cadherin are major transmembrane proteins and these 
also form tight junctions. These proteins link with zonula 
occludins and are present on the inner side of cell membrane 
towards the cytoplasm connecting with cytoskeleton via 
actin filaments. Tight junctions are also a component of the 
barrier (external) and control the to-and-fro movements 
of water molecules. Exchange of ions, metabolites, and 
secondary messengers move in and out of the epidermis 
through gap junctions forming channels that regulate 
cytosols. Connexins are the constitutional components 
and participate in proliferation of keratinocytes. These 
are essential for wound healing, psoriasis and dermal 
cancer. Gap junctions participate in coordinating cellular 
differentiation and ensure appropriate coupling between 
electrical and metabolic constituents. All these are also 
important components of skin barrier. Desmosomes 
are present in the stratum corneum but in the form of 
corneodesmosomes. Desmosomal cadherins, desmogleins 
1-4, desmocollins 1-3 together form desmosomes. 
The desmosomal plaques-a product of link between 
desmosomal cadherins and molecular network, connects 
keratin filaments [158,164-166].

The appendages derived from epidermis also facilitate 
the efficacy of skin as barrier, namely, nails, hair, sebaceous 
glands and sweat glands. The proximal nail fold and nail plate 
acts as a barrier to water molecules, chemical and microbes. 
Hair help to maintain body temperature, to detect warning 
signals for the scalp and safe-guards. It provides protection 
from minor skin trauma; density of hair also protects 
epiderma against solar exposure and production of sebum. 
Sebaceous glands regulate water loss, temperature and 
act as an antimicrobial agent. Sweat glands maintain body 
temperature and dermal pH (normal rage 4.5 to 5.5); dermal 
acidity is essential for dermal permeability. The dermis/
subcutis consists of predominantly of adipocytes and is 
helpful in thermoregulation, to reduce impact of external 
dermal mechanical shocks and protection. Connexins and its 
family members help in epidermal hemostasis and epidermal 
barrier structurally and functionally. These proteins and 
their defective expression and their functioning are the 
causes of pathological conditions like ectodermal dysplasia, 
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eczematous dermatitis, non-syndromic hearing loss, and 
wound healing related abnormalities [167].

Biochemical and physiological environment of skin 
blood barrier. The skin has acidic environment pH (range 
The acidic 4.5-5.5). The dermal acidity is essential for its 
permeability nature. The enzymes like β-glucocerebrosidase 
and acid sphingomyelinase are present in stratum corneum 
and exhibit optimum respective enzyme activities. These 
enzymes help in the formation of ceramides and free fatty 
acids. These molecules result in the suitable diffusion via 
epidermis and its functional maintenance. The acidic pH 
controls the efficacy of kallikrein-5 and kalloikerin-7; these 
bring about cleavage activity of corneodesmosomal proteins. 
These proteins are responsible for the adhesion amongst 
corneocytes. The dermal acidic environment is very effective 
in preventing colonization of pathogens and provides 
support to the normal dermal microbiome [158].
 

Blood-Ocular Barrier

This blood barrier controls the movements of unwanted 
metabolites from the systemic blood to the parts of an 
eye and provides the suitable physiological ambient 
environment. Conceptually, this is a cytophysiological barrier 
that regulates to-and-fro molecular transfer to the parts of 
eye and the blood flowing in the local blood capillaries. The 
vitreous (clear transparent fluid), lens and ciliary body, along 
with its associated components divides the interior of bye-
ball into smaller anterior and bigger posterior chambers. 
Anterior chamber is filled with aqueous humour which is a 
clear, transparent and relatively thinner fluid while posterior 
chamber is filled with vitreous humour, transparent, clear 
and relatively thicker fluid. Chemically, it is 99% water and 
remaining 1% is collagen and hyaluronic acid. The blood 
ocular barrier (BOB) system consists of two sub-systems 
namely blood aqueous ocular barrier and retino-blood 
barrier/blood retinal barrier [168]. Cytohistologically, 
endothelium of blood capillaries of retina, iris, ciliary body 
and retinal pigment of epithelium constitute blood ocular 
barrier. This barrier regulates the transfer of metabolites and 
pharmaceutics between blood, the interior fluids the parts of 
an eye. The functioning of this barrier gets affected during its 
inflammation. The cells of non-pigmented ciliary epithelium 
and endothelium of the blood capillaries in the vicinity are the 
structural and functional parts of the ‘blood ocular barrier’. 
The tight junctions present between non-pigmented ciliary 
epithelial cells play major role in formation of this epithelial 
barrier. The proteins constituting tight junctions present 
between vascular endothelial cells are similar to those 
present in epithelial tight junctions; such junctions are seen 
in iris also. The endothelial barriers are present in vascular 
capillaries of iris [168]. Blood ocular barrier is responsible 

for maintaining suitable nutritional state, functionality of 
cornea and the lens. Dysfunctioning of this barrier results 
in conditions like trauma, ocular inflammation, vascular 
diseases and ocular surgery. Leakage of unwanted proteins 
(plasma proteins) due to the defective blood ocular barrier 
results in ‘cloudy conditions’ in anterior as well as posterior 
chambers. The presence of fibrinogen and other proteins in 
these components causes plasmoid condition. Any structural 
damage to the components of blood ocular barrier also 
induces inflammation in the nearby cells [168]. Blood retinal 
barrier system: Biophysically, blood interacts with retina at 
two interfaces; interface between retinal blood capillaries 
and interface between choroid-retinal pigment epithelium. 
These two interfaces are involved cytophysiologically with 
blood retinal barrier. There are tight junctions between the 
endothelial cell of retinal blood capillaries; this set of tight 
junctions may be considered as ‘inner blood retinal barrier’. 
The other set of tight junctions is located between the cells 
of retinal pigment epithelium and this may be considered as 
‘outer blood retinal barrier’.  The molecules having molecular 
mass between 20 to 30 kDa do not move through the inner 
blood retinal barrier. The molecules with lesser molecular 
mass such as glucose, ascorbate move across this barrier 
due to ‘facilitated diffusion’ i.e., ‘active transport’. This mode 
of molecular transport also helps the movements of organic 
anions, fluorescein and prostaglandins. The outer blood 
retinal barrier i.e., the cells of the pigmented epithelium, are 
interconnected with zonula occludens (a complex made of tight 
intercellular junctions) that permits to-and-fro movements 
(bidirectional moments) of variety of molecules including 
glucose.  Mass flow of fluid towards the choriocapillaris occurs 
and involves functional mechanisms of Na+/K+ATPase pump. 
This transport is passive transport and is responsible for 
the transfer of amino acids and glucose as non-ionic solutes. 
The directions of this movement are from vitreous towards 
blood depending on the concentration gradient. Its efficacy is 
restricted and involve the movements of sodium, potassium, 
phosphate and glucose [168,169]. Blood retinal barrier is 
another component of blood ocular barrier. The endothelial 
cells (single layer) of non-fenestrated blood capillaries of 
retina and pigmented cells of retinal pigment cell (epithelial 
cells) together form ‘blood retinal barrier’. The tight junctions 
of these cells check the movement of larger molecules from 
capillaries of choroid and retina [170-172].
 

Blood Thymus Carrier    

Thymus is a lymphoid bilobed gland functionally related 
to the immune system. It is situated in thorax anteriorly 
to superior mediastinum behind/dorsally to sternum 
and in front of heart. Basically, it is the site of formation 
and maturation of thymus lymphocytes (thymocytes) or 
commonly called T-cell. There is a lining of epithelial cells, 
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these participate in the maturation of thymocytes and are 
considered under adaptive immune system.

The thymus gland is covered by a septae. Each thymic 
lobe is differentiated in to central zone called thymus medulla 
and peripheral zone called thymus cortex. The subcapsular 
cells are squamous epithelial layer and function as blood 
thymus barrier. The epithelial cells of middle layer of cortical 
region are called thymus stellate and are made of cyto-
reticulate cells. The cells of inner most layer of cortical region 
is squamous in nature and act as corticomedullary barrier. 
The thymic medullary zone differentiates in to squamous 
thymic epithelial and cyto-reticulate layer. The blood thymus 
barrier consists of epithelial cells and are placed very close 
to the vicinity of capillaries wall. These cells have dense 
intercellular junctions, transporters and less numbers of 
pinocytotic vesicles.  These regulate and select molecular 
movements across. The numerous cytoplasmic processes 
arising from the cells of endothelial cells and the adventitial 
cell extend towards the lumen of outside capillaries which 
also facilitate the selective molecular transport. This 
cytological set up can be readily seen using intravenous 
thorium dioxide movements in traces. This barrier also 
distinguishes the T-cells from the other blood cells flowing in 
the vicinity of least fenestrated capillaries. The blood thymus 
barrier permits restricted entry of circulating antigens to the 
developing cortical lymphocytes. This barrier allows limited 
movement of macromolecules and circulating antigens; in 
the juxtamedullary region, cortical venules and in medulla 
stops the circulating antigens from blood stream into cortex 
of the thymus where development of T-cells occurs [173]. 
The selective and controlled distribution of macromolecules 
in the medulla of thymus from the circulating blood in the 
vicinity, depends on degree of differential permeability 
of the vascular membrane forming blood capillaries in 
the region, strategic placement of macrophages in the 
parenchyma of blood capillaries and spatial arrangement 
of the histological components of medulla. The endothelial 
junctions present in the blood capillaries in cortex are 
completely impermeable. Only slight amounts of tracers 
move across plasmalemmal vesicle via capillary endothelium 
and the macrophages present in stretched manner in the 
cortical capillaries [174,175].  The self-antigens present on 
the dendritic cells, and other molecules present in the blood 
stream of the vicinity of thymus medulla get transferred. 
This molecular transfer induces tolerance and maintain 
uninterrupted immigration of T-cells precursor into medulla. 
The cortico-medullary junction helps to withdraw the 
mature thymocytes in thymus medulla. There is an optimum 
expression for proteins specifically claudin-5 (Cld-5) in 
all vascular epithelial cells present in thymus cortex. The 
protein, claudin-5 is present in all tight junctions present 
in thymus cortex. But the expression of claudin-5 declines 

in the epithelial cells present in thymus medulla and 
corticomedullary junctions. Intravenous administration of 
biotin tracer did not show access successfully in the blood 
capillaries present in the cortical region while the traces 
of biotin reach parenchymatous tissue of medulla through 
blood capillaries having tight junction having claudin-5. 
This indicates the declined degree of expression of protein 
claudin-5 in these cells. In all probability, a distinct profile of 
expression of claudin-5 plays an important role in regulating 
the selective transfer of molecules, and T-cells and it acts as 
gate-way between thymus cortex and thymus medulla [176].

The size and activity of thymus reduces as the individual 
grows; it attains maximum size and activity during the 
neonatal and preadolescent; in later stages of the individual. 
It declines gradually and adipose tissue takes over the 
functional tissue. This does not stop the formation of T-cells 
even in adult stage. The epithelial cells together form Hassall 
corpuscles. The thymus nerve cells help in functional maturity 
of thymocytes (T-lymphocytes). Thus, in this region the 
thymocytes becomes positively and negatively responsive. 
When these matured thymocytes (T-cells) interact with the 
receptors of major histocompatibility complex (MHC), these 
thymocytes are classified as positively selected T-cells and 
their response is positive selection. Those matured T-cells 
which do not interact with the other proteins of the body are 
classified as negative selected T-cells and their behavior is 
negative selection [173].
   

Blood Pancreatic Barrier 

Pancreases is one of the digestive glands associated 
anatomically with intestine within the close proximity of 
stomach. Pancreas gland has exocrine as well as endocrine 
components, acinar glands and Islets of Langerhans 
respectively. Both of these components have modified 
epithethilial cells arranged in a specific group. In case of 
acinar gland these cells form a hollow alveoli like structure 
enclosing a lumen that leads to the pancreatic duct while in 
case of Islet of Langerhans the modified cells are grouped 
as one rounded spherical mass within the pancreatic tissue. 
In both cases there is a distinct base membrane to which 
the peripheral cells are in communication. The β-cells of 
Islets of Langerhans are enclosed by either single or double 
basement membranes with very thin or no endothelial 
tissues. Generally, the basement membrane is effective, 
protective and functionally active. The basement membrane 
establishes an organized intercellular contact between the 
respective cells and the components of surrounding tissue. 
This intercellular link provides a physical, biochemical, 
biophysical and molecular contact that brings a physiological 
molecular functionality with the ambient tissue organization 
and the microenvironment. The laminins are the prime 
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functional component present in basement membrane. 
The isolaminin-511 (formerly known lamini-10) is present 
as functional component of basement membrane that 
encloses human endocrine islet. This membrane exhibits 
powerful and polarized expression of a protein that is called 
Lutheran glycoprotein which is prime receptor that interacts 
with laminin α5 chain. The human endocrine basement 
membrane has specific receptor -Lutheran glycoprotein, on 
the basal membrane around human islets facing it [177].  
Pancreas being exocrine as well as endocrine gland has 
a complex functional mode and is harmonized involving 
integrated responses because of functionality of nervous 
circuit. This nervous circuit includes sensory fibres form 
sympathetic and parasympathetic nervous systems and 
vagus nerve. Other systems like reticular activating system, 
mesencephalic centres, hypothalamic autonomic nervous 
system, thalamocortical circuits and interoceptive centres 
are the prime regulatory agents that synchronize pancreatic 
functionalities [177-182].
 

Conclusion

The composition of a blood barrier includes selective 
semi-permeable membrane, endothelium, pericytes, 
capillary basement membrane, astrocytes, tight junctions 
and enzyme or metabolic barriers. These components 
are suitably architectured involving the interstitium of 
the concerned organ. Fine blood vessels from peripheral 
circulation in a manner that maintain fine difference between 
the supply of peripheral blood and the blood present in 
the related organ. Each prime organ requires essential 
micro and ambient environment to maintain its specific 
assigned physiological function and blood barrier has its 
exclusive role accordingly. These specifications depend on 
the homeostatic, biochemical and neuronal-physiological 
conditions of the organ. The blood barrier helps to maintain 
such conditions. The rate of blood flow, degree of vessel 
permeability, thickness of wall of capillaries, physicochemical 
properties of the biomolecules, drugs, unwanted molecules 
and cellular blood components influence the physiological 
environment. Each and every organ is physiologically 
efficient to carry-out its assigned function/s with the help of 
its neural, hormonal coordination and specific blood barrier. 
Techniques like immunohistochemical techniques, cell 
culture, electron microscopy, use of tracers, proteomic are 
suitable to investigate blood barrier functioning. Basically, 
each biological cell has ability to tolerate and struggle 
to survive the physiological and environmental insults. 
Further investigations will illustrate more on the theoretical 
and applied aspects of blood organ barrier in the field of 
pathological conditions and drug designing for remedial 
aspects.
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