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Abstract 
Introduction: Skin is the largest organ in the body consists of three layers, epidermis, dermis 
and hypodermis. Skin along with its accessories like nails, hair follicles, sweat glands and 
sebaceous glands forms the integumentary system. Skin acts as a barrier between the external 
factors and internal environment and gives protection to deeper tissues in the body. Skin cancer 
is the fifth most common type of cancer. Materials and Methods: Samples for this study were 
taken from human cadavers. Histochemical study was done with Van Gieson’s method for 
collagen fibers, Weigert’s resorcin fuchsin for elastic fibers and Mallory’s trichrome stain for 
connective tissue were used to study the connective tissue. Collagen, elastic fibers and cells in 
the interstitium of skin were analyzed. Results: Thick and thin collagen fibers were found to be 
arranged in vertical and horizontal direction in the dermis. Mast cells and macrophages were 
more in number in the interstitium near the vessels. Fibers surrounding the vessels transfer the 
mechanical pressure to the lymphatic vessels. Initial and collecting lymphatic vessels were 
identified. Conclusion: The arrangement of fibers and distribution of cells in the skin helps in 
understanding fields like regenerative medicine and tissue engineering. 
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Graphical Abstract 

 

Introduction 
Human skin is the largest organ, 

made up of three layers, epidermis, dermis 
and hypodermis. There are two types of 
skin, thin skin and thick skin. Outermost 
layer is epidermis, formed by stratified 
squamous non keratinized epithelium and is 
avascular in nature. Developmentally 
ectoderm layer gives rise to epidermis. 
Dense irregular connective tissue forms the 
dermis and is richly supplied with blood 
vessels and nerves. The connective tissue of 
both thin skin and thick skin consists of 
interstitial space in the interstitium. The 
structure and function of the skin is 
maintained by the extracellular matrix 
(ECM), cells and fibers. The ECM is a 
compound arrangement of macromolecules 
such as proteins, polysaccharides and 
adhesion molecules, which provides 
mechanical support and allows the passage 

for biochemical signals to the surrounding 
cells [1]. Fibroblast, Adipocytes (fat cells), 
mast cells and macrophages are the cells 
present in the connective tissue matrix. 
Along with these cells undifferentiated 
multipotent mesenchymal cells are present. 
Fibroblasts are the primary cells responsible 
for the production of ECM and the structural 
proteins are collagen, elastic and reticular 
fibers. Collagen provides firmness and 
tensile strength and elastic fibers allows the 
skin to widen and recoil by its elastic 
property. The gel like ECM is due to the 
hydration of hyaluronic acid present in 
proteoglycans and glycosaminoglycans [2]. 
Mast cells and macrophages are the immune 
cells respond directly to any infections, 
injuries or irritation of skin and both cells 
remove the pathogens, dead cells and 
regulate the tissue repair. Reticular fibers 
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forms mesh work like structure and support 
the surrounding cells and tissue. 

Superficial part of the dermis is 
papillary layer made up of loose areolar 
tissue and it produces finger like projection 
into the epidermis called papillae [3]. 
Deeper layer of the dermis is called reticular 
layer formed by dense irregular connective 
tissue. The collagen fibers extend into the 
hypodermis for anchoring. Hypodermis is a 
loose areolar tissue consists of more adipose 
cells and also called as superficial fascia. 
Adipose cells store fat and provide 
insulation and cushioning effect for the skin. 
The space between the cells and fibers in the 
connective tissue is called as interstitial 
space. Fluid present in this space is called as 
interstitial fluid. The interstitial fluid 
provides a medium for the exchange of 
nutrients and waste materials between the 
blood vessels and cells. 

Skin along with its accessories like 
nails, hair follicles, sweat glands and 
sebaceous glands forms the integumentary 
system. Skin plays a vital role and gives 
protection to deeper tissues in the body. 
Continuous exposure to ultra violet radiation 
causes melanoma and non melanoma skin 
cancer. Skin cancer is the fifth most 
common type of cancer worldwide with 
increasing incidence [4]. Skin produces 
vitamin D3, cholecalciferol from 7-
dehyrocholesterol on exposure to ultra violet 
radiation [5]. Skin may be affected by 
melanomas, cancer and some genetic 
diseases like albinism and vitiligo. The fluid 
and structural atmosphere around cells is 
provided by the interstitial space that exists 
between blood arteries and cells. The fluid 
from the circulatory area continuously filters 

by means of microvessels through the 
interstitial space in most tissues under 
normal circumstances, without being 
reabsorbed [6]. Clinically some drugs are 
given through skin in topical routes [7]. 
Interstitium apart from providing a structural 
support, it also acts as a medium for 
transport of fluid and immune cells. 

The purpose of this study is to 
identify the interstitium as dynamic 
structure, the extra cellular matrix and its 
significant role in fluid transport and 
immune cell trafficking. Understanding the 
function of the interstitium may help in 
identifying the process behind frequent skin 
disorders like inflammation, fibrosis and 
edema. The interstitium located beneath the 
skin is continuously exposed to infections 
and environmental assaults. Moreover, since 
the interstitium has a direct connection to 
the lymphatic system, studying its function 
may reveal the connections between the 
disorders such as cancer metastasis, 
autoimmune disorders and the interstitial 
space of the skin. 

In the present study, we have studied 
the fibers and cells in the interstitium of skin 
involved in immune surveillance. 
Knowledge of interstitium helps in disease 
pathology, immune response, wound healing 
process, tissue regeneration and possible 
clinical applications in the management and 
prevention of skin associated disease 
conditions. 
 
Materials and Methods 

Histochemical study was conducted 
on the human cadaver skin. Skin samples 
were collected from both male and female. 
Samples were obtained from scalp, arm, 
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front of thigh, pectoral region and anterior 
abdominal wall. Study design was 
experimental study, conducted in 
department of Anatomy, Aarupadai Veedu 
Medical College & Hospital, Pondicherry, 
India. Ethical clearance was obtained from 
the Institution ethical committee 
(AV/IEC/2022/023). 
 
Tissue Processing 

Human skin tissues were obtained 
from both male and female cadavers. The 
tissues were processed for light microscopy. 
To prevent putrefaction and autolysis the 
collected tissues were fixed in formal saline 
at room temperature. Formal saline contains 
50ml of formalin, 450ml of water and 1.8g 
of sodium chloride. After primary fixation, 
tissues were washed under running tap water 
overnight. Dehydration was done by passing 
the tissues from ascending grade of 50% to 
absolute isopropyl alcohol. Clearing was 
done with two changes in xylene. Infiltration 
was done with paraffin wax at 600C in wax 
bath. Each tissue was embedded in separate 
paraffin block. The sections were taken in 
rotary microtome of 5µm thickness. The 
sections were taken in clean glass slide.  
 
Histochemical staining  
Van Gieson’s method for collagen fibers 

Van Gieson Solution was prepared 
by mixing 100ml of saturated aqueous picric 
acid solution with 10ml of 1% aqueous acid 
fuchsin solution. To this 100ml of distilled 
water was added. Procedure: The sections 
were deparaffinized in xylene for 5 minutes 
with two changes. The slides were dipped in 
descending grades of alcohol and washed in 
water. Nuclei were stained by the Celestine 

blue-hematoxylin sequence. Differentiated 
with 1% acid alcohol and washed in tap 
water. Counterstained in Van Gieson 
solution for 3 minutes and dehydrated 
through ascending grades of alcohol. 
Cleared in xylene and mounted with DPX 
[8]. 
 
Weigert’s resorcin fuchsin for elastic 
fibers:  

Preparation of reagents: 1 g of basic 
fuchsin and 2 g of resorcin was added to 100 
ml of distilled water. Boiled and 12.5 ml of 
freshly prepared 30 % ferric chloride 
solution was added. Boiling continued for 5 
minutes. Cooled and filtered, and the filtrate 
was discarded. The whole precipitate was 
dissolved in 100 ml of 95% ethanol using 
water bath and 2 ml of concentrated 
hydrochloric acid was added. The precipitate 
in a solvent prepared by mixing 50ml of 2-
methoxyethanol with 50ml of distilled 
water. To this 2ml of concentrated 
hydrochloric acid was added. Procedure: 
Sections were deparaffinized and taken to 
alcohol. Slides were placed in resorcin 
fuchsin solution for 3 hours at room 
temperature and rinsed in tap water. 
Background staining was removed by 
treating with 1% acid alcohol. Rinsed in tap 
water. Counterstained with Van Gieson 
solution and dehydrated through ascending 
grades of alcohol. Cleared in xylene and 
mounted [8]. 
 
Mallory’s trichrome stain for connective 
tissue 

Reagents prepared were Acid 
fuchsin: 1g of acid fuchsin and 0.9g of 
Biebrich scarlet was added with 100ml of 
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distilled water. Phosphomolybdic acid: 1g of 
phosphomolybdic acid was mixed with 
100ml of distilled water. Orange G: Orange 
G 2g, Oxalic acid 2g and Aniline blue 0.5g 
was added to 100ml of distilled water. 
Procedure: The slides were deparaffinized 
with Xylene and the sections brought to 
water. Slides were kept in acid fuchsin 
solution for 2 minutes and rinsed with the 
distilled water. Again the slides were dipped 
in phosphomolybdic acid for 2minutes and 
washed in distilled water. Sections were 
kept in orange G solution for 15 minutes. 
Slides were washed in running tap water and 
dehydrated with ethanol. Cleared with 
xylene and mounted [8]. 

Results 
Histochemical analysis of skin 

samples were analyzed for the pattern of 
arrangement of fibers and formation of 
interstitial space and its importance. In the 
reticular part of dermis, thick collagen fibers 
are found to be horizontally arranged and 
between the horizontal fibers thin collagen 
fibers are arranged vertically. Interstitial 
spaces are found between the collagen 
fibers. Fibroblasts (F) were found nearer to 
the mast cells (M) and macrophages (Ma). 
Arterioles and venules are more in number 
in the papillary part of dermis (Figure 1). 

 

Figure 1. Mallorys trichrome stain of thin skin of anterior part of thigh. 

Below the dermis, lymph collecting 
space (Ls) was present. From this space the 
lymphatic collecting channel (Lc) was 
draining the fluid in oblique direction 
between the adipose cells of hypodermis. It 

drains into another area present in the 
lymphatic space above deep fascia (Df). 
Between the adipose tissue mast cells (M) 
and macrophages (Ma) were present nearer 
to each other (Figure 2).  
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Figure 2. Thin skin of pectoral region stained with resorcin. 

Hypodermis consisting of polyhedral 
adipose cells Lymphatic collecting vessels 
(Lc) was observed in the hypodermis. They 
are found to be formed by endothelium. 
Under the dermis lymphatic space (Ls) were 

observed which collects fluid from the 
interstitial space in the dermis. Macrophage 
(Ma) and fibroblast (F) was found in the 
dermis and hypodermis. Dendritic cell (D) 
also found in the dermis (Figure 3). 

 
Figure 3. Mallorys trichrome staining of skin of pectoral region. 

 
In hypodermis (Figure 4) the adipose 

tissue was surrounded by lymphatic space 
(Ls) formed by collagen fibers. Around the 
artery, thin collagen fibers (Cf) are arranged 
in a circular manner forming the interstitial 
space. Near the artery (A) smaller lymph 

vessels (Lv) are found. In the dermis the 
thick collagen fibers are arranged both 
vertically and horizontally forming the 
interstitial space. Dendritic cell (Dc) was 
found near the mast cell. Fibroblast (F) was 
observed in the interstitial space.  
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Figure 4. Mallory trichrome stain of abdomen skin. 

 
Van Gieson stain of scalp shows 

thick collagen fibers arranged horizontally 
below the epidermis (Ep). Papillary layer 
(Pl) was not prominently projecting into the 
under surface of epidermis. More number of 
fibroblast (F) was present in the papillary 
layer. We observed a small space below the 
epidermis and found to be interstitial space. 
Hair follicle was present in the dermis. 
Macrophage (Ma) was present near the hair 

follicle. The collagen fibers are vertically 
arranged throughout the entire dermis. Few 
elastic fibers are present in horizontal 
direction. Between the fibers, wide spread 
interstitial space was present. A long 
lymphatic vessel (Ll) with endothelium was 
observed passing through the entire layer of 
dermis which is draining into another large 
vessel (Figure 5). 

 
Figure 5. Scalp stained with Van Gieson stain 
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Collagen fibers were arranged in 
both horizontal and vertical direction. Sweat 
glands (Sg) were also surrounded by 
interstitial space. Macrophages (Ma) were 
found near the sweat glands. Surrounding 
the veins (V) and arteries (A) interstitial 
space was present. In the interstitial space 
smaller arterioles, venules and lymphatic 

vessels were found. Fibroblast and mast 
cells were present in the interstitial space. 
Interstitial space in the dermis was directly 
connected to the interstitial space around the 
vessels. Larger lymphatic space (Ls) was 
found which drains into lymphatic vessels 
(Lv) (Figure 6). 

 
Figure 6. Mallorys trichrome staining of thin skin of shoulder. 

 
The sebaceous gland (Se) was 

surrounded by thick collagen fibers arranged 
as bundles with thin interstitial space. 
Sebaceous duct (Sd) was observed near the 
gland. Arrector pili muscle (Ap) was present 
nearer to the sebaceous gland. Arrector pili 
muscle compresses the gland to release the 
sebum from the gland. In between the 
collagen fibers numerous smaller arterioles 
and venules are more in number. Mast cells 

(M) and macrophages (Ma) were more in 
number around the sebaceous gland 
confirms the existence of interstitial space 
around the gland. Our observation suggests 
the collagen fibers surrounding the 
sebaceous gland may compress the gland to 
release the secretion. Collagen fibers are 
arranged irregularly and connected by thin 
elastic fibers in the dermis (Figure 7). 
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Figure 7. Skin of arm stained by Van Gieson. 

 
Discussion 

Rudolf Virchow in 1858 identified 
that fibroblast was present in the connective 
tissues [9]. Fibroblast is a spindle shaped 
cell present in the interstitial space of dermis 
part of the skin. Fibroblast has abundant 
rough endoplasmic reticulum by which it 
actively secretes extracellular matrix and 
proteins [10]. We observed more number of 
fibroblast in thick skin and less number of 
fibroblast in thin skin. In a study conducted 
on keratinocyte proliferation the researchers 
identified that fibroblast secretes 
keratinocyte growth factor and granulocyte 
macrophage colony stimulating factor and 
acts as paracrine regulator [11]. Fibroblast 
also directly communicates with the immune 
cells in the interstitium. The extracellular 
matrix (ECM), is the collective term for the 
structural components of the interstitial 
space, mostly composed of 
glycosaminoglycans, elastic fibers, collagen 
fibers, and microfibrils [12]. ECM 
withstands mechanical pressure and protects 
from minor trauma. Elastic and collagen 

fibers in dermis are produced by fibroblast. 
Another study suggests that Smooth 
muscles, endothelial and adventitial cells 
found in the vessel wall also produce 
collagen [13]. The elastic and collagen 
fibers by mechanical contraction exert 
pressure to the smaller arterioles and venules 
to manage the interstitial fluid pressure and 
interstitial fluid volume. This may be due to 
the basket weave like network of collagen 
fibers. Depending on the elastin quantity 
there are three types of elastic fibers in skin 
namely, elaunin oxytalan and mature elastic 
fibers. Oxytalan fibers are present near the 
dermoepidermal junction, elaunin fibers are 
found in the papillary layer and mature 
elastic fibers are present in the reticular 
layer [14]. Presence of elastic fibers in the 
reticular layer makes the skin to maintain its 
elasticity and recoil to its original position 
[15]. There are two types of elastic fibers, 
vertical elastic fibers reaches upto the 
basement membrane of epidermis and 
horizontal fibers are present in the reticular 
layer of the dermis [16]. Elastic fibers are in 
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close contact with the interstitial cells and 
involved in cell proliferation, migration and 
differentiation. Further elastic fibers are also 
involved in regulation of cellular 
phenotypes, production of matrix and 
cytokines [17]. 

The collagen fiber being thick in 
nature has the capacity to pass on the energy 
during mechanical stress and provides 
resistance. We found thin collagen fibers at 
the junction of epidermis and papillary layer 
and thick collagen fibers are predominantly 
present in the deeper layers of dermis which 
is similar to another study [18]. We have 
also observed thick collagen fibers are 
horizontally present in the thigh region 
whereas in the shoulder area the collagen 
fibers are in vertical direction. Collagen 
fibers help in migration of cells, 
morphogenesis of the tissue, involves in 
tissue repair and regulates the function of 
inflammatory and resident cells [19]. 
Collagen and elastic fibers are densely 
packed in thick skin to withstand mechanical 
stress whereas in thin skin collagen and 
elastic fibers are loosely arranged to permit 
broad range of motion. 

The interstitial fluid formed in the 
interstitial space is removed by the 
lymphatic vessels and returned to the venous 
blood. Lymphatic vessels play major role in 
the interstitium in maintaining the fluid 
transport, proteins and immune cells. The 
lymphatic vessels are anchored to the 
extracellular matrix. The interstitial fluid 
formed also referred as lymph, is collected 
by initial lymphatics which starts as a blind 
end formed by endothelial cells and without 
basement membrane. We have observed the 
lymphatic vessels in hypodermis were 

passing in oblique direction. The muscle 
contraction and external force on the skin 
may cause pressure on the oblique 
lymphatics to drain the interstitial fluid 
towards the lymph node. The fluid then 
transferred to collecting lymphatic vessel 
and drained into lymph trunk. Another study 
on adaptive immunity suggests that the 
endothelium of lymphatic vessels control its 
own flow and communicates with the 
immune cells [20]. The interstitial space 
allows the exchange of gas, nutrients and 
waste products for maintaining the 
homeostasis. 

Macrophages are the first line of 
defense mechanism. During any type of 
tissue injury or inflammation it migrates to 
that particular area and involve in 
phagocytosis [21]. Paul Ehrlich first coined 
the term mast cells in 1878 [22]. Mast cells 
are present mostly in the connective tissue 
closer to the blood vessels. Heparin and 
histamine are the secretory granules present 
in the mast cells [23]. Histamine is formed 
after the removal of the carboxyl group from 
the amino acid histidine by the enzyme 
histidine decarboxylase. Histamine H1 

receptors act on the skin to produce allergic 
reactions. H1 receptor is present in 
chromosome 3 at 3p25 location [24]. 
Histamine acts on the endothelial lining of 
the blood vessels causing weakness in 
between the endothelial cells. Due to this 
action, cells and proteins leak into the 
surrounding connective tissues.  

Steinman and Cohn in 1973 
discovered the dendritic cells from the 
mouse spleen [25]. Dendritic cells are 
produced in bone marrow and have the 
capacity to migrate to other parts of the 
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body. It has multiple cytoplasmic processes. 
Dendritic Cells are heterogeneous groups of 
leukocytes. Dendritic cell identifies the 
pathogens and are called as antigen 
presenting cells. The lymphatic vessels 
transfer the dendritic cells to the circulation 
through lymph node. Capturing, analyzing, 
and distributing antigens to stimulate T-cell 
activation and differentiation, dendritic cells 
constitute a diverse group of cells that 
mediate the relationship between the innate 
immune response and the adaptive response 
[26]. The macrophages and lymphocytes 
escape from the capillaries and circulate in 
the interstitial space. During any 
inflammation these cells move towards the 
epidermis for immunological action and in 
normal stage the cells will move towards 
lymphatic channels then to regional lymph 
nodes. Along with the immune cells 
extracellular sodium ions are stored in the 
interstitium for the regulation of blood 
pressure [27]. 
 
Conclusion 

The interstitium of the skin plays an 
important role in the protection and maintain 
equilibrium of the body by regulating the 
volume and composition of the interstitial 
space. During inflammation the interstitium 
gives free space to circulate large proteins 
and immune cells. Collagen and elastic 
fibers involves in proliferation of cells, 
angiogenesis and wound healing. Further the 
pattern of arrangement of fibers, distribution 
of cells and lymphatic vessels helps in 
understanding fields like regenerative 
medicine, tissue engineering and suggest 
that the interstitium may function as organ. 
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