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INTRODUC TION

This study resulted from the lack of a detailed histological

description of the normal albino rat skin. A histological study of

all other organ systems is being carried on by Dr. M. Lois Calhoun

and Dr. Esther M. Smith of the Department of Anatomy, Michigan

State University, East Lansing, Michigan, and supported by

The Upjohn Company, Kalamazoo, Michigan.

Upon completion, it is hOped that this information will serve

as a comparative histological reference for the scientist and the

research worker .



REVIEW OF LITERATURE

A careful search of the literature revealed comparatively

1 little work on the histology of skin, particularly that of the rat.

Montagna (1956), who has made notable contributions to the

study of mammalian skin, stated that the main reason so little work

has been done in this field is because skin is a difficult tissue to pre-

pare for hist010gical and cytological study. The cytologist has usually

avoided it because it is hard to make preparations of skin which are

well oriented and free from tears, folds, and compression.

Bailey (1958) ,. Arey (1957). Maximow and Bloom (1957),

Ham (1957), and Stiles (1956), described the human integument; and

Sisson and Grossman (1956), and Trautmann and Fiebiger (1957)

recorded a comparable description for domestic animals.

Andrew (1951) studied age changes in the skin of the albino rat

with particular reference to the epidermis. He found no evidence of

a consistent atrOphy or thinning of the epidermis in old age, or

degeneration of collagenous or elastic fibers , but found an increase

in amount of elastic tissue.

Andrew and Andrew (1956) stated that the rat abdominal, skin

has a configuration considerably different from that of the back. The

latter surface is smooth, while on the abdomen a series of overlapping

units are present. Trautmann and Fiebiger (1957) wrote that diSplacing

and folding of skin is dependent on the deveIOpment of the hypodermis.

According to Sisson and Grossman (1956) the thickness and color

of the skin varies with age, sex, species, and body region.
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Frazer (1928) studied in detail the skin deveIOpment of the back

of the albino rat until the eruption of the first hairs.

EPIDERMIS

The mammalian epidermis consists of a four layered stratified

squamous epithelium. The most superficial layer is the stratum

corneum consisting of several layers of cornified cells without nuclei.

Very little cornification is present on ordinary skin, but on the palms

and soles, the cornified layers make a very thick stratum (Arey, 1957).

Beneath the corneum lies the stratum lucidum, consisting of a layer of

clear flattened cells with few nuclei. The stratum granulosurn is com-

posed of nucleated, less flattened granulated cells approximating the

lucidum. The stratum germinativum or Malpighian layer is composed

of two cell layers. The basal layer consists of columnar or cuboidal

elements with processes attaching it to the basement membrane. The

next higher cells are polygonal in shape and are surrounded by

“intercellular bridges" which appear like projecting Spines, accounting

for their being named "prickle cells” (Arey, 1957; Bailey, 1958;

Maximow and Bloom, 1957; Stiles , 1956). Horstmann and KnOOp (1958)

demonstrated tonofibrils , which are composed of tonofilaments , com-

bined in strands of different thickness, present in the epidermis.

Trautmann and Fiebiger (1957) divided the epidermis into two main

layers: the succulent deep layer (stratum germinativum or Malpighi);

and the superficial horny layer. These are further subdivided -- the

deep layer into two, the superficial layer into three , secondary layers .

Starting from the corium they named the layers: the stratum cylin-

dricum, the stratum Spinosum, the stratum granulosum, the stratum

lucidum, and the stratum corneum proPer.

' H
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According to Thuringer (1924) the term stratum germinativum

should include the single basal layer of cells , the stratum cylindricum,

and the entire stratum Spinosum; in other words, the rete Malpighi or

rete mucosum. He further stated that new cells not only reproduced

in the lower layers of the stratum germinativum, but throughout the

entire stratum Spinosum.

It was concluded by Butcher (1957) that the normal rat epidermis

consists of a layer of basal cells which are usually columnar in shape

and are arranged in a single layer; the cells superficial to this layer

have their long axis in a horizontal position and contain small granules .

He stated that a single layered granulosum is usually present but that

no lucidum is found and that four or five layers of nonadherent cells

make up the stratum corneum. Frazer (1928), in describing the back

skin of a lSO-day-old rat, gave the measurements of the four epidermal

strata with a description of each. Hanson (1947) defined the epidermal

strata of both the rat and mouse, with a corre3ponding description.

The investigations of the albino rat's dorsal skin by Ebling (1953)

showed the stratum germinativum to reach its greatest thickness

during pro-estrus and to be considerably reduced in size during estrus.

Erickson (1931), in his studies of the postnatal rat epidermis,

learned that the microsc0pic structure of the adult rat is similar to

that of a fourteen-day-old rat except that the stratum corneum attains

a much greater thickness. The germinativum is only half as thick as

it is in the newborn rat. The growth of the epidermis is greater in

younger than in older rats. Spain (1915) found the thickness of the rat

epidermis to be directly preportional to the number of mitoses and the

proliferative power of epithelium.
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Storey and Leblond (1951) estimated the complete cycle of

epidermal cell re generation to be 19.1 days for the plantar epidermis

of adult rats. Medawar (1953) stated that the epidermal epithelium

does not present a plane surface to its substratum, the dermis or

corium, but is thrown into a pattern of "hills and valleys" that are

exactly complementary in structure to the dermal papillae. The

thicker the epithelium, the bolder are these inequalities of depth. In

the general body skin of a hair~bearing mammal, the ”hills" are low

and rounded, and the ”valleys” correSpondingly broad and shallow.

Andrew and Andrew (1949), in a detailed study of lymphocytes

in the normal epidermis of the white rat, stated'that lymphocytes make

up about 1-4% of the stratum germinativum cells, with most of these

being located in the basal layer. They reported the lymphocytes to be

the precursors of the "clear cells", with the intermediate cells being

the transitional stage between the two. The cytOplasm of the “clear

cells” differentiates into ordinary epidermal cells. Similar studies

made by Andrew and Andrew (1956) revealed a significantly smaller

number of lymphocytes in comparison to the epidermal cells on the

abdomen than on the back of young and middle -aged rats. The

lymphocyte count in the abdominal epidermis is considerably smaller

in twenty-one -day-old rats than in older rats.

It was further found by Andrew and Andrew (1954) that the

stratum germinativum of young and middle-aged rats has prominent

large vesicular nuclei presenting a crowded appearance. The stratum

granulosum is lacking and the stratum corneum is loosely adherent in

the same age group. In aged rats the stratum granulosum is always

present and well develOped showing large baSOphilic masses. The
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corneum in the aged group proved to have closely compact lamellae.

The presence or absence of a basementmembrane between the

epidermis and dermis has been a tOpic of'much discussion. The

orthodox view has been that there is no basement membrane but that

the dermis and epidermis are held together by foot processes of the

basal epidermal cells interlocking with the reticular fibers of the

dermis. COOper (195 8) discovered that by using preper staining

methods a basement membrane and reticulum can be distinguished.

Porter (1954), using the electron microsc0pe, demonstrated the

presence of a basement membrane in the tail epidermis of Amblystoma

larvae. Odland (1950) believed the basement membrane to be a com-

plex argerphilic reticulum, the meshes of which contain the cyto-

plasmic processes of the basal epidermal cells.

DERMIS

The dermis of the rat is composed largely of collagenous and

elastic connective tissue in which are found sweat glands, sebaceous

glands, blood vessels, lymphatics, nerves, and hair follicles. The

dermis has two layers, an outermost papillary layer named from its

papillae which penetrate the stratum cylindricum of the epidermis,

and a deeper reticular layer which has a network of reticular fibers

as well as fibrous and elastic elements (Trautmann and Fiebiger,

1957). According to Erickson (1931) the dermis of the newborn rat is

distinguished from the underlying subcutaneous tissue by being more

cellular and less fibrous. Lovell and Getty (1957) eXpressed the view

that the blood vessels and nerve trunks in the dog are larger in the

deeper layer of the dermis than in the superficial, and the connective
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tissue and reticular fibers are more numerous just beneath the

epidermis. Robb—Smith (1945) observed collagenous bundles of

variable coarseness arranged in different directions in‘the dermal

stroma. Among these bundles are elastic fibers, reticulum, muscles,

nerves, arteries, histiocytes , and undifferentiated mesenchymal cells.

HAIR

According to Butcher (1934) and Storey and Leblond (1951) , hair

growth in the young albino rat is cyclic, occurring approximately

every thirty-five days. At the turn of the century, Calef (1900) de-

scribed what he called the epithelial appendage in the white rat. He

showed that the sebaceous gland and the epithelial appendage arise

from a zone of proliferating cells in the external hair sheath, on the

side of the hair making the greater angle with the epidermis. From

this appendage arise one or more accessory hairs whose follicles and

sheaths are adherent to those of the principal hair making a composite

follicle, also described by de Meijere (1894). Becker (1952) reported

that periodic hair growth begins in six-week-old rats. According to

Dieke (1947) the phenomena of hair growth in rodents was extensively

studied by Dry in 1928. According to Jackson and Lowrey (1912) the

hair coat does not become well deveIOped until the second or third

week. Rice and Jackson (1934) discovered well deveIOped hair follicles

in newborn rats even though the hairs are not visible. Schamberg and

Saleeby (1930) observed that hair growth in animal life is most rapid

the first eighteen days postpartum. Johnson (1958) reported the hair

growth wave in female albino rats to be slower than in males. Lobitz

(1957) proved that hair follicle develOpment is divided into three main
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growth stages. Durward and Rudall (1949) stated that inactive hair

follicles ’lie quiet in the dermis whereas active hairs extend down as

far as the panniculus carnosus. Erickson (1931) supplied a micro-

sc0pic description of the hair and follicles of different-aged rats.

De Meijere (1894) concluded that the final arrangement of hair ,

pattern in the gray rat is not reached until forty days after birth.

Donaldson (1924), in his work with rats, learned that the hairs of

white rats are arranged in groups of nine.

Davidson and Hardy (1952) determined that all vibrissae

follicles in the mouse are distinguished from pelage hair follicles by

possessing blood sinuses and abundant nerve endings. According to

Vincent (1913) and Greene (1959) the principal tactile hairs of the

white rat are innervated by branches of the maxillary division of the

trigeminal nerve.

Kiil (1949) and Trotter and Dawson (1932) presented evidence

that hair SIOpe is caused mainly by the differentiation of grthh in

surrounding skin layers and factors of tension during the period of

follicle develOpment.

SEBACEOUS GLANDS

Sebaceous glands were first described in 1826 by Eichorn.

They are true holocrine glands and are present in the skin of all

mammals and function even before birth. Most sebaceous glands are

attached to hair follicles and Open into pilosebaceous canals. The gland

size usually varies inversely with the diameter of the associated hair

(Lobitz, 1957). According to Montagna and Noback (1947) the sebaceous

glands of the rat are small, holocrine, acinar glands which lie in the



connective tissue Of the dermis and are surrounded by areolar tissue

rich in fibroblasts and mast cells .

Parnell (1949) Observed a progressive increase in the size of

sebaceous glands in the rat from birth to sexual maturity due to

proliferation of new sebum-filled sebaceous cells. Ebling (1953)

reported the sebaceous glands in the dorsal skin Of albino rats to

reach their maximum size during proestrus.

SWEAT GLANDS

According to Way and Memesheimer (1936), Steno in 1683 was

the first to mention the cutaneous Openings of the sudoriparous glands

and a year later, Grew Observed them. Sweat glands were described

by Breschet and de Vauzeme in 1834 and Gurlt in 1835. Robin in 1845

published valuable contributions on the subject.

Winkelmann (1956) credited the early histOlOgists such as

Kolliker in 1854, with recognizing the epidermal portion of the duct

Of the eccrine gland as being a separate entity from the epidermis

pI'Oper. Ring and Randall (1946) observed the ducts to be tightly-

Spiralled tunnels through the epidermis.

Marzulli and Callahan (1957) reported that certain laboratory

animals did not sweat in the hairy skin but Observed active sweat

glands on the foot pads of the dog, cat, and rat. Nielsen (1953)

disproved the erroneous belief that dogs have sudoriferous glands

only on the foot pads , but that they are distributed Over the entire

body skin and extremities.

Pinkus (1939) reported that'most investigators of the epidermis

and sweat duct believe the duct to lose its Own lining epithelium when

it enters the epidermis and that sweat flows through the epidermis in

a Channel formed by compression of prickle cells.
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MA TERIA LS AND METHODS

Skin for this study was taken from five female and five male

normal albino Wistar strain rats, five to six weeks Of age, weighing

from 115-131 grams. The animals were Obtained from The Upjohn

Company rat colony, Kalamazoo, Michigan.

The rats were sacrificed by electrocution. The skins were

removed, fixed in 10% neutral formalin for seventy-two hours, then

transferred to 70% alcohol until used.

Frontal Specimens ranging from 3-6 mm square and longitudi-

nal Specimens from 3-6 mm long were taken from thirty-four skin

areas as indicated in Figure A. After dehydration and infiltration

by the method Of Johnson, 1a}. (1943), tissues were imbedded in

Tissuemat* and sections cut at six microns.

Two slides of each section were stained with Harris' hema-

toxylin and eosin (Malewitz and Smith modification, 1955), Weigert‘s

and Van Gieson's connective tissue stain, Wilder's reticulum stain,

Wright’s stain, and by the P.A.S. (Periodic Acid-Schiff) reaction.

Certain sections were stained with toluidine blue to determine the

presence of mucus-secreting glands.

Epidermal and dermal measurements were made with a cali-

brated Ocular micrometer. 'The thickness Of each area was calculated

bY Obtaining the average Of five different Observations. The averages

are recorded in Tables I through III.

k

*Fisher Scientific Company, Pittsburgh, Pennsylvania.
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‘ventral, agreeing'with'flie findings OfStrickland (195 8) for the cat ,

and Goldsberry and Calhoun (1959) for cattle.

The average 'epidermalthickness in‘males is 23.1 microns and

2.2 microns in females (Table I). Lovell and Getty (195 7) reported

the average epidermal thickness in 'mongrel dogs to be thirty to

forty microns. According to Strickland (195 8), the average epidermal

thickness of the cat is 25 microns. Webb and Calhoun (1954) reported

the thinnest epidermis of mongrel dOgs to be 26.5 microns in the

eternal region.

The thickest epidermal areas in the rat are in the metacarpal

pads measuring 457 microns (Plates V and VI), the planum nasale

96 microns (Plate VII), the tail 77 microns (Plate VIII), and the anus

56 microns (Plates IX and X). Because of this greater than average

thickness, these areas are referred to as Special and thus excluded

from average skin measurements. The thickest epidermal measure-

ments of the digital pads and planum nasale measured 900 microns in

the cat (Strickland, 1958) and 1800 microns in mongrel dogs

(Lovell and Getty, 1957).

The thickest epidermis of the average hairy skin areas is in

the lateral abdomen and tail root (Plate II) measuring 27.3 and 25.6

microns respectively. The thinnest epidermis is located in the pinna

(Plates XI and HI) and measures 17.1 microns (Table I).

The dermal thickness averages 342 microns in the male and 331

microns in the female. The dermal thickness varies from 81.9 microns

in the pinna to 733 microns in the lumbar region (Tables III and IV).

A thick dermis is accompanied by a thick epidermis in the lumbar'area
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(Plate IV) and a thin dermis with a thin epidermis in the pinna

(Plates XI and X11) and medial fore leg (Plate III).

EPIDERMIS

The epidermis consists of three layers: a superficial stratum

corneum composed Of lamellae which separate readily in preparation,

a stratum granulosum which varies in appearance, and a stratum

germinativum only a few cells thick. A stratum lucidum could not be

found.

Stratum Corneum
 

A stratum corneum is present in all body areas. The corneum

varies from three to thirteen microns in thickness in the hairy skin,

but measures 329 microns at the widest point in the digital pad of the

hind foot (Plate XIII). The corneum is also well deveIOped in the

planum nasale and tail (Plates VII and VIII). In the thin cornified

areas it is always baSOphilic, but in those thicker areas of cornifi-

cation, the deeper layers are eosinOphilic. These findings agree

with those of Andrew (1951).

Stratum Granulosum
 

A conSpicuous stratun granulosum is present in all of the areas

studied. In the lumbar region (Plate IV). planum nasale (Plate VII),

foot pads (Plate XIII), teats (Plate XIV), tail root (Plate XV). and the

scrotum (Plate XXXII), the granulosum is several cell layers thick.

The cyt0plasm contains keratohyalin granules which vary in size

(Plate XV). The remaining areas consist of a single layer of cells.
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Strat'mn Germinativmn
 

The stratum 'germinativmn consists of a lower basal and a

more superficial Spinous layer. It varies in thickness from two to

four cell layers in the hairy skin (Plates 1, II, III, and IV), to

many in the foot pads and planum nasale (Plates V, VI, and VII).

The basal cells are usually arranged in a single row, being large

cuboidal or columnar in shape and perpendicular to the surface.

The nuclei appear crowded and contain baSOphilic granules and

deeply staining nucleoli in light baSOphilic karyOplasm, as described

by Andrew (1951). The cells in the Spinosum have flattened nuclei

which lie parallel to the surface , more cytOplasm and are less

crowded than in the basal layer.

The epidermis consists of four types of cells. The ordinary

epidermal cells have been mentioned and are most abundant. The

"clear cells" (Andrew and Andrew, 1954) (Plates XV, XVI, and XVII),

which approximate the epidermal cells in size, have clear cytOplasm - ‘

and distinctive vesicular nuclei lacking nucleoli. They are the most

abundant cell next to the ordinary epidermal cell. The "clear cells"

constitute over 8.9% of the cells in the stratum germinativum,

according to Andrew and Andrew (1954). Lymphocytes are also

present in very small numbers and possess the typical round baso-

philic nuclei. The greatest number of "clear cells" and lymphocytes

are found throughout the palpebral conjunctivae (Plates XVI and XVII),

which are a continuation of the lid margin. The epithelium in the lid

changes from stratified squamous to layers of cylindrical "clear cells" '

and surface goblet cells. Goblet cells are P.A.S. positive and

~15-



toluidine blue "stain 'revealsthem tobemucus ~secreting. The

”clear cells" are neither'P.A.'S. positive nonmu'cus-secreting.

The nuclei of the "clear cells" become somewhat flafienhd as they

approa'ch‘the surface. The basal layer is the most common location

of the lymphocytes and "clear cells" but they may be found in the

spinous layer.

BASEMENT MEMBRANE

By histochemical methods, a basement membrane can be

demonstrated in the rat skin. The tail shows a P.A.S. positive

dermal-epidermal basement membrane (Plate XVIII). A reticulum

stained tail section reveals the membrane to be composed of many

reticular fibers (Plate XIX).

DERMIS

The dermis of the rat is richly cellular and its stroma is

formed of collagenous bundles and intermingled elastic and reticular

fibers. The dermis contains muscles, nerves, blood vessels,

histiocytes, lymphocytes, mast cells, and fibroblasts. It is sepa-

rated into a superficial stratum papillare and a deeper stratum

reticulare, a division which is difficult to identify (Plates 1, XX).

Stratum Papillare
 

The stratum papillare is composed of many Spindle-shaped

fibroblasts with clear nuclei and smaller dermal cells with densely

staining nuclei. The collagenous fibers are relatively fine, vary in
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looseness in the different body areas, and are usually parallel to the

epidermis. The elastic connective tissue branchesifreflyfiforms .no

particular pattern, and runs both parallel and perpendicular to the

surface (Plate XX).

Stratum Reticulare
 

The stratum reticulare has fewer fibroblastsand the collagenous

and elastic fibers are thicker than those of the papillary layer. The

elastic fibers in this area run more parallel to the epidermis than

those Of the papillary layer and are in abundance about the sebaceous

glands, hair follicles, and in the vessel walls.

COLLAGENOUS TISSUE

The collagenous fibers diSplay varying degrees of looseness

and compactness in the body regions studied. The fibers of the back

(Plate IV) and medial surface of the fore leg (Plate III) are loosely

arranged; while those Of the foot pad (Plates V and VI), planum

nasale (Plate VII), and tail (Plate VIII) are more dense. The ventral

abdomen (Plate 1) and ear (Plate XII) are intermediate in degree of

denseness. The superficial fibers usually are more parallel to the

surface and are finer than those of the deeper layers.

ELASTIC TISSUE

The elastic tissue of the integument ramifies between the

ecllagenous bundles and presents a network of branching fibers. In

most of the hairy areas, the coarser fibers are found deep in the

dermis and hypodermis, and tend to run parallel to the surface. The



finer fibers which are located just beneath the epidermis are less

uniform in pattern and fibers reach out toward the basal layer Of the

germinativum (Plate XX). Andrew (1951) reported similar findings.

There is an absence of elastic fibers in the tail, except in the

immediate vicinity of the hair follicles. Increased amounts Of thick

elastic fibers are seen in the medial surface of the fore leg. The

elastic fibers in the lip region are perpendicular to the surface while

those in the eyelid are thicker and lie parallel to the lid surface. The

tarsus is heavily infiltrated with elastic fibers which enclose the

Meibomian glands of the eyelid. Just above the palpebral conjunctivae

and in the ear are numerous minute fibers which are perpendicular to

the surface. The ear cartilage is envelOped by dense elastic as well

as collagenous fibers.

MAST CELLS

Mast cells are seen throughout the dermis and hypodermis

(Plate XX). The greatest numbers approximate the blood vessels and

hair bulbs in the hypodermis and stratum reticulare of the dermis.

The characteristic mast cells of the dermis are approximately eight

microns in diameter. The mast cells are of two types, the first are

found just below the epidermis and are quite small and polymorphous.

They possess small nuclei and cell cytq'nlasm containing fine granu-

lations with conSpicuous metachromasia. Those cells deeper in the

dermis and hypodermis are larger, have more cytOplasm and larger

nuclei. The increased number Of granules may fill the cells and obscure
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the nuclei. These are the cells found approximating the blood

vessels. These findings were reported by Hellstrom and Holmgren

(1950), who observed them in the human skin and heart. There are no

mast cells in the dermis of the tail, but they are present envelOping

the large hair follicles in the panniculus adiposus. The dermis of the

nonhairy digital pad has only an occasional mast cell, but greater

numbers may be seen in the hypodermis. The nonhairy planum

nasale has almost as many mast cells as are found in the hairy skin.

HAIR FOLLICLES

The general body hair Of the rat is arranged in well defined

groups of follicles. The central follicles appear in linear form but

alternate position from row to row producing a cobblestone appearance.

These large central follicles may or may not be present in each clus-

ter. The groups are separated by connective tissue and usually

contain from three to nine secondary follicles (Plates XXI and XXII).

Examination of the hairy skin reveals hairs in various stages of

develOpment. The roots of active hairs may extend down to the

panniculus carnosus and often parallel it for some distance. The

inactive hairs lie dormant and are found only in the dermis.

The hair shaft tapers from within the follicle toward its tip. It

is covered with a scale-like cornified cuticle which flares outward

toward its tip but which does not completely encircle the cortex. The

thickness of the shaft as it emerges from the epidermis is approxi-

mately ten microns. Pigmentation is absent in the hair Of the albino

rat. These findings agree with those of Frazer (1928).
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There is no apparent sex difference in hair density or pattern.

Follicular Folds
 

Follicular folds in the epithelial sheaths of the guard hairs

Observed by Goldsberry and Calhoun (1959) in cattle and Strickland

(1958) in cats are also present in the rat (Plate XXIII). The folds are

located just below the Opening of the sebaceous duct into the hair

follicle and are more prominent and prevalent on the side Of the

follicle making the least angle with the surface Of the integument.

The nuclei of the cells forming the epithelial sheaths are in a hori-

zontal position but in the region of the folds are drawn into a perpen-

dicular position. The function of these folds has not been determined

but are probably formed by the relaxed position of the hair follicle.

Tactile Hairs
 

The tactile hairs are located on the upper and lower lips, the

cheeks, above the eyes, and on the carpal joints of the fore limbs.

They are enclosed in thick connective tissue sheaths within which are

blood sinuses. The sinuses are crossed by connective tissue fibers

in the lower portion of the follicles, but these are absent more super-

ficially. Large nerve fibers penetrate the dermal sheaths and striated '

muscle fibers are attached to the sheaths to move the follicles

(Plates XXIV and XXV). Medullae are not visible in the shafts in

cross or longitudinal sections. The average widest diameter of the

oval follicle measures approximately 635 microns.



Mm . Arrectores Pilorum
  

The arrectores pilorum muscles are composed of smooth

muscle fibers which connect to elastic fibers of the dermal

papillary layer. They insert just below the sebaceous glands in

collagenous and elastic connective tissue of the follicles. These

smooth muscles are attached to the follicles near their midpoints

and control the movement of the hair shafts. They are seen in

most hairy skin but are best develOped in the lumbar (Plate IV) and

tail root sections. The arrectores muscles are not found in connec-

tion with the eyelashes, hairs of eyebrows, and tactile hairs.

SEBACEOUS GLANDS

The sebaceous glancbbf the rat vary in size, are both single

and lobed and are imbedded in the connective tissue of the dermis.

The glands are usually associated with pelage and tactile hair

follicles, but some are free and Open directly onto the skin surface.

Those related to the hairs are located about midway down the

follicles in the angles formed by the follicles and the arrectores

pilorum muscle bundles. The ducts of the glands Open into the necks

of the follicles, and their squamous epithelium is continuous with

that of the epidermis. The sebaceous glands are holocrine in type

and contain enlarged degenerating glandular cells filled with lipid

drOplets (Plate XXVI). The acini contain varying amounts of sebum.

SWEAT GLANDS

In this study, the sweat glands are not observed in any hairy

skin but are found only in the palmar and plantar surfaces (Plate XXVII).
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The glands are of the eccrine type and consist of a tightly coiled

secretory end piece located in the dermis, a slightly coiled duct, and

a more tightly spiralled Opening through the epidermis. The glands

are surrounded by loose collagenous fibers, elastic fibers, and fat,

and empty their watery fluid mainly onto the pads of the feet. The

glands are one cell thick. These cells are prism shaped and contain

prominent nuclei located at their apex. The area immediately sur-

rounding the glands is quite vascular and well supplied with nerve

bundles .

SPECIAL BODY AREAS

Pinnae

The pinnae are covered with an epidermis four to six cells

thick. As it approaches the pinnal tip, the epidermis doubles in

thickness and measures forty-two microns. The medial or inner

pinnal surface possesses a thicker epidermis than the lateral or

outer surface. This is probably a result of the natural ear contour

which produces a relaxed medial epithelium and a slightly stretched

lateral epithelium.

The dermis on the lateral surface is slightly thinner than that

Of the medial surface. Within the dermis of both surfaces are

sebaceous glands and follicles. Sebaceous units are equally preva-

lent On both surfaces microsc0pically but hair shafts are not always

visible. A single gland is usually associated with each follicle and

is located about the same level as the bulb. There is no visible

panniculus carnosus, but adipose tissue is present on both sides of

the elastic cartilage.
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The auricular skeletal miscle approximates the lateral surface

Of the elastic cartilage for two-thirds the length of the pinna

(Plates XI and XII).

The continuity of the auricular cartilage is interrupted by per-

forations. These perforations serve as channels for the passage Of

blood vessels and connective tissue elements (Plate XII).

Eyelids

The eyelids are moveable folds of skin which protect the

cornea from injury and the retina from excessive light stimulation.

Covering the outer surface Of the lid is a narrow epithelium which

becomes a thickened, stratified squamous epithelium at its tip,

measuring between fifty and fifty-five microns. The stratified squa-

mous epithelium is continuous with that of the palpebral conjunctiva

which lines the inner side of the lid. Arrectores pilorum muscles are

not seen with the follicles in this area.

The sebaceous glands of the upper eyelid are large and enclosed

within the tarsal plates. The glands are arranged in a row and their

ducts Open onto the lid margin (Plate XXVIII).

The lower lids are similar but the tarsal plates are smaller and

the sebaceous glands are fewer and smaller (Plate XVI).

Lips

 

The lips possess a hairy surface including tactile hairs and

various sized sebaceous glands and a nonhairy oral surface with a

thickened epidermis. This hairy skin thickens as it approaches the

oral surface, which is composed of stratified squamous epithelium

measuring 78 to 104 microns (Plate XXIX).
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Planum Nasale
 

The planum nasale is composed of a thick stratum corneum

covering a prominent stratum granulosum. The thicker germina-

tivum sends pegs into the dermis and has a basal layer of darkly

staining crowded cells. The dermis has a stratum papillare of

rather fine fibers but a reticulare of dense well-develOped fibers

(Plate VII).

Foot Pads
  

The metacarpal and metatarsal pads have a thick stratum

corneum that ranges from 85 to 182 microns. The germinativum

measures from 167 to 326 microns. The dermis of the pads ranges

from being very thin in one area to a maximum thickness of 436

microns in another area. Sweat glands and Meissner's corpuscles

are seen within the dermis (Plates V, VI, and EH).

Teats

 

The teats of the immature female rat are completely devoid of

hair and sebaceous glands. The epidermis is four or five cells thick,

ranging from thirty-five to forty-two microns except in the epidermal

pegs, which are considerably thicker. The stratum corneum is from

five to six mic rons thick and appears more closely adherent to the

granulosum than in other skin areas. The stratum granulosum

ranges from one to five deeply staining layers.

The dermis is composed Of elastic and rather dense collagenous

fibers. Papillae.‘ are seen between the epidermal pegs. The teat

canal is lined with stratified squamous epithelium (Plate XIV).
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The teats cannot be demonstrated in five -week-old males even

by depilation and skin clearing.

Scrotum

The scrotal skin is characteristically folded. The epidermal

thickness of the scrotum consists of one or two cells and ranges be-

tween twenty and twenty-six microns. The stratum corneum is thin

and loosely lamellated. The stratum granulosum consists of one to

three prominent layers. The dermal connective tissue is loose and

the collagenous fibers are comparatively fine. Many pilosebaceous

units are seen but sweat glands are absent. A thick panniculus

adiposus is present, covering a somewhat discontinuous panniculus

carnosus (Plate XXXII).

Tail

 

The tail skin is characterized by a thick dermis which de-

creases in thickness from its proximal to distal end and ranges in

thickness from 221 to 512 microns. Conversely, the germinativum

appears to increase in thickness from proximal to distal and ranges

between forty and fifty-seven microns. The corneum of the tail

ranges from thirty-one to forty-three microns. Groups of three

thick, short hairs appear from beneath the scaly epidermis

(Plate VIII).

Pe rianal Re gion
 

The perianal epithelium measures twenty-six to thirty-seven

microns, six to seven microns of this being the stratum corneum. In



this area, tufts of fine hairs and large, Spherical, perianal glands

are observed. These glands contain a cOpious amount of sebum and

Open into the anal canal by means Of central ducts (Plate IX). A

similar description of the anal glands was given by Montagna and

NObaCk (1947).

Anus
 

The anus (Plates IX and X) is covered with a stratified squamous

epithelium ranging from forty-one to seventy-three microns. The

stratum corneum makes up only seven to eight microns Of this

epithelium. A prominent stratum granulosum is seen. The stratum

Spinosum is Sparsely inhabited with cells, but the basal layer is

prominent and darkly staining. The dermis is composed of a loose

network of collagenous fibers in which are imbedded groups of macro-

SCOpic perianal glands described above.

Prepuce

The preputial skin is thrown into multiple undulating folds. The

epidermis averages twenty-six microns and is pegged in some areas.

The thickened stratum corneum is composed Of loosely adherent

lamellae. The stratum granulosum is prominent and ranges from two

to four layers in thickness. The dermis is dense and thickened, con-

taining large sebaceous glands associated with hair follicles. The

hypodermis contains loose connective tissue fibers and extensive

adipose tissue (Plate XXX).
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Labia
 

The labial skin is characterized by folds containing pilo-

sebaceous units. The epidermis measures twenty-six microns

and contains a prominent stratum granulosum. The connective

tissue of the dermis is loosely arranged and the thickened

hypodermis is composed Of large fat cells (Plate XXXI). As the

labium approaches the vagina, the epidermis becomes thickened

and there is a gradual loss of hair. The labial glands are en-

larged in this area and Open directly onto the skin surface.
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Figure A

BODY AREAS FROM WHICH TISSUES WERE TAKEN

l7.
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SUMMARY AND 'CONCLUSIONS

Skin Thickness

‘Skin Specimens were studied from thirty-two body areas of

five female and five male albino rats. No appreciable sex differ-

ences were observed.

The rat skin is thrown into transverse folds which are most

prominent on the abdomen, tail root, medial foreleg, and lumbar

region. The thickest of fourteen representative body areas are the

lumbar region, tail root, and lateral abdomen. The thinnest areas

are the pinna, medial surface of the foreleg and the shoulder. The

maximum skin thickness is 759 microns in the lumbar region with

the minimum thickness of 95.4 microns in the pinna. The average

skin thickness is 365 microns in the male and 353 microns in the

female. The thickness of rat skin decreases from the dorsal body

surface to the ventral bod}r surface.

The average epidermal thickness in males is 23.1 microns

and in females is 22 microns. The thickest epidermal areas are the

metacarpal pads, planum nasale, tail, and anus, measuring 457, 96,

77, and 56 microns, resPectively.

The dermal thickness averages 342 microns in the male and

331 microns in the female. The dermal thickness varies from 81.9

microns in the pinna to 733 microns in the lumbar area.
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Epidermis
 

The epidermis consists of only three layers: a stratum

corneum, a stratum germinativum, and a stratum granulosum. A

stratum lucidum is not seen. The stratum corneum is found in all

body areas and varies in thickness from three to thirteen microns in

the hairy skin. The digital pad possesses the thickest corneum,

measuring 329 microns. The stratum granulosum is present in all

of the areas studied, being particularly prominent in the lumbar

region, tail root, foot pads, planum nasale, and teats. The

stratum germinativum, consisting of a Spinous and basal layer,

ranges in thickness from two to four cell layers in the hairy skin to

many in the foot pads and planum nasale.

The epidermis consists of typical stratified squamous epithelial

cells, “clear cells" which have clear cytOplasm and distinctive vesic-

ular nuclei lacking nucleoli, and lymphocytes.

Basement Membrane
 

A P.A.S.positive basement membrane is demonstrable in the

rat skin. The reticulum stain showed the membrane to be composed

of reticular fibers.

Dermis

The dermis is richly cellular and formed of collagen, and

elastic and reticular fibers. It is composed of a superficial stratum

papillare and a deeper stratum reticulare. The former consists of

many fine collagenous fibers , which vary in looseness and usually

parallel the epidermis. The elastic fibers branch freely and form no
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particular pattern. The stratum reticulare has a coarser connective

tissue with elastic fibers paralleling the epidermis. The elastic

fibers are seen in close proximity to the sebaceous glands and hair

follicles and in the vessel walls.

Collagenous Tis s ue
 

The collagenous fibers differ in compactness and fineness in

the various body regions. The fibers in the skin of the back are

loosely arranged; those in the ventral abdomen are intermediate in

denseness, while those in the foot pads are compactly arranged.

Elastic Tissue
 

Coarse elastic tissue fibers are found in the dermis and hypo-

dermis paralleling the surface. Finer fibers are also present, some

of which may be perpendicular to the surface. Elastic fibers in the

lips are fine and perpendicular to the surface, while those in the

eyelids are thicker and parallel the lid surface. The tarsus is

heavily infiltrated with elastic tissue. The ear cartilage is envel-

Oped by dense elastic fibers.

Mast Cells
 

Great numbers of mast cells are observed throughout the dermis

and hypodermis, except in the tail dermis where they are absent, and

in the digital pad where there are few. The greatest numbers are in

the vicinity of the blood vessels and hair bulbs of the stratum reticu-

lare and hypodermis . Mast cells occur in both hairy and nonhairy skin.
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Hair Follic les
 

The central follicles appear in linear form with well-defined

groups of three to nine smaller follicles aboUt them. The groups

are separated by connective tissue. Roots of active hairs may

extend to the panniculus carnosus but inactive hairs lie dormant in

the dermis. Hairs are covered with scale -like cuticles which flare

outward toward their tips and which do not completely encircle the

shafts. There are no apparent sex differences in hair density or

pattern. Pigmentation is absent in the hairs of the albino rat.

Tactile hairs are located on the lips, cheeks, above the eyes,

and on the carpal joints of the fore limbs. They are enclosed in

thick connective tissue sheaths within which are blood sinuses.

These sheaths are penetrated by nerve fibers. The hairs are moved

by muscle fibers attached to the dermal sheaths.

The arrectores pilorum are composed of smooth muscle fibers

which connect to elastic fibers in the dermal papillae. They insert

below the sebaceous glands in collagenous and elastic connective

tissue of the follicles. They control the movement of the hair shafts

but are found lacking in connection with eyelashes, eyebrows, and

tactile hairs.

Prominent follicular folds of the epithelial sheath are found

just below the Opening of the sebaceous duct. The folds appear to be

more apparent on the side of the follicle making the least angle with

the surface of the integument. The function of these folds has not

been determined, but they are probably formed by the relaxed

position of the hair follicle .
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Sebaceous Glands
 

Sebaceous glands are usually associated with pelage and tactile

hairs. The glands are located about midway down the follicles in the

angles formed by the follicles and the arrectores muscles. The

glands Open into the necks Of the follicles, are holocrine in type, and

contain varying amounts Of sebum.”

Sweat Glands
 

Sweat glands are seen Only in the palmar and plantar surfaces.

The glands are tightly coiled and are Of the eccrine type.

SPECIAL BODY AREAS

Pinnae

The epidermis Of the pinna doubles in thickness as it approaches

the tip. It possesses a thicker medial or inner surface than the

lateral or Outer surface. The dermis on the lateral surface is thin-

ner than the medial surface. Pilosebaceous units are found in the

dermis but the hair shafts are not always visible. NO visible pannicu-

lus carnosus is seen in the hypodermis.

Eyelids

The eyelids are covered on the outer surface with a thin hairy

epithelium which becomes a hairless, thickened stratified squamous

epithelium at the tip. Arrectores pilorum muscles are absent in this

area. The squamous epithelium is continuous with the epithelium of

the palpebral conjunctiva. The tarsal glands are arranged in a row

within the tarsal plates and their ducts Open onto the lid margins.
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Lips

 

The lips are composed of a hairy and nonhairy surface. The

hairy surface contains tactile hairs and various sized sebaceous

glands. The oral surface possesses a thickened stratified squamous

epithelium. Hair and sebaceous glands are absent.

Planum Nasale
 

The planum‘ nasale is composed of a thick stratum corneum

which covers a. prominent stratum granulosum and a pegged germina-

tivum. The stratum papillare is composed Of fine collagenous fibers,

and the reticulare Of dense, coarser fibers.

Foot Pads
 

The foot pads have both a thick stratum corneum and germina-

tivum. The dermis ranges from being very thin in one area to very

thick in another. The pads contain both Meissner’s corpuscles and

sweat glands .

Teats

 

The teats Of the immature female are devoid of hair, and

sebaceous glands, and are covered with a thickened epidermis con-

taining pegs. The corneum is thin but more adherent than in other

body areas, and the granulosum is thickened and prominent. The

dermis is composed Of dense connective tissue...The teats of the

five-week-Old male cannot be demonstrated.

Scrotum

 

The scrotal skin is folded and covered with an ordinary-

appearing epidermis ranging between twenty and twenty-six microns .
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The corneum is loose and the granulosum is made up Of one to three

prominent layers. The dermis is CMpOsed Of loose connective

tissue containing pilosebaceous units.

Tail

 

The tail is covered by a thick dermis and epidermis. The

thickness Of the dermis decreases and that Of the germinativum

increases as they approach the tail tip. Short hairs in groups Of

three emerge from beneath the scaly epidermis.

Perianal region
 

The perianal region is covered by a thin skin containing both

fine hairs and enlarged sebaceous perianal glands. These glands

are imbedded in the dermis and contain a capious amount Of sebum.

Anus

 

The anus possesses a thickened stratified squamous epithe-

lium containing a prominent granulosum. The Spinosum is Sparsely

inhabited but the basal layer is crowded. The dermis is composed

Of a network of loose collagenous fibers.

Prepuce

 

The prepuce is covered with a thickened, lamellated stratum

corneum. Beneath the corneum is a prominent granulosum. The

dermis contains dense collagenous and elastic fibers as well as

pilosebaceous units .

Labia

 

The labial epidermis contains a prominent stratum granulosum.
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The dermis has a loose arrangement Of connective tissue with

the hypodermis composed largely of fat. In the immediate

vicinity of the vagina, the labium is devoid of hair follicles

but contains large labial glands.
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PLATE I

Longitudinal section Of ventral abdomen showing folds.

H. and E. Stain. 286X.

l. Stratum corneum

2. Stratum germinativum

3. Stratum papillare

4. Stratum reticulare

5. Panniculus adiposus

6. Pilosebaceous units

7. Portion Of hair shaft

8. Mm. Arrectores pilorum
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PLATE II

Longitudinal section from tail root showing folds.

H. and E. Stain. 330x

Stratum corneum

Stratum granulosum

Stratum papillare

Stratum reticulare

Sebac e ous glands
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PLA TE III

Longitudinal section Of fore leg medial surface

showing folds .

H. and E. Stain. 283x.

Stratum corneum

Thin stratum germinativum

Stratum papillare

Stratum reticulare

Sebaceous glands

Hair follicle s
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PLATE 1V

Longitudinal section Of lumbar region

Weigert's and Van Gieson's

Connective Tissue Stain. 250x.

1. Stratum corneum

Stratum granulosum

Stratum germinativum

Stratum papillare

Sebaceous glands

Hair follicle

Mm . Arrectores pilorum

-43-



 



 



PLATE V

Longitudinal section through metacarpal foot pad

showing epidermal pegs .

H. and E. Stain. 286X.

Stratum corneum

Stratum granulosum

Stratum Spinosum

Basal layer Of germinativum

Stratum papillare

Stratum reticulare

Sweat gland

Epidermal pegs

Dermal papillae

Meissner's corpuscles

-49-

 



 



 



 

 

 



PLATE VI

Section through the metacarpal foot pad.

H. and ‘E. Stain. 516X.

1. Stratum corneum

2. Stratum granulosum

3 . Stratum Spinosum

4. Basal layer Of germinativum

5. Stratum papillare

6 . Meissner's c orpuscle

-50..

 



 



 



PLA TE VII

Section through the planum nasale.

H. and E. Stain. 283x.

Stratum corneum

Stratum granulosum

Stratum Spinosum

Basal layer Of germinativum

Stratum papillare

-51..

 



 



 



PLA TE VIII

Cross section through the distal tail showing

hair grouping.

H. and E. Stain. 82X.

1. "Stratum corneum

2. Stratum germinativum

3. Dermis surrounding groups Of

three hair follicles

4. Adipose tis sue

5 . Sebaceous glands

6. Hair shaft Openings in epithelium

-5z-

 



 



 



PLATE IX

Longitudinal section of anorectal junction.

H. and E. Stain. 50X.

Rectal mucosa

Anorectal junction

Large sebaceous perianal glands

Sebaceous duct

Hair follicle

Anal Sphincter

Stratified squamous epithelium

of the anal mucosa

Stratum corneum

-53..
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PLATE X

Cross section thrOugh anus.

H. and 'E. Stain. 37X.

1.

Z.

Stratum corneum

Stratum granulosum

Stratum Spinosum

Stratum papillare

Basal layer Of stratum

germinativum

Sebaceous glands

Sebaceous duct

~54-

 



 



 



PLATE XI

Longitudinal section through pinnal tip.

H. and E. Stain. 516X.

l. Stratum corneum

2. Stratum granulosum

3. Stratum Spinosum

4. Dense collagenous fibers

in dermis

5. Elastic cartilage

-55...

 



 



 



PLA TE XII

Longitudinal section through center

section of pinna.

H. and E. Stain. 240x.

1. Stratum corneum

2. Stratum germinativum

3. De rmis

4. Hypodermis

5. Auricular skeletal muscle

on lateral surface

’6. Adipose tissue

7. Pilosebaceous units

8. Elastic cartilage

9. Cartilage perforation

-56.

 



 



 



 
PLATE XIII

Longitudinal section through the digital pad and claw.

H. and E. Stain. 82X.

1. Stratum corneum

2. Stratum granulosum

3. Stratum Spinosum

4. Epidermal pegs

5 . Dermal papillae

6. Pilosebaceous units

7. Claw

8. Deep non-cornified layers Of the claw

9. Corium

10 . Claw fold

Tubular sweat glands in the digital pad

~12. Articular cartilage Of third phalanx

13. Second phalanx

Tendon insertion on third phalanx

15 . Ungual crest

16. Plantar surface

1 7 . Dorsal surface

-57-

 



 



 



PLATE XIV

Longitudinal section Of teat.

H. and E. Stain. 316X.

Stratum corneum

Stratum granulosum

Stratum Spinosum

Basal layer Of germinativum

”Epidermal pegs

Connective tissue

Teat canal

-58...
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PLATE XV

Section Of tail root showing well develOped

stratum granulosum.

H. and E. Stain. 352X.

Stratum corneum

Stratum granulosum

Clear cell

Epidermal cells Of germinativum

Fibroblasts

Stratum papillare

-59-

 



 



 

 



PLA TE XVI

Longitudinal
section through lower eyelid

and portion Of palpebral conjunctiva,

with characterist
ic epithelium.

H. and E. Stain. 184X.

l. Orbicularis oculi muscle

2. Meibomian glands

3 . Tarsal plate

4. Epithelium of palpebral conjunctiva

5 . Goblet cells

6. Clear cells

7. Stratified squamous epithelium

8 . Hair follicle

9. Hair follicle Opening tO surface

-60...

 



 



 



PLATE XVII

Section Of palpebral conjunctiva
showing

goblet cells and clear cells.

H. and E. Stain. 123OX.

l. Goblet cell

2. Clear cells

3. Clear cells showing mitosis

4. Connective tissue with

fibroblasts

-61...



 



 



PLATE XVIII

Section Of tail showing the basement
membrane

.

Periodic Acid-Schiff
. 1168X.

1. Stratum corneum

2. Stratum germinati
vum

3 . Compress
ed basal cells

4. Basement membrane

5. Dermis

6. Capillary plexuses

-62..



 



 



PLATE XIX

Section Of tail showing reticular fibers

Of basement membrane.

Wilder's Reticulum Stain. 1079X.

l. Stratum corneum

2. Stratum germinativum

3. Fibers Of reticulum in

basement membrane

4. Collagenous fibers Of dermis

-63..



 

 



 



PLATE XX

Medial surface Of fore leg showing elastic tissue.

Weigert's and Van Gieson's Stain. 396X.

l. Stratum corneum

2. Stratum granulosum

3. Stratum germinativum

4. Fine elastic fibers approaching basal

layer Of ge rminativum

5. Stratum papillare

6. Coarse elastic fibers in stratum

reticulare

7. Hair follicles

8. Sebaceous glands

9 . Mast cells

-64..



 



 

 



PLATE XXI

Frontal section Of the tail root showing cross

section Of hair pattern.

Weigert's and Van Gieson's Stain. 7X.

1. Large central follicle with

smaller secondary follicles

2. Adipose tissue

3. Connective tissue

-65..



 



 

 

 



PLA TE XXII

Frontal section of the shoulder showing

linear hair pattern.

H. and E. Stain. 7X.

1. Large central follicle with smaller

secondary follicles

2. Adipose tissue

3. Connective tissue

-66-
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PLATE XXIII

Longitudinal section Of lateral abdomen

showing follicular folds.

Reticulum Stain. 289X.

1. Follicular folds in

epithelial sheath

2 . Sebaceous gland

3. Hair shaft

4. Scale-like cuticle Of hair

shaft

5. Sebaceous duct Opening intO

neck Of follicle

-67-



 



 

 



PLA TE XXIV

Longitudinal section Of eyelash

in uppe r e ye lid .

H. and E. Stain. 230x.

1.

2.

3.

Papilla Of hair bulb

Outer root sheath

Inner root sheath

Cuticle

Cortex

Thickened dermal sheath

Striated muscle fibers

attached to dermal

sheath

Cross section Of nerve

bundle

Orbicularis oculi

muscle fibers

-68-



 

 

 



 
 

 



PLATE XXV

Cross section Of tactile hair in the nose.

1.

H. and E. Stain. 230X.

Cortex

Cuticle of hair shaft

Inner root sheath

Outer root sheath

Blood sinus

Dermal sheath

Striated muscle fibers attached

tO dermal sheath

Large nerve bundles entering

dermal sheath

-69-



 

 



 

 
 



PLATE XXVI

Sebaceous gland Opening into follicle.

H. and E. Stain. 654X.

1.. Epithelial sheath

2. Hair shaft

3. Sebum

4. Degenerating cells containing

lipid drOplets

-70-



 

 



 



PLA TE XXVII

Sweat glands in the metacarpal pad.

H. and E. Stain. 286X.

l. Coiled merocrine sweat glands

2. Loose connective tissue fibers

3 . Adipose tissue

~71...



 

 

 



 



PLATE XXVIII

Longitudinal section Of upper eyelid.

H. and E. Stain. 8X.

1. Eyelash

2. Tarsal (Meibomian) glands

3 . Tarsal plate

4. Orbicularis oculi muscle

5. Cross section Of tactile hair

6. Epithelium Of palpebral

conjunctiva

7. Hair follicles on outer edge

of eyelid

8. Thickened stratified squamous

epithelium of lid tip

:72-
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PLATE XXIX

Longitudinal
section Of lower lip.

H. and E. Stain. 26X.

1. Pilosebace
ous units Of the

outer lip surface

2. Thickened stratified squamous

epithelium Of the oral

lip surface

3. Muscle fibers

4. Connective tissue fibers

-73-



 



 



 

PLATE XXX

Cross section of prepuCe

H. and E. Stain. 310x.

Stratum corneum

Stratum granulosum

Stratum germinativum

Hair follicles

Stratum papillare

Stratum reticulare

Hypodermis

Adipose tissue

Inner preputial mucosa

Horny papillae of penis

-74-

 



 



 



PLA TE XXXI

Cross section Of labium.

7.

H. and E. Stain. 387x.

Stratum corneum

Stratum germinativ
um

Hair follicles

Sebaceous glands

Stratum papillare

Stratum reticulare

Panniculus adipO 5 us

-75-
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PLATE XXXII

Longitudina
l section Of scrotum

H. and E. Stain. 366x.

1. Stratum corneum

2. Stratum germinati
vum

3 . Stratum papillare

4. Stratum reticulare

5 . Hair follicles

6. Sebaceous glands

7 . Adipose tissue

~76-
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