Study Notes for Histology Bellringer Quiz

THE RESPIRATORY SYSTEM

The main function of the respiratory system is gas exchange.  Modification occurs during inhalation and exhalation: warming/cooling, filtering and moistening of the air.  Auxiliary functions include olfaction, phonation, pheromone detection and excretion of volatile substances.

Mucous membranes are covered in cilia, and contain blood vessels and glands that secrete immunoglobulins and mucus.  They provide a mechanism for clearing the respiratory system of particulate matter, called “muco-ciliary transport”.  Cilia are 10-30 μm long and consist of “9+2” microtubule doublets.

The Nasal Cavity

(a)  Cutaneous Region (a.k.a. Nasal Vestibule)

       -  an extension of the integument; serous glands may be present

       -  rostrally is lined by relatively thick keratinized stratified squamous epithelium
       -  at mid-vestibule, the epithelium is thinner and non-keratinized

       -  transitional zone is lined by an epithelium that varies from stratified cuboidal to non-ciliated 

          pseudostratified columnar

           →  surface cells here have multilobulated nuclei, microvilli on their free surfaces and are spherical

(b)  Respiratory Region
       -  the caudal two-thirds of the nasal cavity proper, with the exception of the olfactory region, is 

          lined by ciliated pseudostratified columnar epithelium
       -  the lining of the middle nasal meatus is thinner and contains fewer ciliated and goblet cells

       -  the lamina propria and submucosa are very vascular

       -  glands vary with species: serous, sero-mucous

(c)  Olfactory Region
       -  dorsocaudal portion of the nasal cavity, including some of the surfaces of the ethmoid conchae 

          and turbinate, dorsal nasal meatus and nasal septum

       -  gross appearance is green to yellow or gray

       -  recognized by thick ciliated pseudostratified columnar epithelium
       -  three primary cell types:

           →  SUSTENTACULAR CELLS (supportive cells)

             →  BIPOLAR NEURONS (olfactory cilia: dendritic processes)

             →  BASAL CELLS
       -  in the lamina propria and submucosa, we find:

             →  BOWMAN’S GLAND (sero-mucous gland to dissolve the odiferous substance)

             →  FILIA OLFACTORIA (unmyelinated nerve fascicles: olfactory nerve)

(d)  Vomeronasal Organ (formerly called Jacobson’s Organ)

       -  located in the mucosa of the ventral portion of the nasal septum

       -  used for pheromone sensing, especially estrus detection in females (eg. Flehmen in horses)

       -  epithelium transitions from stratified cuboidal near the incisive duct to ciliated pseudostratified 

          columnar in much of the caudal portion of the vomeronasal duct

The Nasopharynx

-  consists of the mucous membrane dorsal to the soft palate

-  ciliated pseudostratified columnar epithelium
-  the lamina propria is loose connective tissue containing mucous glands and aggregations of lymphocytes

The Larynx

-  contains the epiglottis; the laryngeal vestibule contains the vocal cords

-  stratified/non-keratinized squamous and ciliated pseudostratified columnar epithelium
-  the lamina propria is loose connective tissue (elastic and hyaline cartilage) and contains sero-mucous 

   glands, lymphatic vessels and lymphocyte aggregates

-  the vocal cords are stratified squamous epithelium and elastic fibers in loose CT

*NOTE: birds have a syrinx as an equivalent to our vocal cords.

The Trachea

-  ciliated pseudostratified columnar epithelium
-  epithelium contains goblet cells (variable in number, influenced by age, sex and environment), serous 

   secretory cells, endocrine (APUD) cells, brush cells and basal cells

-  the lamina propria and submucosa are loose CT with abundant elastic fibres (longitudinal orientation), 

   blood, lymphatic vessels, lymphoid tissue... (glands vary by species)

-  trachealis muscle is smooth muscle, and is considered to be the equivalent of the tunica muscularis

-  the cartilage ring is incomplete (C-shaped) and has a slightly spiral arrangement

Extra-Pulmonary Bronchi

-  bifurcation of the trachea forms the primary bronchi in the pleural cavity

-  the cartilage ring is less complete, and the submucosal gland is well-developed in most species

-  lining epithelium is similar to that of the trachea

-  there is a serosa as the bronchi are in the pleural cavity

Intra-Pulmonary Bronchi

-  ciliated pseudostratified columnar epithelium contains goblet cells and APUD cells

-  connective tissue is collagen and elastic fibres

-  contain submucosal glands, sero-mucous glands (with species variation)

-  cartilage diminishes in the smaller bronchi and become plate-like (rather than ring-like)

Bronchioles

-  epithelium is similar to bronchi, but is lower and more cuboidal

-  CLARA CELLS: non-ciliated serous cells secrete cytochrome P450-dependent monoxydases for 

  detoxification of xenobiotics 

-  connective tissue is similar to that of the bronchi; no cartilage but more smooth muscle

-  contain submucosal glands in the cat

Alveoli

-  cup-shaped structures covered by epithelium 

-  supported by a small amount of CT and capillaries located in the alveolar septum (which may be shared 

   by neighbouring alveoli)

-  may have a pore to communicate with neighbouring cells

-  epithelial cells are pneumocytes:

    →  Pneumocyte-I: simple squamous
    →  Pneumocyte-II: cuboidal (a.k.a. granular pneumocytes or great alveolar cells); contain lamellar 

                                     bodies (precursors of surfactant)

    →  free cells in the alveoli, eg. macrophages

-  the alveolar septum contains septal cells (a.k.a. myofibroblasts), mast cells, lymphocytes, plasma cells, 

   neutrophils and macrophages

Functions of Pneumocytes

PNEUMOCYTE-I: facilitate gas exchange

PNEUMOCYTE-II: produce surfactant to reduce surface tension (requires thyroxin and corticosteroids)

Blood Vessels and Lymphatics

(a)  Pulmonary Artery
       -  carries blood from the right ventricle to be oxygenated; low pressure vessel

       -  thin wall, less smooth muscle, less elastic and more collagen fibres

(b)  Bronchiolar Arteries
       -  carry nutrients in high-pressure oxygenated blood from the systemic arterial tree

       -  muscular walls; supply the large bronchi, major pulmonary vessels, the interstitium, capsule, 

          pulmonary lymph nodes and the visceral pleura

(c)  Pulmonary Veins
       -  carry deoxygenated blood back to the right side of the heart from the pulmonary artery

       -  low pressure, therefore thin-walled

(d)  Lymphatic Vessels
       -  located in the interstitium and interlobular connective tissue; pass through pulmonary lymph nodes

Contraction and Relaxation of Airway Smooth Muscle

-  constriction caused by parasympathetic stimulation, inflammation (leukotrienes, substance P)

-  dilation caused by sympathetic stimulation, epinephrine

INTEGUMENT

Organization of the Skin

A.  EPIDERMIS

       -  cells include keratinocytes, melanocytes and Merkel cells (derived from ectoderm) as well as 

          Langerhans’ cells (derived from mesoderm: bone marrow)

           →  Langerhans’ cells contain Birbeck granules and have surface antigens that are common to 

                B and T lymphocytes (they are involved in antigen processing)

       1.  Stratum Basale (a.k.a. Stratum Germinativum)

            -  a single layer of columnar or cuboidal cells that rest on the basal lamina

            -  attached by desmosomes laterally to each other and to the stratum spinosum above; 

               hemidesmosomes connect them to the basal lamina below

            -  both anchor the epidermis and act as stem cells, producing the cells of the layers above them

       2.  Stratum Spinosum

            -  several layers of irregular polyhedral cells
            -  connected by desmosomes laterally to each other and to the stratum basale below

            -  tonofilaments are prominent, and the upper-most layers contain lamellar granules

       3.  Stratum Granulosum

            -  several layers of flattened cells lying parallel to the epidermal-dermal junction

            -  this layer contains irregularly shaped keratohyalin granules that are believed to play a role in 

               keratinization and barrier function

       4.  Stratum Lucidum 

            -  several layers of fully keratinzed, closely compacted, dense cells devoid of nuclei and organelles

            -  a thin, translucent, homogeneous line between the stratum granulosum and stratum corneum

            -  found in thick epidermis only, eg. foot pad, muzzle

       5.  Stratum Corneum

            -  the outermost layer; consists of several layers of completely keratinized dead cells 

            -  the stratum disjunctum is constantly being shed or worn away by friction

B.  DERMIS

       -  dense, irregular connective tissue with collagen, elastic and reticular fibres embedded in an 

          amorphous ground substance

       -  main cells are fibrocytes, mast cells and macrophages

       -  in some species (eg. horse, cow) can be divided into two layers: papillary and reticular

C.  HYPODERMIS

       -  loose arrangement of collagen and elastic fibres that anchors the dermis to underlying muscle/bone

       -  adipose tissue is present and may form small clusters of the cells or large masses that create a 

          cushion or pad (eg. in pigs)

       -  large fat deposits are characteristic of the carpal, metacarpal and digital pads (shock absorbers)

       -  skin appendages project into this layer (sebaceous/sweat glands and hair follicles)

Hair Follicles
-  the hair itself is composed of a medulla, cortex and cuticle

-  there are two different types of hair follicles:

    PRIMARY HAIRS (guard hairs)

    SECONDARY HAIRS (underhairs)

-  two different types of glands open into the hair follicle: sebaceous glands and apocrine sweat glands

-  arrector pili muscle (smooth) is attached to the follicle and contracts to form “goose bumps” (involved 

   in thermoregulation)

-  the location of the hair bulb depends on the stage of the hair cycle: anagen, catagen or telogen

    →  anagen hair bulbs are located the deepest and are very round

    →  catagen hair bulbs are the shallowest and are less round in shape

-  hair follicles may be located on their own or in groups

Specialized Skin Structures

THE EYELID

-  skin with all appendages; tactile hairs may be present

-  eyelashes are located near the muco-cutaneous junction and are more abundant on the upper eyelid 

   (dogs, cats and pigs actually have NO lower lashes)

-  the conjunctiva is stratified cuboidal epithelium

THE EXTERNAL EAR

-  outer skin has more hairs than inner skin

-  external auditory canal contains a few hair follicles, sebaceous glands and ceruminous glands (that 

   produce ear wax)

THE RECT0-ANAL GLAND

-  located in the junction between the anus and the rectum

-  a tubulo-alveolar gland with apocrine mode of secretion

-  the major secretory portion is deep in the connective tissue and opens into the anal canal

-  CIRCUM-ANAL GLAND = PERI-ANAL GLAND

    →  found in dogs; clusters of polygonal cells with deep eosiniophilic cytoplasm

    →  no ducts open to the surface; no known function

ANAL SACS

-  paired cutaneous diverticula located between the inner and outer anal sphincters of carnivores

-  lined by thinly keratinized stratified squamous epithelium; contains a secretory substance and 

   cellular debris

-  sebaceous and apocrine sweat glands occur in cats, but only apocrine are found in dogs

MAMMARY GLANDS

-  develop in predetermined sites of the fat pads from ducts that lengthen in response to estrogen

-  progesterone stimulates formation of the alveoli

-  lactogenesis begins in response to declining progesterone levels at parturition (it inhibits prolactin)

-  secretion of lactose elevates the osmotic pressure of the milk, resulting in the drawing of water from 

   the surrounding tissues

THE ENDOCRINE SYSTEM

General Concept of the Endocrine System

-  communication through humoral factors (hormones dissolved in body fluids) and neural transmission

-  these factors act over long (hormonal) and short-ranges (paracrine)

-  types of hormones include cholesterol derivatives (steroids), amino acid derivatives (proteins, 

   glycoproteins) and modified amino acids (catecholamines)

-  receptors for hormones include:

    1.  Intracellular Receptor Proteins: detect lipid-soluble hormones, eg. steroids, thyroid hormone...

    2.  Cell Membrane Receptors: detect soluble hormones, eg. all amino acid derivatives

          -  cell surface receptors form hormone-receptor complexes that elicit a second messenger 

             (eg. cAMP), which mediates the effect of the hormone

The endocrine glands include:

1.  Discrete Glands
     -  hypothalamus, hypophysis (pituitary gland), thyroid, parathyroid, adrenal

2.  Mixed Glands
     -  Islets of Langerhans, Leydig cells (in the testis), follicles and corpus luteum (in the ovary)

3.  Isolated Cells
     -  neuroendocrine hypothalamus, kidney, GI tract, respiratory tract (APUD cells), placenta, heart

Endocrine have no secretory ducts; they secrete directly into body fluids.  They are isolated, capsulated and highly vascularized.  They have large amounts of parenchyma and decreased stroma.  They come in different shapes: cords (adrenal cortex), balls/clumps (pituitary, parathyroid) and follicles (thyroid).

The Pituitary (a.k.a. The Hypophysis)

1.  Adenohypophysis
     –  develops as a dorsal evagination of the epithelial roof of the embryonic pharynx (Rathke’s pouch)

     -  consists of:

        (a)  Pars Distalis 

               – major portion of the adenohypophysis, containing chromophils and chromophobes

               -  chromophils include acidophils (eg. somatotrophs, mammotrophs) and basophils

                  (eg. gonadotrophs, thyrotrophs, corticotrophs)

        (b)  Pars Intermedia

               -  present in the posterior lobe and is separate from the pars distalis by the hypophysial cleft

               -  colloid-filled follicles and clusters of cells; contains basophils and chromophobes

               -  produces melanocyte-stimulating hormone, endorphins, adrenocorticotropic hormone (ACTH)

        (c)  Pars Tuberalis

               -  26-60 μm thickness in most species; thicker anterior

               -  surrounds the median eminence like a sleeve

               -  cells in short cords or globular clusters, predominant production is of gonadotrophs

 2.  Neurohypophysis
      – develops as a ventral outgrowth of the hypothalamus

      -  located in the posterior lobe of the pituitary; consists of the pars nervosa and the infundibulum 

         (divided into the infundibular stem and the medial eminence)

      -  contains axon terminals from the supraoptic and paraventricular nuclei, as well as Herring bodies

         (Herring bodies are eosinophilic with H&E stain, and show up blue with trichrome stain)

      -  hormones released include anti-diuretic hormone (vasopressin) and oxytocin

The Hypothalamus

1.  Parvicellular Nuclei
     -  hypophysiotropic nuclei that produce regulatory hormones (releasing and inhibiting) for the cells in 

        the adenohypophysis

     -  the regulatory hormones are released from the infundibular stem, and they are carried to the 

        adenohypophysis  by the hypophysial portal system

     -  the portal vessels become sinusoids and release the regulatory hormone; the sinusoids also pick up 

        hormones released by cells of the adenohypophysis

2.  Magnocellular Nuclei
     -  supraoptic and paraventricular nuclei contain perikaryons of the neurons

     -  axonal process carries the hormones to the pars nervosa

     -  axon terminals of the pars nervosa contain hormones and carrier proteins

     -  the stored form of hormones is Herring bodies

The Thyroid Gland

-  located posterior-lateral to the larynx at the level of the second to third tracheal ring

-  a lobulated, capsulated gland (thick capsule in the cow)

-  consists of:

    (a)  Follicular Cells (98%)

           -  microvilli, polarized organelles, ↑ Golgi complex, distended rER, elongated mitochondria, 

              pinocytotic vesicles for endocytosis of colloid

           -  nucleus contains fine chromatin and a nucleolus

(b) Parafollicular Cells (2%)

-  lack polarity, no colloid, small mitochondria, Golgi complex and rER

-  produce calcitonin

    →  decreases blood calcium levels by ↑ osteoblast activity and ↓ osteoclast activity

    →  decreases bone resorption and increases calcium integration into bone

The Parathyroid Gland

-  capsule is thick and extends to form trabeculae

-  cells are arranged as cords, groups and follicles

-  principle cell is the dark Chief cell, but there are four types of cells in the dog:

    →  light Chief cell, dark Chief cell, syncytial cell (old animals; many nuclei) and oxyphil (eosinophilic 

         cytoplasm, many mitochondria)

The Adrenal Gland

-  located cranial to the kidneys

1.  Adrenal Cortex

    -  produces steroids 

       (a)  Zona Glomerulosa – mineralocorticoids (aldosterone)

       (b)  Zona Fasiculata - glucocorticoids       

       (c)  Zona Reticularis – estrogen and androgens

2.  Adrenal Medulla

     -  produces catecholamines (epinephrine and norepinephrine) and controls the secretion of other 

        hormones produced in the cortex (eg. glucocorticoids)

     -  cells appear in groups, balls and cords 

        (cow and pig: outer columnar cells in cords, inner small polyhedral cells in clumps

     -  faintly-staining cytoplasm with some basophilia

Paraganglia

-  a neuron found near the adrenal gland that has similar properties

-  Chromaffin reaction positive

The Pineal Gland
-  a neuroendocrine gland that secretes melatonin in a biological rhythm (circadian or seasonal)

-  postganglionic sympathetic innervations

The Endocrine Pancreas

-  endocrine cells are the Islets of Langerhans

   (a)  β-cells
          -  stain faintly with H&E, light blue with trichrome stain and deep purple with aldehyde-fuchsin

          -  produce insulin

   (b)  α-cells
          -  light eosinophilic cytoplasm, stain red with trichrome stain and brown with aldehyde-fuchsin

          -  produce glucagon, gastric inhibiting peptide (GIP) and cholecystonkinin (CCK)

    (c)  D-cells
           -  small, angular cells that are peripherally distributed and stain light blue with trichrome stain

           -  produce somatostatin

           -  D1-cells produce vasoactive intestinal peptide (VIP) and PP cells produce pancreatic polypeptide 

              hormone

