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What this review covers

• Blood

• Hematopoiesis

• Cardiovascular System

• Lymphoid System

• Skin

• Endocrine System
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Plasma vs. Serum

• Plasma clots, serum does not clot

• Serum = plasma minus clotting factors 
(it’s what’s left after plasma clots)



Life Span of Blood Cells

• Erythrocytes: months

• Platelets: days

• Neutrophils: hours



Red Blood Cells

• Nicely designed biconcave disk shape

• Cytoskeleton: spectrin, ankyrin, actin

• Mostly water (about 2/3 of cell volume)! 
Also have hemoglobin (about 1/3).



Platelets

• Granulomere and hyalomere regions

• Function: help blood to clot



White blood cells (nice drawing)



Differential Count

• Neutrophils most numerous (45-75% of WBC)

• Lymphocytes: about  20-50% of WBC

• Monocytes: less than 10% of WBC

• Eosinophils and basophils: less than 5% of WBC



Neutrophils

• Multi-lobed nucleus

• Two kinds of granules:
• Azurophilic (primary, purple) granules (a few)
• Neutrophilic (secondary, pink) granules (lots)

• First line of defense against invaders (bacteria, 
foreign objects)



Eosinophils

• Large, gorgeous, orange-red (eosinophilic) 
granules in cytoplasm

• Bi-lobed nucleus

• Involved in allergic responses, parasitic 
infections, and drug reactions



Basophils

• Tons of large, deep blue (basophilic) granules 
in cytoplasm

• Functions: fight infection, mediate allergic 
responses



Lymphocytes

• Three main types (B cells, T cells and NK 
cells). 

• Most lymphocytes in the blood are T cells. A 
smaller number of B cells is present, and NK 
cells are pretty rare.

• Chromatin: “clumpy and smudgy”



Neutrophil 
chromatin: 

distinct clumps 
(with white 

space between 
clumps)

Lymphocyte 
chromatin: 
clumpy but 
also smudgy 

(no white 
space between 

clumps)

Monocyte 
chromatin: 

“raked” (not 
clumpy)



Monocytes

• Nucleus: indented, oval, kidney, or 
horseshoe-shaped. “Raked” chromatin.

• Cytoplasm: “dishwater” (gray-blue) color.

• Monocytes differentiate into macrophages 
(phagocytic cells) when they enter tissue. 
Depending on the tissue, these 
macrophages have different names (e.g. 
microglial cells in the brain).



Hematopoietic System
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Hematopoiesis
Note: “normoblast” is 
an old name for 
“erythroblast.”



Basophilic erythroblast 

Proerythroblast

Polychromatic erythroblast

Orthochromatic erythroblast

Reticulocyte

Mature red cell

Gorgeous sky-blue cytoplasm.
Very fine chromatin (nucleoli!).

Darker blue cytoplasm.
More condensed chromatin.

Beginning of hemoglobin 
production! Cytoplasm a little pink.

Even more hemoglobin.
Chromatin super condensed.

Nucleus gone. Still a little RNA in 
the cytoplasm.

Mature cell.



Myeloblast

Promyelocyte

Myelocyte

Metamyelocyte

Band cell

Segmented neutrophil

High nuclear:cytoplasmic ratio.
Very fine chromatin.

Biggest cell! 
Lots of azurophilic granules.

First appearance of specific granules.
More condensed chromatin.

Indented nucleus.

Almost mature (just not segmented).

Segmented nucleus.



Platelets come from megakaryocytes, which are huge cells 
that undergo endomitosis (replicate DNA without dividing!)



Cardiovascular System
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Layers are different in different types of vessels!

Arteriole
Thick wall, narrow lumen.
Thin intima and externa.

1-3 layers of smooth muscle in media.

Muscular artery
Up to 40 smooth m. layers in media.

Internal ± external elastic lamina.

Elastic artery
Biggest arteries (aorta).
Thin intima and externa.

Tons of elastic fibers (and smooth 
muscle) in media.

Internal and external elastic lamina.



Layers are different in different types of vessels!

Venule
Thin wall, big lumen.

A few smooth muscle cells in media.

Small and medium veins
Thin intima and media.

A few smooth muscle cells in media.
Valves.

Large veins
Thin media with several smooth m. layers

Longitudinal smooth m. in externa.
Valves.



Continuous
Tight cell junctions, continuous basement membrane. May 
have pinocytotic vesicles (allowing a few things through the 
wall). Examples: capillaries in brain.

Fenestrated
Endothelial cells have holes (fenestrations) covered by 
diaphragms. Continuous basement membrane. Examples: 
capillaries in kidney and intestine.

Sinusoidal
Holes in endothelial cells, spaces between endothelial cells. 
Discontinuous basement membrane. Examples: capillaries in 
spleen, lymph nodes, and bone marrow.

Capillaries



• Endocardium (inner layer): endothelium resting 
on thin connective tissue layer. Subendocardium: 
loose connective tissue under endocardium.

• Myocardium (middle layer): Cardiac muscle cells.

• Epicardium (outer layer): mesothelium with a lot 
of underlying fat and vessels.

Heart Layers



Two heart tubes fuse, forming
primitive heart tube, which
folds elaborately into primitive
ventricles (bulbous cordis is future right 
ventricle) and atrium, sinus venosus (inflow tract for blood) and 
truncus arteriosus (outflow tract – future aorta). 



The heart folds by bending 
forward, so that: 

1. The the top portion bends 
down anteriorly

2. The bottom portion (the 
future atria) is raised up 
posteriorly

This is oddly similar to the instructions 
in the song “Head bent over” in the 

Get Schwifty episode of Rick and 
Morty (episode 5, season 2):

“Head bent over…
Raised up posterior”







• The first heartbeat occurs at day 21 or 22.

• Generally, blood flows into sinus venosus, then 
primitive left ventricle, then bulbus cordis, then 
out through truncus arteriosus.

First Heartbeat



• One-way valve between atria formed by hole in 
septum primum covered by adjacent septum 
secundum.

• This allows fetal blood to flow from right to left 
ventricle, bypassing lungs for the most part. At 
birth, the lungs open up, pressure goes down on 
the right (and up on the left), and the foramen 
usually closes permanently.

Foramen Ovale



Lymphoid System
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• Bone marrow. All hematopoietic cells (including 
lymphocytes) arise here.

• Thymus. ”School” for T cells (doesn’t filter blood or 
lymph).

• Lymph nodes. Filter lymph.

• Spleen. Filters blood.

• MALT. Filters antigens that cross mucosal surfaces.

Lymphoid Tissues



• The stroma of all lymphoid organs except the 
thymus is composed of reticulin fibers (type III 
collagen).

• The stroma of the thymus is composed of cell 
processes of epithelial reticular cells. These 
are not fibroblasts, but actual epithelial cells. 
They don’t secrete type III collagen!

Stroma of Lymphoid Organs



There are two main ways lymphocytes fight intruders 
(like bugs): humoral and cellular immunity.

Humoral immunity
B cells turn into plasma cells, which make antibodies. 
Antibodies coat and eliminate bugs.

Cellular immunity
T cells turn into cytotoxic T cells (which kill cells 
infected with bugs) and helper T cells (which help 
other cells do their jobs).

Ridiculously Oversimplified Immunology



T cells migrate from the bone marrow to the thymus, where 
they undergo “selection” in the deep cortex. If they don’t 
react properly to antigens, they die. If they survive, they 

migrate to the medulla and then enter the blood.

Cortex

Medulla



Hilum

Lymph node



Lymph node

Follicles: 
B cells.

Paracortex

Medulla

Cortex Interfollicular 
areas and 
paracortex:
T cells

Medullary 
cords (tails of 
follicles): 
B cells



Secondary follicle with germinal center and mantle zone



Spleen: white and red pulp

White 
pulp

Red 
pulp



Red pulp
• Sinuses (leaky vessels surrounded by 

rings of reticular fibers)
• Cords (containing red cells, white cells, 

platelets and macrophages
White pulp
• Periarteriolar lymphatic sheaths (T cell 

clusters around arterioles)
• Splenic follicles (B cells)

Red and White Pulp 



Open and closed circulation

Open circulation

Closed circulation



Tonsils

• Tonsils are aggregates of 
lymphoid follicles 
beneath the epithelium 
of the posterior oral 
cavity and nasopharynx.

• Three tonsils:
• Pharyngeal
• Palatine
• Lingual



Three Types of Tonsils

Where? Surface 
epithelium Folds? Capsule?

Pharyngeal One in 
nasopharynx

Pseudostratified 
ciliated columnar 

(with some 
squamous)

Gentle folds Thin partial 
capsule

Palatine Two in 
oropharynx

Stratified
squamous 10-20 deep crypts Thick partial 

capsule

Lingual Many at base of 
tongue

Stratified 
squamous 1 short crypt No capsule
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Skin is composed of:

• Epidermis: a surface of keratinized stratified squamous 
epithelium (origin: surface ectoderm)

• Dermis: connective tissue (origin: paraxial mesoderm)

• Dermal-epidermal junction: epidermal ridges, dermal 
papillae. Basement membrane separates epidermis 
from dermis.

• Skin appendages: Merocrine (eccrine) sweat glands, 
apocrine sweat glands, sebaceous glands, hair follicles, 
nails.



The Five Layers of Epidermis

• Corneum. Dead, keratinized scales.

• Lucidum. Clear (no cell nuclei). Only in thick skin.

• Granulosum. Keratohyaline granules (bind 
keratin), lamellar granules (secrete lipid).

• Spinosum. Cells connected by spot desmosomes 
(look “spiny” after fixation).

• Basale. Mitoses mostly occur here. Contains 
melanocytes and Merkel cells.



Five Strata 
(Layers) of Skin

corneum

lucidum
granulosum

spinosum

basale



Four Types of Cells in Epidermis

• Keratinocytes are stratified squamous epithelial 
cells. Most common cell in epidermis. Function is 
to produce intermediate filaments called 
cytokeratins. Amount of cytokeratins increases as 
the cells move upward.

• Melanocytes produce melanin, inject it into 
keratinocytes.

• Langerhans cells process antigen.

• Merkel cells are involved in tactile sensation.



Meissner’s and Pacinian Corpuscles

Meissner’s corpuscle
• Sensitive to light touch
• Consists of an unmyelinated axon meandering 

back and forth between flattened Schwann 
cells.

Pacinian corpuscle
• Sensitive to vibration and pressure. 
• Consists of unmyelinated nerve terminal 

surrounded by layers of fibroblasts.



Pilosebaceous apparatus

Arrector pili 
muscle

Sebaceous
gland

Hair follicle



Three Types of Glands in Skin

• Sebaceous glands. Produce sebum. Large, foamy 
cells. Holocrine secretion. Empty into hair follicle.

• Eccrine (merocrine) glands. Produce sweat. Clear 
and dark cells. Merocrine secretion. Empty onto 
skin surface.

• Apocrine glands. Produce sweat. Only found in 
axilla, areola of nipple, anal canal. Larger than 
eccrine glands. Apocrine secretion. Empty into hair 
follicle.
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Endocrine System in a Nutshell

Hypothalamus

Pituitary

Endocrine organ
(for example, thyroid)

Most endocrine organs/cells are 
controlled this way.

Exceptions: 
• C cells of thyroid (controlled by 

serum calcium)
• Parathyroid gland (controlled by

serum calcium)
• Zona glomerulosa of adrenal 

cortex (controlled mostly by 
angiotensin II)

• Adrenal medulla (controlled by 
sympathetic nerve stimulation)

• Pancreas (controlled by blood 
sugar)



Posterior lobe
From neuroectoderm.

Stores and secretes ADH 
and oxytocin.

Anterior lobe
From oral ectoderm.

Produces and secretes 
growth hormone and 
prolactin (acidophils), 

FSH, LH, ACTH and TSH 
(basophils).



Development of the Thyroid Gland
Originates from foramen cecum; 
descends along thyroglossal duct 

(which later disappears), in front of 
the hyoid and larynx, to its position in 

front of the trachea (by week 7).



Thyroid follicles containing colloid



• Follicular cells synthesize thyroglobulin (a protein 
backbone) and secrete it into the colloid.

• Follicular cells take up iodide from the blood and 
attach it to tyrosine residues on thyroglobulin, 
forming T3 and T4 (thyroid hormones), which 
stay attached to thyroglobulin until needed.

• When stimulated by TSH, follicular cells eat a bit 
of colloid, digest it in a vesicle, cleave off the T3 
and T4 and release it into the blood.

Thyroid Hormone Synthesis, Easy Version



Uptake of colloid
by endocytosis

Lysosome &
colloid droplet
fuse 

Digestion by
enzymes
releases
thyroid
hormones
(T3, T4)

(T3, T4)

Lysosomes

Lysosomal
enzyme
synthesis

Thyroid-stimulating
hormone bound
to receptor

Colloid

Apical vesicle
containing
thyroglobulin

Mannose
incorporation

Thyroglobulin
synthesis

Iodinated thyroglobulin
In colloid

Amino acids Iodide

Synthesis and Iodination
of Thyroglobulin Release of Thyroid Hormone



• From neural crest. 

• In thyroid, between follicular cells.

• Make calcitonin (which inhibits osteoclast activity) 
in response to high serum calcium.

Parafollicular Cells (C Cells)



• Secrete parathyroid hormone (which raises calcium 
levels) in response to low serum calcium.

• Chief cells (secrete PTH) and oxyphils (function 
unknown). 

Parathyroid Glands



Adrenal cortex is on the outside
• Originates from mesoderm
• Produces steroids (mineralocorticoids, 

glucocorticoids and sex steroids)

Adrenal medulla is on inside
• Originates from neural crest
• Produces epinephrine and norepinephrine

The Adrenal Cortex and Medulla



Hormones:
Mineralocorticoids

Glucocorticoids

and
Sex hormones

CapsuleZona glomerulosa

Zona fasiculata

Zona reticularis

Medulla

Adrenalin

Noradrenalin

Adrenal gland hormones

Medulla

Cortex
From 

mesoderm

From 
neural crest



Pancreatic islet (of Langerhans)



A (alpha) cells 
• Secrete glucagon (raises blood glucose)

B (beta) cells
• Secrete insulin (decreases blood glucose)

D (delta) cells 
• Secrete somatostatin (inhibits release of insulin 

and glucagon)

F cells
• Secrete pancreatic polypeptide (inhibits release 

of digestive enzymes)

Islet Cells and Hormones



• Located in brain

• Produces melatonin (which helps induce sleep) 
in response to decreased sunlight.

• Has “brain sand” (calcified material) that can be 
seen radiologically.

Pineal Gland



Pineal gland

pinealocytes

corpus 
arenaceum


