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Abstract:

We explored the brain which functions as a regulatory organ that controls almost all processes in the body. Specifically we compared normal and cancerous cells. We analyzed the histo-pathological effects of a glioblastoma on normal human brain tissue. A glioblastoma is the most malignant stage of an astrocytoma; it grows the fastest and has the lowest survival rate out of any glioma. We used brain tissue procured form an autopsy of an 86 year old man who died due to a glioblastoma in his temporal lobe. We prepared our eight-micron thick slices of tissue by using a hematoxylin and eosin stain to evaluate the differences in the tissue microscopically.

A glioblastoma multiforme induces endothelial proliferation, increases edema and inevitably leads to cell death. The tumor expands so rapidly it deprives the cancerous cells of their own blood supply, resulting in necrotic patches of tissue. Necrosis is also a result of the radiation that the patient is treated with. Non-nucleated glial cells create a malignant neoplasm which spread throughout the patient’s temporal lobe, causing both physical and psychological symptoms. The lesion caused by the tumor resulted in symptoms ranging from memory loss, peculiarities in behavior and headaches. This fatal brain tumor can be treated with chemotherapy or surgery, but it almost certainly leads to death within one year of diagnosis. Our observations and analysis of this cancerous tissue left us with a greater appreciation for the destructive power within our own bodies. 
Background Information:
Overview of the Function of the Brain

[image: image3.emf] 


The encephalon, brain, controls involuntary activities such as heartbeat, respiration, and digestion as well as conscious activities, such as thought, reasoning, and abstraction. These advanced cognitive skills elevate the human brain above those of animals which is seen
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      anatomically by a larger frontal cortex (see in the purple on the figure to the right). The cortex is a thick layer of tissue between the skull and the rest of the brain which is responsible for complex function. Recent research has shown that the cortex is highly malleable in that it can work around major brain cell death. However, sometimes the brain cannot accommodate a disease, such as a glioblastoma, which causes radical changes in emotional and physical behavior. The brain is part of the nervous system which performs three major functions including sensory input, motor output and integration. The nervous system is made up of the central nervous system, including the brain and spinal cord, and the peripheral nervous system which consists of all of the neurons in the rest of the body. 
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Neurons

The brain is composed of independent neurons that transmit information from one to another via tiny gaps between cells called synapses. More than 100 billion neurons exist in an average human adult brain. The neuron is an impulse-conducting cell that consists of a nucleated cell body (soma) with one or more dendrites and a single axon, also known as a nerve cell. The figure above shows the structure of a typical neuron and its dendritic tree. Dendrites receive input by their long branches that contain specialized protein molecules that receive chemical messages from the synapses. Communication between nerve cells occurs by transmitting signals from the branches at the end of each axon. Outgoing action potentials leave the neuron originating at the axon hillock and transverse the axon terminal where the impulses are transmitted to other nerves. 

Glial Cells
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Neurons and glial cells are the two types of cells present in the nervous system. As previously mentioned, neurons primarily process and transmit neural information. Much more numerous, glial cells provide support and nutrition to neurons by forming myelin. The figure below illustrates several types of glial cells in relation to the neurons. Microglial cells travel to injuries to eliminate dead cells and serve as microphages in the CNS.  Astrocytes, another glial cell, regulates the external chemical environment of neurons by removing excess ions after the depolarization effect of the action potential and recycle neurotransmitters released during synaptic transmission. Oligodendrocytes and Schwann, both glial cells, insulate the axons as the myelin sheath in the respective central and peripheral nervous system. To increase the speed of an action potential, the axon and dendrites are wrapped in the myelin sheath: a covering composed of lipid cells and glial cells. Transmission of chemical messages, axon potentials, can be as slow as 0.5 meters/sec or as fast as 120 meters/sec.  

Protection  
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The brain is made up of two hemispheres that are connected through the corpus callosum. There are two kinds of tissues that make up the brain: white matter (myelinated axons) and grey matter (neurons). However, the brain is not completely solid; it is protected by the ventricular system which absorbs shock by surrounding the brain in cerebral spinal fluid which also provides nutrients. Large areas of cerebral spinal fluid that occupy the brain are called ventricles which help to keep the brain afloat and stable. The brain is also protected by the meninges which are three layers of durable tissue which cover the brain. This is seen in our slides as clear boarder surrounding the outside of our tissues. These three layers include the outermost dura matter, the arachnoid which is between the middle layer and the pia matter which is tightly adhered to the brain. The outer part of the brain has a bumpy appearance which is caused by the gyri (the elevated portions of the brain) and the sulci (the grooves in the brain) as seen in the previous picture.
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Divisions and Lobes 
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Three major divisions of the brain include the hindbrain (medulla, pons and cerebellum), the midbrain (colliculus and tectum) and the forebrain (the thalamus which relays information for sensory input, the hypothalamus which regulates the autonomic nervous system, the cerebral cortex  which controls learning and emotion, the hippocampus which controls memory and the basal ganglia which helps with future planning sequences and emotion). Four lobes make up the cerebral cortex in the forebrain consisting of the occipital lobe, parietal lobe, temporal lobe and frontal lobe as you can see in the figure above. The occipital lobe controls vision and ocular pathways while the parietal lobe controls touch sensations and spatial positioning. Fine motor movements and impulse control take place in the frontal lobe. The glioblastoma we studied was in the temporal lobe which controls emotional responses, hearing, memory and speech. 

The Aging Brain  


The brain gains substantial weight throughout a person’s life. At birth, a brain usually weighs 350 grams and grows to 1200-1400 grams as an adult.  It makes up approximately two percent of an adult’s weight. The brain we used during our histology project was cut in 4 cm thick slices along the horizontal plane. It was harvested from an 86-year old man. As the body ages, the brain goes through dramatic changes. The volume of the ventricles increases because cells surrounding the ventricles are lost and the cerebral spinal fluid fills this area. The sulci on the surface of the brain tend to widen over the age of seventy five due to loss of neurons throughout the life. 

Cancer of the Brain 
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               The possibility of cancer or disease increases greatly in the later decades of life, because of the many generations of gene mutations that have taken place.  Brain cancer is an especially deadly and invasive disease which affects 100,000 people each year. Over 60% of these brain cancers are gliomas, or cancers that affect the glial cells in the brain. As previously mentioned, glial cells are a key structure in maintaining the integrity of brain tissue because they remove dead cells. Each of the three main macroglial cells has a corresponding type of cancer. Astrocytes are afflicted with astrocytomas, oligodendrocytes are affected by oligodendrogliomas and ependyocytes contract ependymoma. 

Glial Tumors
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Each stage of these glial tumors (and all tumors) are graded on a scale of I to IV based on the vascular supply, invasive potential, necrotic center and rate of mitotic division.  The ranking indicates the tumor’s malignancy. Grade I tumors are the slowest growing, least harmful brand of cancer, while grade IV tumors expand rapidly and have necrotic (dead) tissue in the center and may have their own vascular supply. The most common and least curable form of brain cancer affects the astrocytes in brain tissue.  In addition to cleaning up the ions remaining after depolarization, astrocytes also provide a fibrillary framework for the neurons. The radiating processes of these neuroglia adhere to capillaries and different parts of the neuron (see picture). There are two different types of asterocytes, fibrous astrocyte, which only have a few straight appendages and exist in the white matter, and protoplasmic astrocytes, which have a plethora of short branched processes and exist only in gray matter. The cancer that affects these extremely important cells is equally as devastating as astrocytes are necessary. Astrocytomas, begin with a grade I pilocytic astrocytoma, then grow into a stage II astrocytoma, through a grade III anaplastic astrocytoma, and finally into the most malignant of all of the glial tumors, a grade IV glioblastoma multiforme (GBM). Approximately half of all gliomas are glioblastomas.
Causes 


Just as with most other cancers, there is not a definite explanation as to what triggers the growth of glioblastomas. It is largely accepted that mutations in proto-oncogene (genes that monitor a cell’s procession through the cell cycle) and tumor suppressor genes are responsible for glioblastomas as well as several other types of glial abnormalities. Specifically, tumor suppressor gene p53 and mutations in chromosome 17 are often held accountable for glial tumors. Inherited diseases that change or eliminate chromosome 17 or gene p53, like neurofibromatosis, Turcot's syndrome or Li-Fraumeni syndrome, frequently result in reoccurring cancer episodes in the host. In one study done in Germany, 80% of the 1002 patients studied had an extra copy of chromosome 17. 

Treatment 

70% of patients diagnosed with a Grade IV astrocytoma are in the 45-70 age group. Gliomas present with headaches, changes in mood or personality, trouble concentrating or seizures. A neurologic exam and an MRI are necessary to determine whether these symptoms are caused by this deadly tumor. Upon diagnosis a myriad of treatment options exist, however, these methods only serve to slow down the growth of the tumor. One of the most commonly employed methods of treatment is microsurgery, which only removes a small portion of the tumor in an attempt to helps doctors treat the rest of the tumor with less invasive options. Ultrasonic aspiration is another treatment option which involves using ultrasonic waves to fragment the tumor. The pieces are then suctioned out and small implants that release chemotherapeutic agents are inserted into the tumor site.
 Other treatment options include radiotherapy, which is usually administered after radiosurgery to kill remaining tumor cells. Chemotherapy is the most commonly used method to slow down the proliferation of cancer cells. While it is the most widely known treatment for cancer, this method is used only in combination with other treatments of brain tumors because the blood-brain barrier prevents many of the chemicals from crossing into neural tissue.  Regardless of which treatment (or combination of treatments) is used, the median survival of someone diagnosed with a glioblastoma is approximately 10 months to one year. 
Under the Microscope
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When examining a glioblastoma under a microscope, the difference between healthy and abnormal tissue is very obvious. Healthy neural tissue should appear to have a uniform distribution of the cell population and blood vessels (no clustered glial cells). As seen in the 
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picture, there is often artifact around the neurons where the dehydration has forced the loose tissue away from the cell body. This is seen in the picture as the white outlines around the nuclei. The nuclei are the large, deep purple staining cells (See Green Arrows in picture) and the glial cells are the equally large medium-purple staining specimens. The smallest cells in the healthy tissue are the dense dark purple microglial cells. There is an abundance of these cells because their functions are so varied and paramount to the survival of the neural tissue. The three main types of brain cells (neurons, glial cells and microglial cells) are surrounded by a purple (or pink, depending on the stain) meshy medium. This medium is actually made up of the long processes that run from the glial cells to other parts of the brain. 
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Healthy brain tissue varies greatly from cancerous tissue. While the gross anatomy of normal healthy brain tissue will appear a pale pinkish-tope color with a spongy texture, the appearance of tissue affected with a glioblastoma will vary from brown to green to black lesions on the cortex of the brain, eating into the white matter. On a cellular level, specimens that have a glioblastoma multiforme contain atypical cells (oddly shaped cells) and cells engaged in rapid mitoses. The areas that aren’t filled with proliferating cells are usually occupied by necrosis. Necrosis is characterized by wide patches of pyknotic cells (non-nucleated cells) that appear a very pale pink color under the microscope. 
Aschemic necrosis is caused by the tumor multiplying too rapidly to feed itself, resulting in the death of some of its own cells. Radiation necrosis (not pictured) looks identical to aschemic necrosis, the main difference is that radiation necrosis is caused by radiation treatment blasting away at large patches of cancerous tissue, leaving giant barren areas on the slide. Aschemic necrosis is patchy and often surrounded by a densely populated area of glial cells- this cellular pattern is called palisading, or pseudopalisading (see picture above). 
Another, less frequent indicator of a glioma are areas of gliosis, or scarring, are caused because the brain lacks fibroblasts. Instead of healing injuries or abnormalities through granulation tissue and fiber scarring, the brain relies on phagocytic monocytes and microglia to clean up the dead tissue. The astrocytes then proliferate to form a glial scar. Normally, a cyst-like cavity will remain, lined with dense asterocytic tissue. In addition, the tumor will encourage little colonies of blood vessels to take root in cancerous areas to feed the malignant cells. This is called endothelial proliferation. No other stages of astrocytoma present with necrosis, so if large spaces of dead tissue are discovered, this is a sure indicatory of a glioblastoma. 

The Unknown Future


The brain is one of the most complex organs that the body supports; even with the technology and medical advances that have occurred these past few decades, researchers still have hundreds and thousands of questions that still must be answered. Many of these queries deal with diseases like glioblastomas, which damage the brain from the inside out. Although modern day treatments will prolong a patient’s life for up to a year, many members of the medical community are unsatisfied with the progress that has been made over the last 25 year. When scientists better understand the etymology of brain cancers, treatments will start to be engineered more rapidly. Until this time, scientists will look to pathologists for help on answering some of sciences most challenging problems. 
Glossary:

· Action Potential: Electrical "all-or-none" impulse that transmits information within the nervous system.
· Arachnoid: Middle layer of the meninges.
· Astrocytoma: Cancer of the astrocyte cells.
· Astroglia/astrocyte: A type of glial cell. It controls external chemical environment of neurons by removing excess ions after the depolarization effect. It also recycles neurotransmitters.
· Axon: A nerve fiber; the principle branch that sends electrochemical signals from the soma. 
· Blood-Brain Barrier: The protective encapsulation of blood vessels in the brain which prevent the diffusion of large molecules in the blood to the neural tissue. 
· Corpus Callosum: The tract of nerve fibers that connects the cerebral hemisphere. 
· Cerebral Cortex: The thin outer layer of gray matter that covers the folded surfaces of the cerebral hemisphere. 
· Cerebellum: Located behind the brain stem, the cerebellum controls movement, balance and posture.
· Cerebrospinal Fluid (CSF): Clear fluid in the ventricular system.
· Dendrite: Large branches of nerve cells stemming from the soma that receive synaptic transmission from other nerve cells. 
· Encephalon: The brain (synonym).
· Ependymal Cells: The least common type of glial cell. They line the cavities in the central nervous system.
· Fiberous Astrocyte: Exist in the white matter and have a minimal number of straight appendages.
· Frontal Lobe: Located in the front of the central sulcus which is concerned with reasoning, planning and speech. 
· Glial Cells: Non-neuronal cells in the central nervous system that act as a support system. They clear away dead cells and increase the efficiency of the axons. 
· Glioma: A malignant neoplasm that affects the glial cells in the central nervous system. 
· Glioblastoma multiforme: The most advanced astrocytomic cancer. It proliferates rapidly leaving necrosis in its wake. Patients usually die within a year of diagnosis. 
· Grey Matter: Neurons and unmyelinated processes make up the grey matter.
· Gyrus: The bumps on the surface of the brain.
· Oligodendrocyte: The second most common type of glial cell. They function in the central nervous system to mylenate the axons of neurons. 
· Hippocampus: The section of the brain that controls memory.
· Hypothalamus: A section deep inside the brain that is responsible for visceral control (ie. temperature, salt, water, food and mood.)
· Lesion: Injury caused by destruction of tissue.

· Microglial Cells: These cells are derived from monocytes and exist in both grey and white matter of the brain. They are responsible for eliminating dead cells from neural tissue and providing nutrients to the neurons. 
· Myelin Sheath: Fatty substance that surrounds some axons.
· Nervous System: One of the seven major systems of the body. It controls sensory input, motor output and converting thought into action.
· Occipital Lobe: Located in the back of the brain, concerned with many aspects of vision.
· P53- A mutation in this gene is thought to be the cause of glioma cancers. 
· Parietal Lobe: Located behind the central sulcus which is concerned with the perception of stimuli related to touch, pressure and temperature.
· Peripheral Nervous System: All neurons and their processes that are not directly connected to the spinal cord.
· Protoplasmic Astrocyte: These astrocytes have a plethora of short processes in gray matter. 
· Schwann Cell: A specialized glial cell that surrounds the axons of nerve fibers.
· Sulci: The grooves on the surface of the brain.
· Temporal Lobe: Located behind the lateral fissure, it controls perception and recognition of auditory stimuli. Also, it helps the hippocampal circuit in relation to memory.
· Thalamus: A massive collection of nerve cells in the cerebral cortex that is concerned with the transmission of cutaneous sense to the cerebrum. 
· White Matter: Myelinated axons make up the white matter of the brain.
· Ventricle: Large areas in the brain filled with cerebral spinal fluid. These fluid-filled spaces absorb shock and provide nutrients to the tissue. 
Pathology Appointment: Notes

· Interview with Dr. Thorning of the VA Hospital
· 3:30 pm, January 18, 2006 
· Vital function of the brain is to coordinate all other systems and functions of the body.
· The cerebrum enables us to feel emotion, thoughts, and controls our state of consciousness.
· The cortex of the brain is grey matter. 
· White matter is made up of neurons and their mylinated processes
· Dangling leptomeninges surround the brain tissue and have blood vessels running through.
· Capillaries can be identified by a single string of red blood cells.
· Small capillaries that are loosely attached to the brain tissue will separate when dehydrated.
·  This produces ‘artifact’ or errors in the tissue. 
· Stellate cells make up the first two layers of the cerebral cortex
· These first two layers relay information to the third layer, which sends info into the cortex.
· Fourth layer receives information from all below layers 
· Fifth layer is made up of large pyramidal cells which send info to the spinal cord. 
· Sixth layer is made up of fusiform cells (spindle shaped cells) that run info long distances in the cerebrum.
· Oligodendroglial cells myelinate the axons of neurons. 
· Astroglial cells support neurons.
· A malignant neoplasm of the astrocytes is aka a glioblastoma.
· Aggressive tumors often destroy the blood-brain barrier, leading to edema (swelling). 
· The largest cells in the microscope are neurons (pale purple).
·  The next smallest are glial cells (medium purple) 
· Glial cells have long processes which create the pink medium that the neurons and other neural cells exist in. 
· The smallest are dark round microglial cells.
· Microglial cells are defense cells, they are responsible for the inflammatory responses 
· The brain doesn’t have a stroma layer. 
· There is a little bit of proteoglycan and collagen around the blood vessels, but there are no fibroblasts in brain tissue.
· A neoplasm is an abnormal cell line which has the potential to destroy healthy cells.
· Neoplasms induce the formation of thick-walled blood vessels (vascular proliferation) 
· Endothelial proliferation increases edema.
· Tumors cells are constantly outstripping their own blood supply (askemic necrosis).
·  They grow so quickly some of their own cells are starved.
· Necrotic tissue is characterized by a lack of purple staining.
· Pyknotic cells are deep, irregular staining neurons with no nuclei; a sign of cell death. 
· Health blood vessels are characterized by a single line of blood cells around the cross-section. 
· Blood vessels in neoplastic regions have thick walls and palisading, deep-purple staining, glial cells around the circumference. 
CVR: Histology: Don’t Switch Off!
· Histology is a central Biological and Medical Science

· Histology: study of the structure of biological material and the ways in which individual components are structurally related.
· Tissue is obtained by using a variety of different types of biopsies.
· Able to gain understanding of structural abnormalities that lead to diseases or disorders.
· Cellular Theory
· Structure of living organisms fit the function.
· Tissues were divided into four types
· Epithelial cells: cells that covered surfaces.
· Muscular tissues: cells with contractile properties.
· Nervous tissues: cells forming the brain, spinal cord and nerves.
· Connective tissue: cells that produced an extracellular matrix and linked other specialized tissues (tendons, bones, fatty tissue).
· A single cell can have many functions
· Immune cells are also blood cells, support cells can also be contractile cells
· Tissue: Assembly of cells arranged in a regular formation.
· Simple tissues are simple arrangements such as cartilage
· Compound tissues are tissues that contain a mixture of different kinds of cells such as nervous tissue which contains nerve cells, support cells, immune cells and epithelial cells.
· “Connective tissue” is more accurately described using the term “Support Cells” because it emphasizes the importance of the interactions between the extracellular matrix and cells.
· Cells form organs and systems
· Organ: an anatomically distinct group of tissues which perform a specific function.
· System: cells with similar functions but distributed to several anatomical sites or a group of organs which has related functional roles.
· Techniques used in Histology and Cell Biology
· High resolution light microscopy
· Used to study thin sections of tissues. Tissue is immersed in a fixative and embedded. Then the tissue is cut into sections on a microtome and stained with hematoxylin and eosin to highlight the nucleus and cytoplasm.
· Transmission electron microscopy. Fixation of a very small piece of tissue fragment containing glutaraldehyde. Tissues must be embedded in epoxy resin and stained with a solution containing a heavy metal. It allows for the study of subcellular morphology.
· Scanning electron microscopy
· Solid pieces of tissues which are dried and coated in gold while an electron beam scans the specimen and reconstructs a fine three-dimensional representation of the surface.
· Cyrofracture provides information about the surface features of cell membranes.
· Reflection: The study of histology has evolved over the years as technology has advanced and scientists are able to achieve a better understanding of the structure and function of cells. The method of procuring cells varies based on which organ was used. Also, as diagnosticians are able to use different modes of looking at tissues by varying the microscopes used to analyze slides at different cellular levels. I find the development of histology very interesting because it is a prime example of how technology has changed the way that a scientific process is completed.
CVR: Tissues Concept and Classifications
· A tissue is an organized arrangement of cells that function in a collective manner. 

· Tissues maintain body functions.

· Cells within certain tissues communicate through intercellular junctions which allow the cells to operate as one unit. 

· The basic tissues are epithelial tissue, which lines the body cavities and forms glands, connective tissue which supports the other three basic tissues, muscular tissue which is made up of contractile cells, and nervous tissue which gathers information and controls the activities of the body. 

· Each of these tissues can be further subdivided based on more specific characteristics.

· Tissues are classified based on morphological or functions properties. 

· Epithelial cells can be arranged in single or multiple layers, and are always contiguous.

· Connective tissue cells are separate from one another. 

· Bone and cartilage are two types of connective tissue. 

· Neurons are characterized by having axons and dendrites, which allow them to communicate with cells of the epithelial and muscle.

· The central nervous system is the brain and the spinal cord. The peripheral nervous system is the nerves in all other parts of the body, called Schwann cells. 

· Nerves are most commonly seen in loose connective tissue. 

· Muscles are unique because of their actin an myosin proteins.

· Muscle cells are usually oriented in the same directions. 

· The majority of the cytoplasm consists of protein fibrils and actin and myosin.

· Keeping in mind the basic characteristics of all four basic tissues will greatly help when examining a tissue under a microscope. 

· When tissues undergo a change related to a tumor or teratoma, these tissues can not be recognized by using knowledge about normal tissues. 

· Vocabulary

· Tissue: an organized arrangement of cells that function in a collective manner. 

· Fundamental Tissues: epithelial tissue, which lines the body cavities and forms glands, connective tissue which supports the other three basic tissues, muscular tissue which is made up of contractile cells, and nervous tissue which gathers information and controls the activities of the body.

· Free Surface of the Epithelium: the surface that adheres extra cellular components adhere
· Loose Connective Tissue: loose connective tissue consists of cells that are permanently stationed and those that come and go
· Dense Connective Tissue: Dense connective tissue contains many closely packed fibers 
· Neuron: highly specialized cells that transmit electrical impulses from one site to another.
· Axon: A long process that carries the impulse away from the nucleus of the neuron.
· Dendrite: Carry impulses towards the cell body. 
· Reflection: This packet was a nice review for me. I took a class this past summer in Histology and most of what was we covered was touched on in this packet. But I had never realized that bone was connective tissue. It made me wonder whether it is vascular or not. I believe that it is, but it is something I would need to look up. Because this packet was an overview, it was simple and easy to understand; I especially enjoyed looking at the picture of the nerve bundles because my tissue for histology is the brain. I also learned that dot-like patterns in the nerve tissue are actually thin cytoplasmic processes, or axons. 
CVR: Tissue Level of Organization
· Four Primary Tissue Types

· Epithelial tissue, connective tissue, muscle tissue, and neural tissue

· Specifically comparing the relationship between highly diverse cells and function.

· Epithelial Tissue

· Made up of epithelia and glands which are cells that secrete material

· Epithelium is the layer of cells that forms a barrier that covers exposed surfaces and lines internal passageways and chamber while producing glandular secretions

· Characteristics of epithelia

· Free surface exposed to the environment or passageway

· Attachment to connective tissue by a basement membrane

· Avascular is the absence of blood vessels which means that the epithelial cells must obtain nutrients from deeper tissues or their surfaces.

· Functions of epithelial tissue

· Provide physical protection: protect from abrasion, dehydration and chemical and biological agents such as bacteria.

· Controlling permeability: substances that enter or leave the body.

· Providing sensations: detect changes in the environment and relay the information to the nervous systems by stimulating sensory nerves.

· Producing specialized secretions

· Exocrine secretions are released on the surface of the epithelial surface.

· Endocrine secretions are discharged inside the surrounding tissue and blood.

· Intercellular connections

· Epithelial cells must always be joined to one another to prevent bacteria to enter.

· Gap junction: two cells are joined by interlocking membrane proteins.

· Tight junction: two cells are tightly pushed together by interlocking proteins and create a non permeable barrier that doesn’t allow water or solutes to pass through.

· Desmosomes: two cell membranes are locked together very tightly by intercellular connections consisting of a network of fine protein filaments. 

· Epithelial surface

· Microvilli which help with the secretion or absorption of solutes. They specialize in active transport because of the increased surface area.

· Stereocilia are elongated microvilli found in male reproductive organs and the inner ear
· Basement membrane is between the epithelium and connective tissues so that they are firmly anchored to the rest of the body. 
· Epithelial renewal and repair
· They replace themselves over time by continually dividing stem cells that are unspecialized and can mature into any type of epithelial cells. 
· There are two types of cell layers called simple, single layer of cells found inside the body, and stratified, several layers found on the surface of the skin. 
· Three basic cell shapes
· Squamous cells are thin and flat.
· Protections where absorption takes place, reduces friction
· Cuboidal hexagonal boxes that form neat rows in with the nucleus in the center
· Limited protection, secretion or absorption takes place
· Columnar cells are taller and slender so that it forms a narrow band.
· Some protection, lines the somach and intestinal track
· Pseuodostratified epithelia: mixture of cell types

· Transitional epithelium: occurs where significant changes in volume occur (uterus)

· Stratified squamous epithelia: high mechanical stress (tongue)

· Exfoliative Cytology: the study of cells that re shed or collected from epithelial cells.

· Amniocentesis is an important test that uses fluid collected from the amniotic fluid surrounding a developing fetus and can be used to diagnose down syndrome. 

· Pap tests also use exfoliative cytology to diagnose cervical cancer

· Glandular Epithelia 

· Merocrine secretions release the product through exocytosis.

· Apocrine secretions give the product through the loss of the cytoplasm and the product it is attempting to secret.

· Holocrine secretions fills the entire cell with secretions and then bursts apart and dies.

· Types of Secretions

· Serous glands secrete a non-viscous solution with enzymes

· Mucous glands secrete a thick, slippery mucus

· Mixed glands contain more than one type of gland cells. 

· Connective Tissue

· Connective tissues support and protect organs, transport fluids, store energy reserves (fats) and defend the body.

· All connective tissues have specialized cells, protein fibers and ground substance. 

· The extracellular fibers and ground substance make up the matrix.

· Ground substance fills the space in between the cells. 

· Many connective tissues are classified by the properties of their ground substance. 

· The three main kinds of connective tissue are connective tissue proper (tendons and ligaments), fluid connective tissue (blood and lymph) and supporting connective tissue (cartilage and bone)

· Connective tissue proper contains a varied cell population.

· Fibroblasts produce and maintain connective tissue fibers and the ground substance. 

· Macrophages engulf damaged cells are aid in immune response. 

· Adipocytes (fat cells) vary from one connective tissue to another. 

· Mast cells release chemicals immediately after and injury or infection which constitute a huge part of the body’s defense system. 

·  There are three types of connective tissue fibers in connective tissue proper

· Collagen fibers are long, durable and flexible. 

· Elastin fibers are wavy and contain the protein elastin. 

· Reticular fibers are the least common fiber. They form the framework. 

· The ground substance in connective tissue proper is clear colorless and has the consistency of maple syrup. 

· Marfan’s syndrome is an inherited disease that affects the production of fibrillin. 

· There are two types of connective tissue proper: loose and dense.

· Loose connective tissue has an extensive circulatory supply, fill spaces between organs.

· Adipose tissue is loose connective tissue that contains an abundance of fat cells. 

· Dense connective tissue interconnects bones and muscles. It forms a thick layer that surrounds visceral organs like the spleen, kidneys, liver. 

· It is composed mostly of collagen fibers. 

· Dense connective tissue includes tendons (which connect muscle to bone) and ligaments (which connect one bone to another).

· Fluid connective tissue includes blood and lymph.

· The red blood cell accounts for over half of the volume of blood. 

· The ground substance is called plasma and contains a small number of white blood cells (which aid in the immune response) and platelets (which function in clotting).

·  Extracellualr fluid is composed of plasma and interstitial fluid which surrounds the cells of other tissues

· Arteries carry blood away from the heart into thin vessels called capillaries whereas veins carry blood towards the heart.

· Lymphocytes are the cells responsible for immune responses.

· Supporting connective tissues are bone and cartilage

· Cartilage is made up of a gel containing fibers and cells called chondrocytes which live in little pockets of the cartilage.  They are flexible and are found in the surfaces of bones within joints and the respiratory tracts.

· Elastic cartilage is composed of elastic fibers and makes up the outer ear.

· Fibrocartilage is made up of collagen fibers found between vertebrae of the spinal column because it is dense and durable. 

· Bone is made up of hard calcium compounds and flexible collagen fibers that make it strong and resistant to outside pressures. 

· It is composed of Ooteocytes which obtain nutrients through extensions that reach blood vessels and periosteum 
which is the outside layer of the bone.

· Membranes are barriers between different layers including the phospholipid bi-layer of cells or the epilthelium between tissues. 

· There are four main membranes:

· Mucous membranes exists where there is exposure to the exterior. The connective tissue part of the membrane is called the lamina propria. The membrane is composed of epithelia cells that secretes a product.

· Serous membranes line the inner cavities of the body with no exposure to the outside. The pleura that covers the lungs, the pericardium around the heart and the perioneum around the abdominal cavity use this type of membrane to create barriers. 

· Cutaneous membranes exist on the exterior skin of the body which is thick and waterproof to help prevent against infection.

· Synovial membranes exist at joints to restrict or enhance movement that is made of cartilage and synovial fluid that helps lubricate the joint.


· Muscle Tissue

· Specialized for contraction of tissue

· Skeletal muscle cells are long and thin and are called muscle fibers

· Each contraction is the interaction between myosin and actin which are both proteins found in the cytoskeletons of most cells.

· Three types of muscle tissue

· Skeletal muscle tissue is composed of larger, multinucleated cells held together by loose connective tissue.

· It is striated and will only contract when stimulated by nerves.

· It is called striated (the cells form bands on the muscle tissue) voluntary muscle and helps bones move through the use of tendons.

· Cardiac muscle tissue is composed smaller, single nucleated cells that are connected at intercalated discs which attach the cells together with both gap junctions and desmosomes. 

· They form a muscle tree which starts the contractions of one part of the heart used to stimulate another part. The contraction is regular and they are called pacemaker cells.

· The movement is involuntary and the muscle around the heart is called striated involuntary muscle.

· Smooth muscle tissue is composed of small and thin single nucleated cells.. 

· It is unstriated because the actin and myosin are scattered irregularly around the entire tissue.

· The smooth muscle cells located in the walls of the blood vessels and in layers around the digestive and reproductive tracts are categorized as nonstriated involuntary muscle since they do not react to a stimulus from the nervous system.
·  Neural Tissue 

· Specialized for the spread of electrical impulses that transfer information.

· Neurons transmit the actual chemical signals

· A neuron has a cell body, soma, which contains the nucleus

· Dendrites transport the electrochemical response from one neuron to another through the dendritic trees that is affected by the change in cell membrane.

· Axons are called nerve fibers which are encapsulated in myelin to help them effectively conduct electrical signals. They transport the signal from each individual to another through synaptic terminals. 

· The synaptic terminals are called synapses. 

· Glial cells support the neurons to help the brain tissue function effectively. 

· Tissue Injuries and Repair

· Tissues must repair themselves in order to maintain homeostasis.

· The area is isolated so that the damaged cells can be cleaned up by micro/macrophages. This is called the inflammatory response.

· Then the damaged tissues are replaced or repaired.

· Tissues and Aging

· Epithelial cells get thinner, hormone changes occur and irreplaceable cardiac muscle fibers and neurons die. 

· Reflection: This source gave a broad overview of the four main types of tissue which could be very useful when we look at tissue under the microscope and can differentiate between the types based on the cellular structure. I had no idea about the level of complexity of the epithelial tissue system which has at least seven different types of epithelial cells. I also had no idea that bones, tendons and ligaments were a type of connective tissue. It was fascinating to see how everything in the body falls under a classification, and the many different sub-sections of each classification. Learning about all of the different diseases that affect these tissues was enthralling. Because the four main tissues are so widespread, diseases affecting any of them have severe impacts on the quality of life. Like Marfan’s Syndrome, which affects the connective tissue and leads to abnormal skeletal structure and an unstable cardiovascular system. 
CVR: Histology and How it’s Studied

· Histology is derived from the Greek roots histos and logia. Together they mean “the science of tissue.”

· Studying microscopic features of cells and tissues makes clearer the relationship between structure and function.
· There are four basic tissues: muscle, nerve, epithelial, and connective. All parts of the body are made up of these tissues.
· Cells of connective tissue produce intercellular substances which are strong and support the shape of the body.
· Body fluid supplies cells with nutrients and also carries toxic by-products away. 
· The three substances that make up the bodies tissues are intercellular substances, cells, and body fluids. 
· Histological sections are tissues that have been cut into thin slices, so that light can pass through them.
· There are two main techniques for preparing sections: the paraffin technique and the frozen technique.
· The paraffin technique begins with a small sample of tissue being taken from the cadaver. 
· The tissues are then fixed.
·  Fixatives have a hardening effect on soft tissue to prevent deterioration.
· They also prevent enzymes from digesting the tissue and they kill bacteria.
· Once the tissue is fixed, it is dehydrated.
· Water must be removed because paraffin and water are not miscible. 
· The tissue is passed through successively stronger solutions of alcohol, which allows all of the water to be slowly pulled out of the tissue. 
· It cannot be placed directly into 100% alcohol because the tissue would go through shock and it would destroy the integrity of the specimen. 
· The alcohol is then cleared out of the tissue by replacing it with xylol. Xylol is used because paraffin wax is soluble in xylol. 
· The tissue is embedded with paraffin. All of the spaces that water previously occupied are now filled with wax. The tissue can now be cut on a microtome into thin sections.
· The staining process is very long.
· First, the slide is passed through xylol to remove the paraffin, then through absolute, 100%,  alcohol to remove the xylol and then through decreasing strengths of alcohol and then through water
· The section is stained through a series of staining baths that take about an hour to complete the entire process.

· Then the slides are coverslipped using permount as a mounting medium in order to make sure the slides are permanent and that the tissue does not get destroyed.
· Freezing is the preferred method of tissue preparation when slides must be examined rapidly.

· Tissues are frozen in liquid nitrogen, then they are microtomed and analyzed.

· Microscopes make things larger and reveal fine detail. 

· A microscope has an eyepiece that can rotate to give greater magnification and also in some microscopes can be used to focus. 

· The slide sits on a stage, through which light passes from the condenser below.

· An iris mediates the intensity of the light. 

· A 10 X magnification magnifies 100 times. 

· Oil- immersion objective can be used for even higher magnification, however sometimes focus cannot be achieved. 

· Before placing a section on a microscope, examine the slide up to the light to check for impurities and orient the coverslip side. 

· Starting at a low magnification helps to examine every part of the specimen and see which areas are of interest. 

· Oil-immersion objective helps to magnify the specimens even more. 

· Dyes are used to distinguish components from one another. 

· Hematoxylin and Eosin are the most commonly used dyes.

· H&E only provide general information about the slides because the cation/anion binding sites are present on more than on kind of molecule. 

· Components of the tissue are hard to distinguish without staining because they all have similar optical densities. 

· Before stains, people still knew that cells were round, jelly-like sacs.

· After stains, scientists were able to differentiate between the nucleus and cytoplasm.

· Other stains exist that help distinguish distinct proteins that can be used as a diagnostic tool for people who have biopsies. 

· A good site to observe cells is an organ consisting of similar cells. 

· When high powered objectives are used, the field of vision shrinks proportionally to the magnification used. 

· Looking closely can reveal faint pink lines that border around the cell. 

· Constructing a three-dimensional structure of a cell is often difficult when the field of vision is only in two dimensions. 

· Often times, several different slices must be made to glean an accurate picture of what the whole organism looks like. 

· Tubes cut longitudinally can be difficult to recognize. Rather, a transverse section will give a more accurate picture. 

· Compartments in a subdivided gland can appear larger or smaller than others depending on the plane of the section. 

· Cells contain four major classes of organic compounds

· Fats, nucleic acids, proteins, and carbohydrates. 

· Proteins consist of amino acids and always have and amine group and a carboxyl group.

· Metabolic processes are regulated by enzymes, a type of protein. 

· Glucose is stored as glycogen in the body. Glycogen appears as empty looking spaces with jagged edges under a microscope. 

· Fats appear rounded with smooth edges under the microscope.
· You can recognize different cells by their shape, color and size

· Staining can help identify major structures

· Also, comparative analysis between different types of tissues in different specimens can help determine the distinct organic compounds.

· There are three main light microscopy microscopes. 

· The fluorescence microscope has an intense light source that make the specimen fluorescent. 

· The immunofluorescent staining microscope is used for labeling specific antibodies, or for locating specific proteins. 

· The confocal microscope is used to build three dimensional images. 

· Not many intercellular substances stain will with eosin, so soft tissue appears pink or white in the stain.

· Blood is the easiest fluid to recognize because of the abundance of blood cells. 

· The fluid surrounding small blood vessels cannot be seen because it has low organic content and does not stain with eosin or hematoxylin. 

· An artifact is a flaw due to faulty technique and can be due to:

·  Cells degenerating postmortem. 

· Shrinkage, which causes contiguous components in the cell to separate. 

· Precipitates, which leave unusual pigments on the slide.

· Wrinkles or folds

· Vocabulary:

· Histology:  The science of tissues.

· Intercellular substances: produced by cells in connective tissue, it fills the space between cells.

· Body fluids: fluids that provide nutrients and oxygen to the cells and dispose of toxic by-products. 

· Sections: thin slices of tissue which are thin enough for light to pass through them. 

· Fixative: harden soft tissue and prevent deterioration. 

· Microtome: a cutting device that slices the embedded tissues into sections.

· Magnification: making things larger

· Resolution: the degree of detail 

· Monocular microscope: permits the use of only one eye. 

· Oil immersion objective: the 100x objective. The space between the overslip and the    

             objective lens must be filled with immersion oil.

· Stains: combinations of dyes which distinguish specific structures of cells when applied to a slide.

· Counterstain: a contrasting color to the first stain used, so as to better distinguish features of the cell.

· H&E stains: the most widely used stains. H stands for Hematoxylin and E for Eosin.

· Longitudinal section: a cut that is parallel to the longest dimension. 

· Cross-section: a cut that is perpendicular to the longest dimension. 

· Oblique section: a cut that is at any angle between that of a cross-section and a longitudinal-section. 

· Reflection:  There were many parts of this packet that went into minute detail and were very hard to follow. For example, the section on staining delved into a lot of chemistry related aspects. I had a hard time with Baosphilic and Acidophilic staining for this reason. I found it very interesting to read about the three kinds of microscopes because all throughout high school, I have only worked with a light microscope. It would be really interesting to work with another kind and become familiar with how it is used and what specifically it is used for. Reading about the Tissue Preparation was fun because I knew exactly what everything meant and could relate it back to actual experience. 

CVR: Histological Techniques
· Histology: Study of the correlation of structure and function of living organisms
· 4 main types of slides
· Whole Mounts: mounts of whole objects so preserved that the organism or structure can be studied – close to the appearance in real life.

· Smears: prepared by smearing a fluid such as blood or bacterial culture as a thin layer on a slide.

· Squashes: study cell contents without actual structure – to study chromosomes

· Sections: Dehydration and microtome leads to the stopping of destructive activities to the cell and allows the tissue to be permanent on the slide as a section of the actual tissue.

· Dissection: Freshly killed tissues must be put in a fixative (Prefer) quickly to preserve the integrity of the tissue.

· Speed of organ removal helps to minimize the effect of enzymatic breakdown of tissues.

· Proper tissue size (5 mm) helps with the proper dehydration schedule

· Processing of Tissues

· Dehydration: Removes all water from the tissue and replaces with alcohol

· Tissue is immersed in ascending solutions of alcohol

· Clearing: Alcohol is removed and replaced with cedarwood oil as the final step of the dehydration schedule

· Impregnation: Removal of cedarwood oil and replaced with paraffin

· Holds cells and tissues in proper placement

· Cells are run through a series of paraffin baths.

· Embedding: Prepare impregnated cells for the microtome by solidifying it in a block of wax (chuck). 

· Use Tissue Tek Center to properly place tissue in wax mold. 

· Block Shaping: Shape block with a razor blade, two cm from tissue in order to be able to microtome a ribbon containing evenly spaced slices of tissue

· Microtome: Cut the tissue into sections with a razor blade at a thickness of eight microns to create a ribbon of paraffin with tissue. 

· Ice block for one hour prior to microtoming

· Many ways to problem solve microtoming issues: adjust block, remove static, clean or replace blade, realign chuck, re-embed etc…

· Floating: Cut ribbon into three tissue sections and float on a bath with agar. 

· Three tissue sections must be centered on the slide, vertically positioned.

· Floating flattens and stretches the ribbon to ensure good slides

· Heat and allow the paraffin to melt slightly on the slide by letting it lay on a hot plate.

· Reflection: The study of tissues, Histology, is extremely important in diagnosing diseases because it allows diagnosticians to compare cells from normal and sick people or different areas of the body at a microscopic level. To compare cells, it is important to be able to seem them clearly which explains the importance of accurately processing tissues. The three day ordeal is necessary to ensure proper slides that can be analyzed. I had no idea how complex the procedure was to make slides and have a greater respect for the slides I have seen in the past. The number of issues that could arise during the production of slides is remarkable considering the importance of useful slides. 
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Protocol: Procuring Tissue
· Materials:

· Blue cutting pad

· Petri dish with prefer in it

· Scalpel

· Five cassettes labeled with team number and tissue name

· Three jars of prefer and gloves

· We also dissected human brain that followed the same procedure without the decapitation.

· Once the mouse was given to us, it was imperative that we worked quickly to minimize the enzymatic breakdown of cells.
· We had to decapitate the mouse, clear the skin and connective tissue from the skull, carefully crack the skull and peel off the pieces.

· The brain was very soft and mushy, so we had to handle it delicately.

· Once we had extracted the brain from the skull we put it into the Petri dish of Prefer.

· Prefer disables the enzymes that break down tissue.

· We could have also placed the tissue in Formalin, which is closer to Formaldehyde in its preserving abilities. However, we don’t use Formalin because it has a greater toxicity than Prefer. 

· While it was still in the dish, we used a scalpel to chop it into as many viable 5mm chunks as we could. The pieces could not be thicker than 5 mm because the fixative might not have penetrated all of the tissue. 

· We wanted variety in our slides, so we cut half of the chunks longitudinally and the other half were cut transversally. 

· We put four chunks of transverse tissue into each of the two cassettes and four chunks of longitudinal into each of another two cassettes.

· The remaining chunks were placed into the fifth cassette.

· Each cassette went into a separate jar of prefer, which would preserve the tissues perfectly until we needed them again. 
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Protocol: Dehydration
· Materials:

· 70%, 80%, 95%, 100% Ethyl Alcohol

· Cedarwood Oil

· Forceps

· Pencil box

· Five cassettes with tissue labeled with team number and tissue name 

· The purpose of dehydration is to remove the water that is in tissues and replace it with cedarwood oil. If water is left in the tissues, it always destructive enzymatic processes to continue and would not lead to nice slides that show what the tissue looks like in a live animal. The tissues also cannot be left in alcohol because it would deform the cells. Cedarwood oil clears the alcohol and allows the tissue to be preserved in a medium that halts the enzymatic processes and doesn’t disrupt the tissue. Also, cedarwood oil is miscible with paraffin which prepares the tissues for embedding.

· Procure tissue necessary and preserve in labeled plastic cassettes.

· Human tissue must be preserved in formalin, however it can be held in 70% ethyl alcohol for the beginning of the dehydration process.

· Other animal tissue must be preserved in Prefer. 
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· Begin by moving the cassette from either 70% ethyl alcohol or prefer to 80% ethyl alcohol to begin the dehydration process.

· Immerse the cassette for 25 minutes, it may be necessary to place an inert weight on top of the cassette to ensure complete immersion

· Transfer the cassette from 80% ethyl alcohol to 95% ethyl alcohol.

· The tissue continues through ascending solutions of alcohol in order to make sure that the tissue is not shocked by immediate immersion in 100% ethyl alcohol. This way, the water is forced out of the tissue more gradually so that the tissue is not distorted.

· Immerse the cassette for 25 minutes.

· Transfer the cassette from 95% ethyl alcohol to 100% ethyl alcohol.

· Immerse the cassette for 25 minutes.

· Transfer the cassette from 100% ethyl alcohol to cedarwood oil.

· The cassette is kept in cedarwood oil until impregnation. 

· Cedarwood oil clears the alcohol out of the tissue and replaces it without ruining the tissue.

Protocol: Impregnation
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· Materials:

· Cedarwood oil with tissue cassettes

· Mrs. Welch’s magical paraffin impregnation machine

· Embedding begins with impregnation. Impregnation is the process that removes the cedarwood oil from the tissue (using propar) and replaces it with wax.

· Impregnating begins by placing the capsules (still immersed in cedarwood oil) in the cardboard bin marked ‘4th period’. We include an ID card with our group number and the capsule numbers. 

· Some time later, Mrs. Welch runs the capsules through a series of three paraffin baths. The bathing takes a total of two and a half.

· The paraffin bath must stay at a temperature of between 58 and 60 degrees Celsius.

· The tissues are impregnated with paraffin, which holds the cells in the tissue in their proper placement. 

· From here, the tissues must be placed in paraffin block which will allow our brains to be microtomed. 
Protocol: Embedding

· Materials:

· Tissues that have been impregnated, Tissue Tek Center

· Labeled collars, plastic molds

· Once Mrs. Welch announces our group number, we go to the back of the room and  begin embedding. 
· Before we used the equipment, we prepared our collars. 
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The collars were labeled with our wax pencils with our group number, type of tissue, and cut of tissue.
· The Tissue Tek Center is used to embed the tissues into this block First, we filled our plastic mold with hot wax and placed it on the hot square.

· We then used our forceps to remove the piece of tissue from the paraffin bath that it was sitting in.

· The plastic mold is placed on the cold slab.
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Once the block just barely begins to frost over, we quickly orient our tissue in the mold.

· Cross-section pieces were placed standing up in the mold and longitudinal pieces were placed lying down. 

· The collar is then pushed down slightly on top of the plastic mold so that it sticks, and the remaining space in the collar is filled with wax so that the collar doesn’t fall off the mold.

· The embedded process is complete, and the collar is



               placed on ice overnight. 

Protocol: Microtoming
· Materials:

· Blocks of tissue that has been iced and shaped

· Microtome machine

· Tissue ribbon box with black construction paper bottom

· Paintbrushes, ice-cubes, gauze, xylene, cotton balls, dryer sheet

· The purpose of microtoming is to create thin slices of the tissue that can be floated onto slides and looked at under a microscope. It is important to microtome correctly in order to achieve the desired straight ribbon and uncompressed tissue to ensure that the slides accurately portray the tissue. 
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Prepare the block by shaping and icing the embedded tissue which has set overnight after the embedding process.  
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Shape by using a razor blade to cut the paraffin around the tissue and create a 2 cm border on two sides. 
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Make sure that all sides of the block are straight to ensure a straight ribbon.

· Do not cut too close to the tissue or the tissue will compress when it is microtomed because there is not enough paraffin wax around to keep it in place.

· Ice the cut block for one to two hours to make it easier to microtome because the razor blade in the microtome slices cleaner through chilled paraffin.

· It may be necessary to ice the block throughout the microtoming process. 
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Keep an ice cube wrapped in cheesecloth around to ice the block whenever the ribbon becomes uneven or very soft and fragile.

· Place the block into the microtome and align it to make it parallel to the razor blade.

· Move the blade close to the block and lock it into place.

· Clean the razor blade with xylene or a xylene substitute to make sure it is clean.

· Check the blade for any nicks or imperfections.

· If there are any imperfections change the blade prior to beginning to microtome.

· Check to make sure that the microtome machine is set for a thickness of 8 microns. 

· Unlock the microtome machine so that when cranked, the block advances.

· Begin to crank the right handle to move the block closer to the block.

· If the block is far away from the blade, advance the block at a rate of 50 microns per turn by turning the smaller crank on the left side.

· After the block becomes close, go back to moving forward only 8 microns per crank.
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As the microtome begins to be cut the block, a ribbon will be produced made of the paraffin sticking to itself after each cut. 

· Using paintbrushes held away from the blade, slowly coax the ribbon off of the razor blade and hold it in the air while cranking the right handle.

· If the ribbon curls up on itself, use a dryer sheet to remove the static from the blade by brushing it against the blade in an upwards motion.

· If the ribbon splits, check the blade and also ice the block. If the paraffin is cracked, it is necessary to re-embed to avoid splitting of the ribbon.

· If the ribbon is not straight, realign the block to make sure that it is parallel.
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If the ribbon sticks to the blade, clean the blade and let it dry completely before beginning to microtome again.

· If the ribbon breaks easily and is overly fragile, ice the block for a few minutes to regain the cleanness of the cut.

· After the ribbon is sufficiently long, lift it off and place it in a cardboard box lined with black paper so that the ribbon is more visible.

· Continue to microtome until the tissue is adequately cut up and there is enough ribbon to float.

Protocol: Floating 
· Materials:

· Box of tissue ribbon from microtome, labeled slides
· Razor blade, paintbrush
· Floating bath with agar 

· After the paraffin blocks have been microtomed into ribbons, it is time to mount them on slides.
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The first step to floating is to prepare the water bath and gather the necessary materials.

·  The bath must be between 40 and 45 degrees Celsius and have a smiley face on it.

·  A smiley face sticker means that Mr. Tougaw or Mrs. Welch have added Agar to the bath.
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 Agar is derived from seaweed and makes it so the ribbons stick to the slides.

· Before you can float, the bath must be cleaned by running a Kleenex over the surface to remove any excess wax from previous usage.

· Slides should be labeled in wax pencil beforehand with the group number, type of tissue and cut of tissue.
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Then, carefully pick out several good sections of tissue in the ribbon. A good section is one that is flat, with no holes or rips in it.

· Using a razor blade or cutter-thing, cut sections with three pieces of tissue in each section.

· Using a brush, carefully move one section to the bath and roll it off of the brush shiny side down.

· Insert one of the slides into the water so that it is perpendicular to the section of tissue.

· Move the slide very close to the tissue so that it almost touches the edge.

· Slowly draw the slide out of the water. The tissue should lay flat and stick to the slide.

· Quickly lay slide flat against the template to access whether it is aligned properly or not. 

· If it is not aligned, insert slide (perpendicular to the water’s surface) back into the bath. The tissue should slide off. Repeat process until slide is aligned properly.

· Make sure that the sections are aligned so that they are stacked vertically when the slide is held horizontally.

·  If the slide matches the template well, put the finished product on the hot bar for 10 minutes, or until most of the water has evaporated.

·  If water pockets remain, press a tissue to the edge of the wax. The capillary action will suck all of the water out from under the ribbon. 

Protocol: Staining
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· Materials:

· Propar solutions (I-III)

· Alcohols (70%, 95%, 100% ethyl alcohol)

· Hematoxylin and Eosin stains

· Tap water and water baths

· Acid alcohol

· Scott’s water

· Slide carrier, slides, timer

· Purpose of staining: overcome difficulty of transparent tissues and to differentiate structures within the cell.

· Dye: color from reactive chemical groups that are charged.

· Opposite charges attract which cause light waves to be reflected.

· Staining: dye must be permanently attached to the specific part of the tissue.

· Nuclear stains: negative charged stains that bind to nucleic acids.

· Negative charges: methylene blue, hematoxylin.

· Cytoplasmic stains: positively charged stains that bind to the cytoplasm of a cell.

· Positive charges: Eosin.

· Acidic/Basic: # of charged groups that enter the molecule.

· Mordant: Intermediary substance which increases the degree of adhesion.

· Attached to the cell with covalent bonding.

· Insoluble in neutral solutions and are removed in acidic solutions.

· Direct Staining

· Dye is dropped on or immerses tissue for a certain exposure time.

· Preferable in large whole mounts.

· Indirect Staining

· Tissue is soaked in a dye and differentiated in acid alcohol until excess dye is removed.

· Preferable in sections or small objects.

· Examples of stains: H&E technique (Hematoxylin and Eosin)

· [image: image39.jpg]


Staining Process:

· Deparaffinize slides with three changes of Propar Solvent.

· First change: 5 minutes, Second change: 4 minutes, Third change: 3 minutes.

· Re-hydrate slides with descending alcohol concentrations.

· 2-5 minutes per ethyl alcohol solution.

· Rinse slides in tap water.

· Stain in Hematoxylin for 8 minutes.

· This may vary depending upon the specific tissue.

· Rinse slides in tap water.

· Differentiate slides in acid alcohol to remove excess hematoxylin (dip 2 times).

· Rinse in tap water.

· Leave in Scott’s water for 3 minutes.

· Rinse in tap water, swirl water around slide for a few minutes.

· Counterstain with Eosin by dipping the slides for five dips.

· This could vary based on the specific tissue that one is staining.

· Wash the slides in a container through tap water swirling around the slides for a few minutes. 

· Check slide under microscope to make sure that the cytoplasm is stained completely.

· Dehydrate slides with ascending alcohol concentrations

· 30-60 seconds per ethyl alcohol solution.

· Clear in Propar to remove the alcohol

· First change: 1 minute, Second change: 3 minutes, Third change: 5 minutes

Protocol: Coverslipping

· Materials:

· Slides with tissues, Permount, coverslips, hotplate
· Blue surgical napkin, dissecting needles, kimwipes

· After the slides have been stained, leave them in the individual Propar container for each specific group until you are ready to coverslip. The slides can be left in Propar for a maximum of 24 hours.

· The purpose of coverslipping is to make the slides permanent and to ensure that nothing else harms or distorts the tissue. It allows many people to look at the same slide without damaging it.
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Notice which side the tissue is mounted on and lay the coverslip flat on a piece of blue surgical cloth.

· Align both coverslip and slide on the template.

· Drop a generous amount of permount on the center of the coverslip. 

· Carefully invert and lower the slide at a 45 degree angle to prevent air bubbles.

· Chase air bubbles out from under the coverslip with  a dissecting needle

· Remove excess permount with a razor blade

· Put the coverslipped slide on the hot plate for 1.5 hours. 

· Leave the coverslip until the permount has spread out reaching all edges of the coverslip and let it dry flat for one day

Protocol: Cleaning

· Materials:

· Nailpolish remover

· White plastic slide holder

· Kimwipes, Slide Bright

· Gauze

· Stained, coverslipped slides with tissue 
· The purpose of cleaning is to make the slides free of residue that would impede a researcher’s ability to look at the slide. Also, it looks much better and more professional.

· After the slides have dried flat for one day, put them in a special bucket with nail polish remover for three minutes to loosen up the permount.

· Remove the slides and wipe the excess glue off with a gauze pad. Rub gently because the coverslip might move since it is adhered to the slide with the permount that was just dissolved. 

· Dip the gauze into the nailpolish and scrub areas that continue to have cloudy areas 

· Use Kimwipes and SlideBright to polish the slides.

· When the slide is clean and dry, place the computer generated label on the slide and place the slides in the slide box. This is very important because it is important that anybody looking at the slide knows exactly what he/she is looking at. Also, it should be aligned correctly so that the look of professionalism is maintained.



Brain: Histological Journal

· Day 1:
· Rachel and Leila get necessary materials: kit includes all histology instruments.

· Rachel comes in early and dissects the mouse for the entire class.

· Leila and Rachel begin the dissection on the brain.

· Get mouse brain: speed of organ dissection.

· Skin head.

· Get brain out of the skull.

· Cut actual brain into 5 mm pieces while in Prefer.

· It is realized the brain is quite mushy and therefore it is hard to distinguish which part of the brain is cut up.

· Put in baskets and store overnight to fix.

· Day 2:
· Leila and Rachel wait during the fixation stage.

· All of the tissue is preserved overnight in Prefer.

· Day 3:
· Rachel goes through the process of dehydration.

· She puts the baskets in each alcohol solution for 25 minutes.

· 80% ( 95% ( 100% alcohol.

· She dehydrated one basket dehydrated at home with no interruptions.

· She fixed in Cedarwood oil for clearing (missive with the paraffin).

· Rachel and Leila put the Cedarwood oil with the dehydrated tissue in the fourth period box with a Tissue Tek Request form in order to be able to embed.

· Day 4:
· Leila and Rachel are shown the different stations of the histology project.

· Microtome: Practice with blocks of wax.

· Embedding: Detailed explanations of machinery.

· Floating: Practice with wax ribbons.

· Rachel and Leila hear that it is a good idea to divide up which person does what in order to be most effective and efficient. 
· Rachel decides to float and Leila decides to microtome.

·  Day 5:
· Leila and Rachel get tissues from the impregnation process.

· Tissue capsules were left in period 4 box in Cedarwood oil.

· Teacher ran the capsules through a series of paraffin bathes.

· Two hours of exposure to paraffin.

· Impregnation will hold the cells and tissues in proper placement.

· Rachel and Leila begin the embedding process.

· They label collars (two of each kind).

· Leila and Rachel use the Tissue Tek Center to pour wax into the mold.

· Place piece of impregnated tissue, centered in mold. Rachel is very good at making sure that the tissue is centered in the mold where it is supposed to be.

· Place collars on mold, fill with wax to make them stick together and cool.
· Day 6:
· Leila practices microtoming

· 7:30 am: come in to put shape blocks and put molds on ice to prepare for microtome

· Cut them 2 mm from the tissue needed to fit three on a slide

· Biomed class: practice microtoming, accumulate a few ribbons

· Rachel practices floating

· Slide consultation, dehydration schedule is confirmed to be fine

· Ventricles are seen as holes in tissue.

· Day 7:
· Rachel and Leila procuring human brain samples from the demonstration in class done by Dr. Thorning.

· Leila and Rachel dissected tumor and normal human brain samples.

· Both cross sections and longitudinal cuts.

· Also, acquired cerebellum tissue which was put in 70% alcohol.

· Leila goes through the dehydration schedule during the evening: 

· 80%, 95%, 100% alcohol for 25 minutes each.

· End: place baskets in cedarwood oil to prepare for embedding and left with Tissue Tek request form.

· Day 8:
· Rachel and Leila embedded tumor and normal tissues: Poured wax into collar and put it on ice until edges became ‘frosted’.

·    Placed cross-sectional tissues standing up in collar

·    Placed longitudinal tissues laying flat in collar 
·    Pushed plastic on top of cooling wax and filled up the remaining space with more wax so the microtome could grip the collar.

· Collar E: Human normal cross-section, Collar F: Human tumor cross-section

·    Collar G: Human tumor longitudinal, Collar H: Human normal longitudinal

· Day 9:
· Leila arrives at 10:00 and shapes blocks E-H

· She leaves 2mm on each side of the tissue and made sure that the length of the block was no longer than 9mm. She puts them on ice for 1 hour so we can microtome them.

· Leila microtomes blocks E and G. Each block was microtomed into 3, 5-inch long sections in preparation for floating.

· Rachel arrives at 12:30 and re-floats blocks A and B (mouse brains) because there were folds in the tissues on the original slides.

· Rachel also floats ribbons from blocks E and G.

· Mrs. Welch examines a slide of block E (human normal cross-section) under the microscope and says that our dehydration is excellent but the tissues are facing the wrong way on the slide.

· Leila takes home two new samples of longitudinal tumor tissue and cross-section tumor tissue (blocks I and J respectively) for dehydration because the original samples were unfit for use. The original block G could not be microtomed because the tissue had a hole in it. The original block F could not be microtomed because the block broke in half.
· The tissues start in 70% alcohol and are moved to 80%, 95% and then 100%. 

· Then Leila and Rachel placed baskets in cedarwood oil to prepare for embedding

· Day 10: 

· 2:00 am: Leila finishes dehydrating tissues I and J drops them off at Mrs. Welch’s house so they will be ready for us to embed when we come to school at 10:00

· Both Rachel and Leila arrive at 10:00 at the High school. Rachel is depressed because all of the floating done on day 9 has to be re-done because the tissues were facing the wrong way on the slides.

· Tuga puts agar in the baths so the ribbons will stick to the slides. 

· Leila microtomes blocks F and H.

· Rachel re-floats blocks E and G. She makes 3 slides of each tissue. This time the set of three tissues are parallel to the long edges of the slides

· Tuga looks at our slides of block E and says that the tissues are not centered enough and we will be docked points.

· Leila re-microtomes block E and starts to embed tissues I and J.

· Rachel re-floats again three new slides from blocks E and G. They are perfectly centered.

· Rachel floats three slides from block H.

· Both Leila and Rachel finish embedding tissues I and J.

· Use deeper mold for tumor J to encapsulate all of the cross section and let chill.
· Microtome and float other tissues E, G and H.

· Rachel and Leila divide up the histology reading to be CVR’d over the break.

· Day 11:
· Leila removes embedded human tumor tissues from molds

· Shape blocks with straight lines and a 2 cm border with a razor blade

· Put on ice overnight to prepare for microtome tomorrow.

· Reorganize paraffin ribbons in boxes according to type of tissue

· Day 12:
· Leila microtomes I and J to get all the ribbons ready for Rachel to float 

· She realizes that J (the extra large block with the cross section) can be microtomed but has a large crack in the wax which leads to slightly skewed ribbons that are usable but not straight.

· Considers re-embbeding but decides to wait for Rachel.

· Also, notices long staining process and checks to schedule to create time to come in after school to get stain.

· Day 13:
· Rachel calls Dr. Thorning to find out more about our brain tissue 

· She learns that the brain is from an 86 year old man with a glioblastoma. 

· After taking copious notes, we decide to focus our project on comparing normal brain tissue and tissue affected by the radiation the patient underwent and the glioblastoma. 

· Dr. Thorning recommends making slides that include a longitudinal section which is composed of normal tissue, necrosis and neoplastic cells. 

· Day 14:
· Leila and Rachel dissect the brain and create four cassettes containing the section of the brain that Dr. Thorning recommended. 

· Dissection goes well; all four pieces of tissue will fit in molds and hopefully will create effective and interesting slides.

·  Rachel and Leila take two cassettes respectively home to dehydrate. 

· She puts the baskets in each alcohol solution for 25 minutes.

· 70% ( 80% ( 95% ( 100% alcohol with no interruptions.

· Fixed all tissues in Cedarwood oil for clearing (missive with the paraffin).

· Rachel and Leila put the Cedarwood oil with the dehydrated tissue in the fourth period box with a Tissue Tek Request form in order to be able to embed.

· Day 15:
· Rachel and Leila embed the four tissues that were dehydrated the night before. 

· Mrs. Welch prepares the four containers of hot wax containing our tissues. 

· Label the four collars K, L, M, N.

· Embed the tissue longitudinally to create slides that show the entire array of differentiated cells.

· Leave collars and molds to set overnight.

· Leila and Rachel organize the rest of the biomed histology project with a calendar to make sure that we stay on track.

· Rachel and Leila research and write background information for four hours to try to stay on schedule. 

· Gain a multitude of information about the brain and glioblastomas.

· Also, schedule appointment to meet with the pathologist, Dr. Thorning, on January 18th to discuss our slides and our project. 

· Day 16:
· Leila and Rachel shape and ice the new blocks of tissue (K,L,M,N).

· The new blocks contain all three different types of cells. 

· All blocks need to be iced for one hour.

· Rachel and Leila Practice Staining

· Two test slides were run through the tedious staining process

· The slides were studied and pronounced well stained

· From now on all slides will have eight minutes in the hematoxylin and five dips in eosin.

· Leila begins to microtome the blocks K,L,M,N.

· Rachel begins to float tissue and label the slides.

· Day 17:

· Rachel and Leila stain slides in the back of the room staining process.

· Everything is timed perfectly and the stained slides are left in propar for the night so that we can coverslip the next day.

· Rachel notices that some of the slides have tissues coming off of them

· We remove those slides and note the tissue at the bottom of our propar.

· Leila and Rachel practice coverslipping for the test slides and let them rest on the hot plate for half an hour. 

· Rachel and Leila microtome and float for another two hours and get more slides that are hopefully usable.

· Day 18:

· Leila and Rachel clean slides all period. 
· We learn how to soak slides for three minutes in nail polish to loosen the coverslip.

· Rachel cracks a coverslip and we learn about xylene, the magic solvent that removes coverslips. 

· We will use xylene at a later date.

· Day 19:
· Leila microtomes more of block L because this is the most viable (prettiest) tissue. 

· Rachel proceeds to float four slides of block L and put them on the hot plate. 

· Leila and Rachel clean more slides buy soaking them in alcohol for 3 minutes and then repositioning the coverslips.

· The slides on the hot plate are forgotten about and fry. They have to be thrown out because there are too many bubbles in them.

· Day 20: 

· Leila and Rachel spend the period coverslipping.
· We coverslip half of the new batch and leave the other half in the propar bath overnight. 

· Day 21:
· Leila and Rachel spend the period coverslipping. 

· We realize that the glass slide basked is covered with tiny chunks of tissue and is ruining our slides. 

· We being to use Kimwipes on our slides before we coverslip them to remove the tiny particles of tissue and dust that create air bubbles.

· Rachel re-floats the fried tissue (block L) and puts it in the slide box for staining.

· Day 22:
· Rachel stains the new batch of tissue. As she is passing the tissues through the 100% alcohol, the timer slips from her hand and plunges into the chemical. The timer is instantly fried. Rachel throws the timer out and frantically searches for a new timer. Rachel keeps time on Brian Kitamura’s clock. The tissues are safe. 
· Rachel and Leila receive their background back and discuss the finer points of how they can beef it up more. 

· We decide we need to reference the picture more and go more into detail on how the tissues appear under the microscope. 

Day 23
· Leila and Rachel organize the slide box into the categories of ‘recoverslip’ ‘clean’ and  ‘finished’.

· The ones that need to be recoverslipped we put into xylene. The next day we will recoverslip when the coverslips have fallen off. 

· Rachel floats four more slides from block K, because there is nothing else to do and Leila is running another batch of tissues through the staining station.
· We even float the slides that have tissues facing the wrong way- just in case the tissue is excellent and we have no other viable representation. 

Day 24

· Rachel and Leila have a slide cleaning party at Leila’s house while watching Grey’s Anatomy. 

· Surreptitiously taking Kimwipes, slidebright and the slide cleaning plastic container and stopping at the drugstore to pick up nailpolish remover and gauze, the party is set to begin.

· Rachel arrives at 8:30 pm in order to finish more of the paperwork including the protocol and background.

· At 9:56 pm Rachel and Leila hurriedly scramble downstairs with their slide box, slide cleaning materials and ice-cream. 

· From 10:00-11:00 pm Leila and Rachel attempted to clean slides even though they were both captivated by the on-screen medical drama. 

· Only finishing about 8 slides between them, Rachel and Leila resolve to clean for the entire period that the lab is open on Martin Luther King Day.

· Afterwards, Rachel and Leila summon their last energy of the day to plan for the future and try to create a manageable schedule. 

· The entire project was compiled in one miraculous word document that was 25 pages long. They celebrated by leaving and coming to BioMed the next day. 

Day 25
· Rachel and Leila look finished staining and let the slides lie on the hot plate overnight.

· Leila and Rachel coverslipped the slides that we stained yesterday.

· After Leila and Rachel had already accomplished all other tasks that could possibly delay the endless slide cleaning we began. 

· Rachel and Leila began to slide clean and continued for the next two hours, trying to get all of the extra glue off all every single slide.

· The slide bright was utilized to make each individual slide glean in the fluorescent lights that illuminate the BioMed room that has become as comfortable as a second home.

Day 26
· The cleaned slides were organized and put into the box according to type. 

· Rachel and Leila continued the endless process of cleaning until they both decided to let their stomachs rule their mind and go to Thai food instead of succumbing to the prison-like tedious tasks of constantly rubbing the gauze against the monotonous glass slides. 

Day 27
· Leila and Rachel continued to clean slides. 

· As a nice break in the day, Rachel and Leila panic slightly and try to plan to get everything done by Friday in order to receive the extra credit. Hopefully it is possible. 

Day 28: 

· Leila and Rachel met with Dr. Thorning, the pathologist who had already spoken to our class to explain various autopsies. 

· They went to the VA hospital afterschool and took a nice, involuntary twenty-minute tour of the buildings before locating the correct office. 

· Entering the bowels of the hospital, they were led into a parlor room wallpapered with images of tissue under the microscope. 

· We had a nice discussion with Dr. Thorning who looked through three of our slides and pointed out major parts of each slide including necrosis and certain glial cells.

· The pathologist meeting was a success, Rachel and Leila both went home excited to look at slides the next day because they would actually know what they were looking at.
· Rachel had an interesting journey back home as she took the wrong highway by accident on her return route to the little island we call home.  

Day 29:  

· Rachel and Leila looked at slides under the microscope and took pictures of the areas of the slides that they deemed most important and special.
· Also accomplished today was the task of choosing twelve slides to submit to Welch. 

· After some discussion and looking at almost every slide that they had made, they came to a consensus of twelve slides that covered the entire project

· Staying in Biomed from 2:00-5:00pm and then working on the paperwork aspect of the project at home, Leila and Rachel were able to redeem the extra credit by stopping by Mrs. Welch’s house around 8:00pm to have her check off on all of the paperwork that had to be completed by 9:00pm. 
Day 30: 

· The end is in sight as we try frantically, but meticulously to complete our histology project.
· Several phone calls have been made to Kinko’s to try to figure out how much it would cost to bind and make copies of the project.

· Rachel and Leila work more on the background and begin the slide analysis and plan to do conclusion and reflections.
Day 31: 

· Leila and Rachel meet with Dr. Garcia, a pathologist who was very kind to open her house to them in order to look at their slides. 

· Rachel and Leila work more on the entire project including slide analysis.
Day 32: 

· Success! Leila and Rachel, after a grueling night of work and a very early morning trip to Kinko’s finish their BioMed histology project. They turn it in to Mrs. Welch at her house.
  Slide Analysis: 

    Slide #4 Normal Tissue, Human, Longitudinal, 100 X


This slide shows a magnified picture of a sulcus, or groove in the cerebral cortex. There are six layers that make up the neocortical structure. The outermost layer is not seen in this slide, but it is composed of short nerve fiber projections that excite specific regions of the brain. The second layer (a heavily populated U-shaped area called the outer granular) has an abundance of stellate neuron cell bodies (a). These first two layers relay information to the third layer which sends action potentials to the cortex. When a person is conscious, the intensity of the action potentials fired range from 0-200mV with frequencies from 1 every few seconds to 50 every second. The third cellular layer is called the outer pyramidal layer which contains a paucity of neuron bodies and interconnects closely with cortical regions of the brain (b). The inner granular fourth layer consists of a large amount of glial and neuron cells (c). They receive input from the thalamus and send this information to the cortical layers above and below the fourth layer. 

Slide #8 Tumor/Normal Tissue, Human, Longitudinal, 100 X



The first indicator that this slide is cancerous is the large pink thready patch in the center of the many dark-colored cells (a). This pink patch is a large area of necrosis, or dead cells. The white circular artifact in the middle of the necrotic section is most likely induced by the presence of fluid, or edema when the tumor was active (b). The dehydration process leaves these splotches when all of the fluid is removed. The second indicator that this tissue is cancerous is the abundance of glial cells and obvious lack of neurons. A cancer of the glial cells (an advanced astrocytoma) should be able to be recognized by the proliferation of whichever cell it affects. In this case, the glial cells are multiplying rapidly and amassing around necrotic sections and blood vessels to feed. This congregation of glial cells around these regions produces an unmistakable palisading pattern (c). 
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Slide #2: Normal Tissue, Human, Longitudinal Section, 100 X


This slide shows the barrier between grey matter (a) and white matter (b). The grey matter, which surrounds the interior edge of the cerebral cortex, has many nerve cell bodies (c) and is responsible for processing information in the brain. White matter is generally composed of myelinated axonal nerve fibers and occupies the inner crevasses of the brain. It is also responsible for information transmission through their insulated axons which cause the action potentials to transmit more efficiently. The large cross-section of the blood vessel (d) shows the healthy, intact walls along with some white artifacts which was most likely a result of the dehydration. The long red structure just below the vessel is a capillary (e). We know that it is a capillary because the magnification allows us to see several parts of it that only have a single line of red blood cells. This is a distinguishing characteristic of capillaries. 

Slide #4: Normal Tissue, Human, Longitudinal, 100 X


The meninges act as a protective covering over the entire brain. This covering serve to help block harmful bacteria and other foreign bodies that could potentially harm the brain. Meninges consist of three durable layers of tissue: the dura matter (a), the pia matter and arachnoid matter (b) which is the middle layer. The pia matter is adhered tightly to the brain, as seen in the slightly darker colored line (c) on the pink tissue. The dura matter is contiguous to the skull and forms the tough outer layer. The arachnoid membrane contains cerebral spinal fluid, which carries nutrients, absorbs shock and acts as a barrier to pathogens. The white artifact surrounding this tissue can be attributed to the cerebral spinal fluid becoming evaporated during dehydration. The leptomeninges (pia and arachnoid matter) are the vascular membranes, as clearly shown above by the massive blood vessel running loosely around the edge of the tissue (d). This vessel has a thick outer membrane, seen as the light pink ring, which is called the tunica media (e). The dark inner layer of cells is called the tunica intima (f).

Slide #2: Normal Tissue, Human, Longitudinal Section, 100 X


This slide of brain tissue shows an excellent array of cells.  We are able to deduce that the tissue is healthy because of the even spread of neurons (a) and glial cells (b). Glial cells, which are approximately half the size of neurons, populate the tissue at a much higher concentration than neurons. There are almost nine times as many glial cells than neurons in normal, healthy brain tissue. Also, the blood vessels (c) and capillaries (d) have normal cell wall and the glial cells are not arranged in a palisading pattern around these cell walls. The white artifact (e) is caused by the dehydration which shrinks the loose tissue around the blood vessels and neurons.

Slide #12: Tumor Tissue, Human, Longitudinal Section, 100 X


This slide shows the dramatic contrast between the cancerous tissue and the normal tissue. The cancerous tissue, shown at the bottom (a), is heavily populated by glial cells that proliferated in the normal tissue and multiplied to the point of invasion. However, the unaffected normal tissue (b), shows no change in the ratio of glial cells and contain normal blood vessels that feed the brain. The blood vessels in the cancerous section of this slide are rendered completely useless by the microglial cells that are microphages that feed on dead cells including the cell walls of the blood vessels (c). The cancer spreads so rapidly that it deprives itself from the blood supply it needs to survive which eventually leads to necrosis. Since the brain lacks an emphasized stroma level, the dead cells are not treated with a huge population of white blood cells, instead, they rely upon the microglial cells which are not as effective (d). Thus, glioblastomas are fatal because the rapid metastasizing cancer takes over without having an efficient defense system.
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Slide #12: Tumor Tissue, Human, Longitudinal Section, 100 X


The slide shows the destruction of the mutated glial cells of a glioblastoma can have on normal brain tissue. The glial processes (a) are shown with clarity due to the dehydration that the tissue underwent which cleared out all of the edema. When the cancer metastasizes, the glial cells, specifically fibrous astrocytes, obtain long, processes that are found in the white matter of the brain. These processes generally occur around necrotic tissue (b) that the microglial and astrocytes use for nourishment. This is the reason why there is often there is a profound accumulation of glial cells, or gliosis near or at the site of damage or a tumor. The brain tissue undergoes liquefactive necrosis in order to heal itself which involves the formation of a ring of gliosis as seen above. 


Slide #11: Tumor/Normal Tissue, Human, Longitudinal Section, 100 X


This slide shows the dramatic endothelial proliferation of glial cells feeding on the dead blood vessels in the glioblastoma. Each of the blood vessels (a) is necrotic and the microglial cells gather around in a ring to gain sustenance to continue to divide at a rapid rate. The cell walls of the blood vessels decompose due to the glial cells which are attempting to repair the brain. Blood vessel lose their tight connections with the brain tissue as they disintegrate causing no shrinkage during dehydration because the glial cells (b) have completely encapsulated each blood vessel. This is seen in stark contrast with normal tissue which shows white artifact after the blood vessel has shrunk away during dehydration.  The light pink area (c) above the blood vessels is an area of necrosis which is distinguished by its lack of neurons. The necrosis is extreme where the actual brain tissue has been disintegrated (d) due to lack of blood supply and is seen by the white artifact that used to be cerebral spinal fluid that evaporated during dehydration.

Slide #9: Tumor Tissue, Human, Longitudinal Section, 100 X


This slide shows the edema that occurs during the spread of a glioblastoma. When there is an injury to the brain, it cannot scar over the damaged area because there is almost to collagen in the brain. A scar is formed by fibroblasts producing collagen to repair an area, which will later contract. However, if the brain had a contraction, it would inhibit the neuron’s ability to send and receive action potential which would lead to death. Instead, areas of edema are created to try to contain the glial cells. The edema is seen by the white splotches above where the dehydration has evaporated the cerebral spinal fluid that used to occupy the spaces (a). The edema is also created because of the low pH created by the necrosis. When cells die, they release acid through a process called apoptosis which causes swelling because the cell is hypertonic compared to its environment.


Slide #9: Tumor Tissue, Human, Longitudinal Section, 100 X


This slide shows drastic necrosis that could be a result of an extremely destructive glioblastoma or the result of radiation. The severe necrosis (a) is seen as white because the dehydration removed all of the cerebral spinal fluid which emphasizes the deceased cells and lack of neurons. Radiation is a popular treatment for brain tumors because it has the possibility of completely eradicating the cancer. Radiation therapy is the medical use of ionizing radiation as part of cancer treatment to control malignant cells. However, neurological radiation has the limitation of not being able to target solid tumors which have glial cells that have already taken over the blood vessels because they enter a state of hypoxia (lack of oxygen) which means that the DNA cannot be targeted as easily.  Also, if it kills enough of the glial cells, it can slow the glial proliferation. The strong presence of glial cells (b) can also be used as a diagnostic tool to determine the specific stage of brain cancer.  
Slides of Noteworthy Quality:
Our slides are the most gorgeous pieces of histo-pathological goodness

to ever grace this planet because:

1. Our dehydration was PERFECT. We timed it to the second and changed our cassettes 
   

         using a Rube Goldberg machine
2. Our slides stained superbly by just following the times placed above the staining station.   

3. The coverslips are lined up excellently against the slide.

4. Our slides are so clean you could use them as spoons.

5. We did the brain…duh.

Error Analysis:

Throughout the entire slide making process, the in depth protocol lent itself to many sources of error. Luckily, we did not encounter any huge catastrophe; instead we simply meandered our way through the project with slight setbacks.

 1. Originally, we were unable to procure worthwhile sections of mouse brain because it 

        had turned to mush and we had no idea what part of the brain, if any, we were looking 

        at. However, we did not abort the mouse brain immediately, we used it as our test tissue 

        for everything from microtoming to staining.  

2.  Before figuring out a more efficient setup of Rachel floating and Leila microtoming, we 

        had some minor issues with the ribbons not maintaining the integrity of the tissue. This 

       was remedied by making sure that the microtome was always set at 8 microns.

3.  Also, while microtoming, the blade sometimes moved material in the tissue causing us to 

       see random mutated glial cells in healthy tissue. Although surprising at first, we learned 

       to find areas of the tissue that this did not occur.

4. One time, we accidentally left slides on the hotplate. Even though the bubbles were fun to 

       look at, we realized that we had to redo them.
5. While learning how to clean our slides, we learned to vary the pressure that we used while 

       scrubbing with nailpolish remover. Absentmindly, while watching Grey’s Anatomy, we 

       cracked several coverslips which meant that the slides had to be soaked in xylene and 

       recoverslipped.

Overall, our project went off without major glitches. The whole time-management aspect of our project left something to be desired. The biggest problems we encountered dealt with finding times when our schedules meshed. Future refinements include: getting lucky on the tissue you receive, setting the microtome correctly every time, noticing the movement of tissues under the microscope, timing the slides on the hotplate and cleaning the slides without breakage of the coverslips.
Conclusion:

At the beginning of this project way back in December, neither one of us had any clue what aspects of the brain we would be comparing. Mice brain, though interesting, was so mushy and difficult to procure, we were almost certain we wouldn’t be using it. In addition, both of us had a fascination with human anatomy and weren’t interested in a comparative analysis between animal brains. We knew we had lucked out when Dr. Thorning generously donated the brain of an 86- year old man who had died of a glioblastoma multiforme. This extremely deadly brain tumor became the focus of our comparison, which would analyze the pathological differences between healthy brain tissue and that of this tumor.  


We met our goal of comparing these tissues. Both us are able to pick out whether a section of tissue is healthy or cancerous just by glancing at it. All of our slides came out beautifully which is a huge accomplishment and a testament to our hard work. We also learned a lot about our disease, both from a histological perspective and from a treatment angle. Our observations showed us that cancerous tissue has no neurons, an abundance of necrosis and palisading glial cells, whereas normal tissue has an even distribution/proportion of glial cells to neurons to microglial cells. In addition to learning about our tissue from the pure pathological  standpoint, we also learned about it from the research viewpoint. Glioblastoma’s are so deadly, there is a myriad of research going on right now that’s trying to prolong survival time to longer than 1 year after diagnosis. Absorbing all of this different information was truly fascinating because although this technology seems like it’s right out of a science fiction movie, it still doesn’t come close to curing this lesion. 


When doing our analysis of our brain tissue we noticed some very key aspects of our tissue. The first is that there is a severe disproportion between the number of glial cells and neurons in the brain. We deduced the reason for this unusual structure to be based on the function of each of these cells. Glial cells are support cells that perform a myriad of tasks, including myleinating the axons of neurons and removing dead cells from within the neural tissue. The body provides such a lopsided ratio of glial cells to neurons to ensure that the plethora of ‘housekeeping’ tasks that must be completed in the brain, take place. If there had been only one glial cell (as opposed to nine) for each neuron, there would be debris collecting in our brains and the action potential would not travel as effectively across the cortex.


Another example of how structure supports function can be seen in the endothelial proliferation of a glioblastoma. While the exact ‘function’ of a brain tumor could be debated, we will assume that its purpose is to survive, expand and dominate its host. Endothelial proliferation means that lots of tiny capillary and blood vessels have been harnessed to provide nutrients to the tumor. This can be seen under the microscope as a colon of small blood vessels among a sea of necrotic tissue. The quantity of this endothelial proliferation supports its function to feed the rapidly growing tumor. 


Unable to find information on the explanation for endothelial proliferation, we hypothesized that the microglial cells, acting as macrophages, collected around the dead tissue because it served as nourishment. This reasoning also applies to the reason why all glial cells accumulate around the dead blood vessels as they could be feasting on the overspill of red blood cells released after the glial cells destroyed the cell walls. In this case, the microglial cells are very similar to histiocytes, living parasitically on cell debris. Histiocytes, unlike microglial cells, have a defense system. Perhaps, the glial cells’s lack of defense necessitates their constant multiplication since they are unable to regenerate through mitosis. 


Now that we are well educated on the intricacies of gliomas, both of us understand the reasoning for the placement of the cells. The glial cells palisade around the necrotic regions or blood vessels to feed, the neurons are situated in the gray matter because this is where they are best able to conduct action potential communicate with each other. The different regions of our tissue include the temporal lobe which controls the emotional responses, hearing, memory and speech. The patient exhibited symptoms indicative of malignant neoplasm in the temporal lobe such as peculiarities in behavior, problems with recall memory, slight speech slurs and difficulty hearing out of his left ear. Different parts or lobes of the brain control distinct parts of the body. The brain itself is a regulatory organ that maintains effective and efficient function throughout all of the systems in our body. The nervous system itself controls the overall consciousness of a human being. 


Different regions of the tissue in the brain are divided into six layers that culminate to form the neocortical structure. The layers enable action potentials, and thus information, to travel efficiently to and from the brain. The inner most fusiform layer is made up of neurons that send action potentials to the thalamus via the interneuron synapses. The fifth layer is called the inner pyramidal which transmits electrical signals throughout the entire brain and spinal cord. Both layers five and six are located in the center of the three dimensional brain. The third and fourth layers receive input from the thalamus and connect the cycle from the sixth layer. The second layer has an abundance of stellate neuron cell bodies which send action potentials to the other parts of the brain tissue. The outermost layer receives input from the reticular activating system that excites regions of the brain. These encephalographic brain waves are seen on an ECG machine. 


Although we are somewhat glad that this unit is over, we still are left with many questions regarding our tissue and future experiments that we could do. For example: how would a brain cancer in dog differ histologically from a brain tumor in humans? How does normal brain tissue in humans compare to that of canine/feline neurological tissue? Do they have fewer lobes? A different proportion of glial cells to neurons? How many layers of cells do their brains have? We could go about answering these questions by conducting a comparative analysis between healthy canine brain tissue and cancerous canine brain tissue. These results could then be compared to our findings in this project. 

Reflection: Rachel Burrows

College is going to be a breeze after this project. I feel it, but then again, it’s 3:30 am and Leila is playing U2 “With Or Without You” in a last ditch attempt to keep me conscious. I spent at least three hours every weekend in January working feverishly during open lab, and this is what I know, histology in a nutshell, four hours before it is due: 

1. There have been times when I have despised this project more than I care to admit. I still think there’s still some residual bitterness that I spent my entire MLK weekend in open lab. 

2. I’ve learned not to judge a tissue based on a first impression. Brain = electrical stuff = chemistry = not fun.  I’m really more of a liver lady, but I’m glad I stuck with my tissue because when we finally got to see our stained product through the microscope…I mean…brain cancer is freakin’ cool. Histologically speaking, of course.   

3. Before this experience, I had been passionately opposed to any profession that involved spending hours in a cramped basement peering through a microscope. But seeing those tumor cells for the first time, and more importantly recognizing them as malignant, really threw me for a loop. I can see myself following a career in pathology. As long as there are windows. 

4.   The most important thing about the journey that is histology: The people make it fly. I already knew this about myself, but when I’m around people who are passionate, dedicated, hard-working, motivated and intelligent- these qualities rub off on me. Like Mrs. Welch, Mr.Tougaw and Mr. Bigford whose passion for this class is so contagious it creates a community of microtomming, Dave Matthew’s listening, bagel scarfing, independent teens, who would never admit that coming to Biomed on weekends is somehow liberating. The pathologists, Drs. Thorning and Garcia, who gave up time out of their very busy schedules (and let us come over to their house) so that we could better understand the beauty of our tissues. And to my partner Leila, who let me sleep on the floor until she absolutely needed my help, who was sympathetic when I cooked our slides on the hotplate, who pulled so much more than her own weight, and who shares an equal love of Thai food, chocolate chips and taking breaks for Grey’s Anatomy when we really couldn’t afford it. You pulled me through histology. Love you E-Gee!
Reflection: Leila Glass


As a freshman, I was intrigued by upperclassmen immersed in the BioMed Histology project that seemed to have sold their souls to room 104.  Now, a senior and actually completing the process of the extensive and intense project, my view has not changed dramatically. In BioMed mode I have been able to drown out the sounds of beepers going off during the staining process, my hands constantly smell strange, a slide box occupies a seat in the car, food becomes second priority and the phrase “I’m sorry, I can’t, I have BioMed” is second nature. The people who stay in the lab until nine at night have become my closest friends who share a bond because of this right of passage. Microtoming has become a cathartic stress reliever; I often feel of elated while looking at our slides under the microscope left, knowing exactly what we were looking at.

Rachel and I studied the difference between a glioblastoma (brain tumor) and normal brain tissue. It was unbelievable to see how detrimental cancer can be to our brain and witness the destruction of cells first hand that led to the death of an 86 year old man. Learning how the man’s tumor in the temporal lobe caused changes in his behavior gave me a greater understanding of how the brain affects function. This has further encouraged me to passionately pursue my curiosity for science in the future. 

For the past three years, Rachel and I had been planning to be BioMed partners and we created a BioMed utopia consisting of pitching tents in the lab and roasting marshmallows over Bunsen burners. Our imagined experience was not far off as we have many memories of late night chocolate snitching, discussing brain tissue over Thai food and sleeping on the office floor. I would like to thank her for adding levity and a dedicated and determined worker to the project. 

I also would like to thank Mrs. Welch for giving so much support to me as a teacher and as a mentor. There is something special about being able to drop cedarwood oil off at her house at 2:00 am or to discuss computer or student malfunctions in her office. Always so giving with her time, it seemed that the lab never closed and we continually had access to unbelievable equipment. I also would like to thank Mr. Tougaw and Mr. Bigford who contributed innumerous hours to helping us maximize our slide making capabilities. Dr. Thorning and Dr. Garcia also must be commended for their time and patience both at the VA Hospital and at their house. BioMed Histology is more than an intense class project, it is a compulsion, a test of character and stamina.
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