7200 Biomedical Technology

Content Outline

A. HEALTH CARE TERMINOLOGY

BTO1
Describe Biomedical prefixes, suffixes, root words, and abbreviations.
BT01.01
Identify biomedical word roots, prefixes, suffixes and abbreviations.


A.
Root words


1.
aden


2.
anti


3.
arter


4.
arthro


5.
bio


6.
bronch


7.
carcin


8.
cardio


9.
cephal


10.
cerebr


11.
chem

12. chole

13. cost


14.
cysto


15.
cyt


16.
derma


17.
enter


18.
erythro


19.
gastr


20.
gingiv


21.
gloss


22.
hepato


23.
hydro

24. hyster

25. lingua


26.
mamm, mast


27.
myo


28.
nephro, ren


29.
neuro


30.
ocul, ophthalm


31.
odont


32.
oophor



33.
osteo


34.
oto


35.
pneumo


36.
psych


37.
rhin


38.
splen


39.
thorac


40.
trach

B.
Prefixes


1.
a-, an-


2.
anti-


3.
auto-


4.
bi-


5.
brady-


6.
contra-


7.
dys-


8.
ecto-


9.
end-


10.
epi-


11.
ex-


12.
hemi-


13.
hyper-


14.
hypo-


15.
inter-


16.
intra-


17.
leuk-


18.
micro-


19.
neo-


20.
peri-


21.
poly-


22.
post-


23.
pre-


24.
pro-


25.
semi-


26.
sub-


27.
tachy-

C.
Suffixes


1.
-algia


2.
-centesis


3.
-ectomy


4.
-emia


5.
-genic


6.
-gram, -graphy


7.
-ic


8.
-itis 


9.
-lysis


10.
-malacia


11.
-megaly


12.
-ologist


13.
-ology


14.
-oma


15.
-orrhea


16.
-osis


17.
-ostomy


18.
-otomy


19.
-pathy


20.
-penia


21.
-phobia


22.
-plasty


23.
-plegia


24.
-ptosis


25.
-sclerosis


26.
-scope


27.
-spasm


28.
-stasis


29.
-uria


D.
Abbreviations


1.
stat


2.
VS


3.
Rx


4.
PRN


5.
Hs/hs


6.
NPO


7.
po


8.
bid


9.
q2h


10.
amb


11.
mg


12.
mL


13.
L


14.
cc


15.
tbs


16.
qs


17.
EKG

18. DC

19. EEG

20. DNR

BT01.02.
Combine word elements that form words commonly used in biomedical 
technology. (see vocabulary list)
B.
BIOMEDICAL ETHICS AND LEGAL PRINCIPLES

BTO2
Analyze biomedical ethics and legal principles.

BT02.01
Summarize  legal principles of biomedical technology.
A. Professional Codes of Conduct

1.   General legal terminology

      a.   Civil law

b. Criminal law

c. Felony

d. Litigation

e. Licensure

f. Misdemeanors

g. Tort

h. Contract

i. Liable

j. Negligent

k. Malpractice

l. Slander

m. Libel

n. Breach of contract

o. Duty of care

p. Reasonable care

2. Malpractice/Liabilitly

a.   Assault

b. Battery

c. Conduct

d. Consent

e. Felony

f. Illegal restraint

B. Confidentiality

1.   Invasion of Privacy

2. Privileged communications

C. Legal directives

1.   Advanced directives

2. Living will

3. Durable power of attorney

                         BT02.02
Analyze the ethical principles of biomedical technology.
A. Code of Ethics

1.  Guidelines for professionals

2. Standards apply to relationships

B. Morals

C. Healthcare and the Internet

D. Euthanasia

BT02.03
Examine patient’s rights.

A. Patient’s Bill of Rights (American Hospital Association)

B. Rights of citizenship

C. Right to voice grievances

D. Protection of personal possessions

C.
TECHNOLOGY IN MEDICINE

BT03.
Analyze the use of technology in medicine.




BT03.01
Describe the use of computers in health care.
A. Medical Informatics

B. Administrative applications

C. Clinical and special purpose systems

D. Other applications

1.   Computer-assisted surgery

2. Prosthetics

3. Pharmacy



BT03.02
Discuss radiology and digital imaging.
A.
X-rays

1. Traditional vs. digital x-ray

2. Mammography

B. Ultrasound

C. Digital imaging

1. Computerized tomography

2. Magnetic resonance Imaging

3. Positron emission tomography

D. Bloodless surgery

1. Interventional radiology

2. Stereotactic radiosurgery

3. Focused ultrasound surgery



BT03.03
Investigate telemedicine applications.
A. Teleradiology

B. Interactive videoconferencing

C. Telepathology

D. Telepsychiatry

E. Remote monitoring devices

1. Telespirometry

2. Arrhythmia monitoring

F. Effectiveness of telemedicine

1. Distance and transmission rates create questions

2. Advantages of use in prisons

3. Research studies generally favorable – cost-saving and effective

4. Examples of federal government use of telemedicine

a.
Health care to the elderly (homebound)

b.
Connect rural physicians with urban specialists

c.
Allow families of high-risk newborns to watch babies’ hospital care from home

d.
Data transmitted from ambulance to ER

e.
Patients with chronic illnesses will receive medication reminders at home

G. Issues in telemedicine

1. Technical issues

a.
Appropriate telecommunications infrastructure must be in place

b.
Not available in some rural and urban areas

c.
Requires high bandwidth (cable modem)

2. Insurance issues

a.
Minimal insurance coverage for telemedicine

b.
Changes are starting to happen

3. Legal issues

a.
State licensing laws

b.
Liability questions

4. Privacy issues – electronic records are more accessible and subject to abuse

D.
MEDICAL MATHEMATICS

BT04.
Analyze mathematical concepts in health care.




BT04.01
Calculate metric weights, heights, temperature and volume.
A. Length

1. Millimeter (mm)

2. Centimeter (cm)

3. Meter (m)

B. Weight

1. Microgram (mcg)

2. Milligram (mg)

3. Gram (g)

4. Kilogram (kg)

C. Temperature – Centigrade (Co)

D. Volume

1. Cubic centimeter (cc)

2. Cubic milliliter (mL)

3. Deciliter (dL)

4. Liter (L)



BT04.02
Convert among metric measures and standard measures.
A. Liters to quarts, ounces and pints

B. Milliliters to pints, cups, ounces, tablespoons and teaspoons

C. Meters to yards, feet and inches

D. Centimeters to feet and inches

E. Kilograms to pounds/ounces

F. Centigrade to Fahrenheit

E.
FORENSIC MEDICINE

BT05.
Analyze the use of forensic medicine in criminal science.


                         BT05.01        Discuss the applications of forensic medicine.

A. What is forensic science?

1.   Latin word-forensics

2.   Means public discussion or debate

3.   Science used in justice system for legal purposes

4.   Facts based on scientific investigation

5.   Goal is to determine facts and truth

6.   Uses multiple science specialties

B. Techniques-examples

1.   Autopsy – earliest technique

2.   DNA typing – most recent

3.   Forensic anthropology

4.   Odontology



5.   Testing blood



BT05.02
Describe autopsy use in determining cause and time of death.

A. Definition and purpose

B. Legal requirements

1. Coroner

2. Medical examiner

3. Pathologist


C.
Reasons for autopsy



1.
Determine which disease/injury caused death



2.
Diagnosis confirmation and understanding



3.
Evaluate possible public health issue


D.
Preparation

1.
If not required by law, permission needed from next of kin

2.
Legal consent form


E.
Procedure



1.
Complete medical history and review of records



2.
External physical exam




a.
Body tag




b.
Weight and height




c.
Clothing and valuables identified




d.
Scars, tattoos, injuries, wounds, bruises recorded




e.
Foreign objects noted



3.
Photos and x-rays taken if needed



4.
Complete internal exam




a.
Dissection of head and abdomen




b.
Organs removed, weighed, measured and examined




c.
Tissue samples examined under microscope




d.
Fluid samples tested for drugs, infection



5.
After autopsy complete, legal death certificate


F.
Results



1.
Natural death – disease or old age



2.
Unnatural death – unnatural, unexpected or unusual cases




G.
Methods to determine time of death


1.   Traditional indicators


a.   Rigor mortis


b.
Begins three hours after death in face and eyelid muscles


c.
Takes twelve hours to affect entire body


d.
Process reverses after 36 hours

2.
Lividity (hypostasis)


a.
Visible 30-60 minutes after death


b.
Red cells settle and skin below turns red


c.
In 6-10 hours, color becomes permanent

3.
Body temperature


a.
Falls at rate of one degree per hour


b.
Obesity and warm environment slows cooling



4.
None of the above are totally reliable and can be manipulated



BT05.03
Discuss DNA typing and forensic anthropology in the identification process.
A. DNA typing

1.
What is DNA?


a.
Nucleus of cells contain RNA/DNA


b.
DNA = deoxyribonucleic acid


c.
Nucleus has 23 pairs of chromosomes made up of DNA


d.
Within each pair, one chromosome from sperm and one 
from   



egg

2.
What makes DNA individual?


a.
Four chemicals – adenine, guanine, cytosine and thymine


b.
Chemical strung together = DNA code


c.
Some sections of DNA vary from individual to individual


d.
Scientists can link a strand of DNA to a given individual

3.
Criminal investigations


a.
Specimens – blood, hair, bloodstained clothing


b.
Provides powerfully compelling evidence

B. Forensic anthropology

1.
Skeletal anatomy


a.
206 bones


b.
Man = 12 pounds, woman = 10 pounds

2.
What bones show


a.
How the person lived


b.
Debilitating illnesses (rickets, polio, healed fractures)


c.
Right handed or left handed


d.
Clues to occupation

3.
Questions about skeletal remains


a.
Age of person at time of death


b.
Sex of person (skull and pelvis)


c.
Race

c. Height



BT05.04
Discuss odontology and serology studies in forensic medicine.
A. Odontology

1.
Characteristics of teeth after death


a.
No other body part lasts longer


b.
In fires, teeth usually only means to ID remains


c.
No two people have identical teeth

2.
Requirements for identification


a.
Need dental records


b.
Dentists chart 5 surfaces of each tooth in a grid 
(odontogram)


c.
Can also provide “bite mark” evidence

3.
Teeth useful in determining subject’s age


B.
Serology


1.
Blood type



a.
Four types (A, B, O and AB)



b.
Rh factor



c.
Female cells have Barr Body


2.
Criminology



a.
Kastle-Meyer test to determine if it is indeed blood



b.
Precipitin test – determines animal or human blood



c.
Can determine type and gender from blood

d. Provides reliable and informative evidence

F.
INFECTIOUS DISEASES


BT06
Analyze issues of public health, infectious diseases, and bioterroism.



BT06.01
Discuss the infectious disease process. 

A. Nature of infectious diseases

1.   Pathogens-microorganisms that are capable of causing disease

2.   Infection-results when a pathogen invades and begins growing within 

      the host

3.   Disease-results only if and when tissue function is impaired (i.e. burns, skin lesions)

4.   The body has defense mechanisms to prevent infection

5.   In order to cause disease, pathogens must be able to enter, adhere, 

      invade, colonize, and inflict damage

6.   Entrance to the host-mouth, eyes, genital openings, wounds

7. Growth of pathogens or the production of toxins/enzymes cause 

Disease




8.
Some normal flora prevent diseases

B. Microbes that cause infectious diseases

1.   Bacteria-Salmonella typhi, Staphylococcus aureus

      a.   Morphology-bacillus, coccus, spirillum

      b.   Aerobes vs anaerobes

      c.   Gram-negative (salmonella) vs gram-positive (staphylococcus)





2.   Viruses-apart from the host cell, have no metabolism and cannot  





      reproduce 





      a.   Retroviruses-HIV and certain types of cancer





      b.   Herpes viruses-chicken pox, cold sores, smallpox



      

c.   Rhinoviruses-common colds  - mutation (rapid) leads to no vaccine available

d. Myxoviruses & paramysoviruses-influenza, measles, mumps

e. Rotaviruses-gastroenteritis





3.   Fungi-form spores





      a.   Examples include ringworm and histoplasmosis





      b.   Yeasts of Candida genus are opportunistic





      c.  Antibiotics reduces normal flora, allowing yeast to grow





4.   Protozoa-acquired through contaminated food or water, or bite of 





      an arthropod (mosquito)





      a.   Diarrheal disease in the US-Giardia lamblia & Cryptosporidium 






parvum





      b.   Malaria-Plasmodium (in tropical environment)





5.   Helminths-simple, invertebrate animals, some infectious parasites – symptoms: abd. pain and diarrhea





      a.   Swimmer’s itch in US-flatworm, Schistosoma





      b.   Trichinella spiralis-roundworm which is ingested in undercooked





            pork from infected pigs (Cause of death = respiratory paralysis)





6.   Prions-Creutzfeldt-Jakob disease

C. Occurrence of infectious diseases

1.   Epidemiology –study of the occurrence of disease in populations

2.   Disease reservoirs-where the infectious agent survives (humans, 

      rodents) Example = yersinia pestis

3.  Modes of transmission

     a.   Direct contact-occurs when a person is infected by contact with 

           reservoir, inhaling infectious droplets-examples are AIDS, rabies,

           malaria, influenza, ringworm, trichninosis

     b.   Indirect contact-the pathogen is transmitted from contaminated

 



 substances such as food, soil, water (Hepatitis A) clothing, 




 equipment (Example = tetanus)

     c.   Horizontal vs vertical transmission

D. Host defenses against infectious diseases

1.   Nonspecific mechanisms are the body’s primary defense against

      disease-anatomical barriers, physiological deterrents and presence

      of normal flora (skin, low pH and high salinity)

     a.   Anatomical barriers-nasal opening, skull, vertebral column, skin

     b.   Physiological deterrents-tears, vaginal secretions, saliva, blood, 

           sweat, and some tissue fluids

     c.   Normal flora-successfully compete with pathogens

2.   Specific mechanisms-immunity

     a.   Cell-mediated-uses T-cells

     b.   Antibody-mediated-uses B-cells

3.   Vaccination-produces immunity



BT06.02
Analyze the role of public health in the prevention of infectious diseases.

A. Public health measures toward prevention

      1.   Safe water-US water is purified through settling, filtration, and

     chlorination

            a.   Private wells must follow safe guidelines

            b.   Municipal water is usually tested 


2.   Sewage treatment and disposal is mandated by US government


3.   Food safety-US has many standards, inspection plans and 


      regulations dealing food preparation, handling, and distribution

      a.   Milk is pasteurized and dated/analyzed periodically

      b.   Restaurants, meat-packing plants, and supermarkets are 

            inspected regularly

 


4.   Animal control programs-Domestic herds are inspected, rabid 




      animals are destroyed, rat control programs in place in urban areas


5.   Vaccination programs mandate that children be vaccinated prior to 

      school 

6.
Pesticides to block vector-borne disease – those carried by mosquitos

B. Public health organizations enforce regulation, provide public health

services 

1.   National Institutes of Health (NIH)-supports health-related  research 

2.   Centers for Disease Control (CDC)-investigates disease outbreaks,

       publishes reports, sponsors education/research, reference labs

3.   Food and Drug Administration (FDA)-monitors safety of food,

      medicines and other products

4.   World Health Organization (WHO)-provides international 

      surveillance and control of disease

C. Benefits of public health research

1.   New research techniques-rapid identification

2.   HIV protease inhibitors

3.   Vaccine research

4.   Identification of better preventative measures


      BT06.03
Investigate the treatment of infectious diseases.

A. Drugs used to treatment of bacterial diseases can be grouped into 

categories based on their modes of action




1.   Penicillins/cephalosporins interfere with certain layers of cell wall




2.   Chloramphenicol, tetracyclines, erythromycins-may be toxic when




       used in high doses or prolonged periods of time




3.   Rifampin-used for treatment of TB

B. Drugs that effectively inhibit viral infections are highly toxic to host cells

cells because viruses use the host’s metabolic enzymes in reproduction

1.   Antiviral drugs target virus-specific enzymes

2.   Acyclovir-used in treatment of genital herpes

3.   Amantadine-used to prevent or moderate influenza 

4.   AZT-inhibit replication of HIV genome

C. Development of drugs used to treat fungal, protozoan, and helminthic

diseases are also highly toxic to mammals

1.   Azole derivatives inhibit sterol synthesis

2.   Amphotericin B-disrupts cell membrane

D. Antimicrobial resistance presents ongoing problems in the fight against

infectious diseases

      1.   Penicillin resistance noted as early as 1943

      2.   Mycobacterium tuberculosis-some strains resistant to all drugs

      3.   Resistance to antibiotics-result of changes in genetic information 

     a.   Initially as mutations to existing genes

     b.   Many bacteria acquire these genes

     c.   Resistant genes are transferred to other members of same  

           species


     BT06.04
Analyze emerging and re-emerging infectious diseases.


* Globally, infectious diseases remain the leading cause of death, and they are the 3rd leading cause of death in the US

A. Emerging infectious diseases-

1.   Have not occurred in humans before,

2.   Have occurred previously but affected only small numbers, 

3.   Or have occurred throughout human history, but only recently 

      recognized as disease due to infectious agent 

4.   Examples and contributing factors:

      a.   Ebola, recognized in 1977-unknown reservoir; nosocomial

      b.   Legionnaire, 1977-cooling and plumbing systems

      c.   Lyme, 1982-conditions favoring tick vector and deer

d. AIDS, 1983-migration to cities, global travel, transfusions,

organ transplants, IV drug use, multiple sex partners

e. cholera, 1992-evolution of new strain of bacteria

f. SARS – recognized 2003 as emerging disease

B. Re-emerging infectious diseases

1.   Once were major health problems globally or in a particular country,

      then declined dramatically, but are again becoming health problems 

      for a significant proportion of the population.

2.   Examples and contributing factors:

      a.   Tuberculosis-evolution of causative bacteria; drug resistance, 

            and immunocompromised population

      b.   Malaria-drug resistance and favorable conditions for mosquito

      c.   Pertussis-refusal to vaccinate based fear; decreased vaccine 

            efficacy 

d. Rubeola-failure to vaccinate or receive second dose

e. Yellow fever-insecticide resistance, urbanization, civil strife


BT06.05
Examine the containment of bioterrorism agents.
A. Agents

1. Bacterial – Anthrax and plague

2. Viral - Smallbox

3. Toxins – Botulism and Ricin

B. Containment of bioterrorism agents

1. Isolation practices

a. Standard precautions

b. Additional precautions for smallpox and plague

2. Patient placement

a. Routine if small scale

b. Grouping affected patients if large scale

3. Patient transport – limited to movement that is essential

4. Cleaning, disinfection and sterilization of equipment and environment – follow standard precautions

5. Discharge management

a. Discharge when noninfectious

b. Home-care if large numbers of persons exposed with instruction on barrier precautions, handwashing, waste management, cleaning and disinfection of environment and patient care items

6. Post-mortem care

a. Notify pathology

b. Provide instructions to funeral director



7. Demonstrate handwashing technique

G.
ORGAN TRANSPLANTS

BT07.
Examine organ transplantation.




BT07.01
Describe basic facts and organizations that support organ transplantation. 

A. No age limits.  Under 18 requires parent or guardian consent.

B. To donate, indicate on driver’s license and carry donor card.

C. Assure family members know desire to be a donor.

D. Organs: heart, kidneys, pancreas, lungs, liver and intestines

E. Tissues: cornea, skin, bone marrow, heart valves and connective tissue.

F. Donation does not disfigure body or interfere with funeral.

G. All costs paid by recipient (insurance), Medicare or Medicaid.

H. Selling organs is illegal.

I. National donor network – patients on list matched by criteria.

1. Blood and tissue typing

2. Medical urgency

3. Time on the waiting list





4.   Geographical location

J. Organ procurement organizations - Coordinate activities related to organ procurement

a. Evaluate potential donors

b. Discuss donation with family members

c. Arrange for surgical removal of donated organs


                        BT07.02
Anayze bioethical issues associated with organ transplants.
A. Ethics of presumed consent

B. Organ donations from prisoner/convicted criminals

C. Financial incentives for organ donation

D. Assessment for transplant candidacy

E. Preferred status for organ donors

H.
CELL BIOLOGY AND CANCER

BT08.
Analyze cell biology and cancer.




BT08.01
Summarize cancer types, incidence, predisposition and risk factors.

F. Cancer facts

1.
Group of 100 diseases that develop across time

2.
Characterized by uncontrolled cell division

3.
Can develop in virtually any of the body’s tissues

4.
Hereditary and environmental factors contribute to cancer development

5.
Second leading cause of death in U.S.

6.
Men have 1 in 2 lifetime risk, women 1 in 3

G. Types of tumors

1.
Benign

2.
Malignant

3.
Metastatic

4.
Type depends on cause and location

5.
Each type has its own growth rate, prognosis and treatability

H. Incidence increases with age

I. Inherited predisposition

1.
Can inherit a cancer-susceptible mutation

2.
Occurs in all the body’s cells

J. Risk factors

1. Exposure to carcinogens

2. Cigarette smoking

3. Exposure to the sun

4. Females - family history of breast cancer 

5. Fair skin

6. Chemicals, radiation, viruses

K. Chance of surviving cancer increases with early detection and treatment

1. Incidence rate

2. Mortality rate

3. Survival rate



BT08.02
Outline causes and development of cancer.

A. Many different agents can cause cancer

B. Cancer represents a breakdown of the processes that regulate the growth of normal cells and tissues

1. Cancer involves the uncontrolled division of body cells

2. Cell division is normally precisely regulated

3. Cell cycle regulation is accomplished by two major types of genes

4. Cancer-causing agents often damage genes

5. When damage occurs to genes that regulate the cell cycle, signals that inhibit cell division can change leading the cell to divide more often than it normally would

C. Cancer develops from genetic damage to cells across time

D. Cancer research leads to understanding normal cell cycle and new strategies for treating cancer

E. Stages of tumor development

1. Mutation

2. Hyperplasia

3. Dysplasia

4. In situ cancer (tumor)

5. Invasive cancer (malignant)


BT08.03
Discuss genetic damage and mutation.

A. Cancer results from the accumulation of genetic damage to cells across time

B. Cancer cells differ from normal cells

1. Shape changes

2. Changes in their dependence on growth factors

3. Multitude of biochemical differences

C. Cancer is a multi-step process which explains:

1. Increased incidence of cancer with age

2. Development of cancer decades after exposure to carcinogens

3. Increased incidence of cancer among people with inherited dispositions


BT08.04
 Improve personal and public health.

A. Good choices can reduce an individual’s risk of developing cancer 

1. Levels of cancer prevention

a.
Individual behavior changes

b. Healthcare providers – counseling and screening

c. National level – government regulations to minimize public exposure to know carcinogens

d. International level – actions of developed countries bring cancer worldwide

2.
Attention to ethical and public policy issues

B. Risk factors for skin cancer

1. Excessive exposure to UV (ultraviolet) radiation

2. Fair complexion

3. Occupational exposure to substances

a.
Coal tar

b. Creosate

c. Arsenic compounds

d. Radium

C. Good choices can improve an individual’s chance of survival if he/she develops cancer

1. Improved detection

2. Improved treatment

D. Ethical values sometimes conflict in public policy debates about strategies for reducing the risk of cancer

1. Ethics is a process of rational inquiry

2. Ethics requires a solid foundation of information and careful interpretation of that information

3. There are often competing, well-reasoned answers to what is right and wrong or good and bad

I.
CAREERS IN BIOMEDICAL TECHNOLOGY

BT09.
Discuss careers and techniques that use biomedical technology.




BT09.01
Investigate laboratory careers and science.

A. Clinical laboratory science

1. Careers

a.
Pathologist

b. Medical Technologist (Clinical Laboratory Scientist)

c. Phlebotomist

2. Associated terminology

a. Microorganisms

b. Hematology

c. Pathogens

d. Histology

B. Life Science

1.   General information

a. Life scientists or researchers study living organisms and life processes

b. Many opportunities in research and development in health care

c. Masters or doctoral level

2.   Specific careers

a.
Microbiologist

b.
Virologist

c.
Biochemist



BT09.02
Discuss imaging careers and technology.

A. Medical imaging

1.
Radiography

2.
Radiologic technologists (Radiographers)


a.
Responsibilities


b.
Radiation exposure

(1)
Film badge

(2)
Government regulates exposure

3.
Radiologist

4.
Nuclear medicine technologist (NMT)

5.
Ultrasound technologist (Medical sonographer)


B.
Related imaging personnel

1.
Physicist

2.
Medical dosimetrist

3.
Electrocardiograph technician (EKG)

4.
Echocardiography

5.
Electroencephalograph technician (EEG)



BT09.03
Describe environmental careers, resources and hazards.

A. Nutrition services/Dietician


B.
Environmental control

1.
Environmental engineer

2.
Health and regulatory inspectors

3.
Sanitarian


C.
Other support service personnel

1.
Biomedical equipment technician

2.
Central service technician


D.
Environmental resources and hazards

1.
Environmental control


a.
Biosphere


b.
Ecosystems (ecology)


c.
Environmental Protection Agency (EPA)


d.
Diseases and health conditions linked to environment

(1)
Emphysema

(2)
Lead poisoning

(3)
Carbon monoxide poisoning

(4) Lung cancer



BT09.04
Outline biotechnology careers and genetics.

A. Biotechnologist

1.
Development of cloning and recombinant DNA techniques of gene manipulation

2.
Safety guidelines established by the National Institutes of Health

a.
Laminar flow hoods to vent and filter air

b.
Strict sterilization

c.
Careful planning to ensure all microorganisms are harmless

3.
Biotechnology rapidly making complex advances 

4.
Over 1000 biotech companies in US, most working in diagnostics and therapeutics

5.
Ethical concerns related to eugenics

6.
Fields of study:


a.
Medical biotechnologist


b.
Research biotechnologist


c.
Forensics


d.
Geneticist


B.
Support personnel

1.
Biomedical engineer

2.
Biomedical equipment technician

BT09.04
Evaluate the importance of biomedical technology in a chosen health career. (Career Development Plan)

J.
BIOMEDICAL RESEARCH

BT10.
Analyze biomedical research.




BT10.01
Discuss biomedical research.

A. Definition – study of the processes of life; the prevention and treatment of disease; and the genetic, lifestyle and environmental factors related to disease and health.

B. Basic research 

1.
Research conducted to increase fundamental knowledge and understanding of physical, chemical and functional mechanisms of life processes and disease

2.
Provides building blocks for other types of research

3.
Basic research example: Heart Throbs activity

C. Applied research 

1. Directed toward specific objectives – for example, development of new drug, treatment, or surgical procedure

2. Conducted with animals (primarily) and non-animal methods (computer models or tissue cultures)

D. Clinical research

1. Used when other forms of research have taken place, mostly clinical trials involving human subjects

2. Used to test potential drugs and treatments in humans

3. Builds on what is done in basic and applied stages

4. Broad variety of activities and areas of study

a. Human clinical trials

b. Psychosocial and behavioral research

c. Disease control research



BT10.02
Outline biomedical research methods.

A. Chemical, mechanical, mathematical, and computer simulations

1.
Strengths of models

a.
Computers increase speed and efficiency with which data is used and processed

b.
Pattern recognition programs enable scientists to compare characteristics of one compound to another


c.
Can extrapolate data:

(1)
From high-dose experimental exposure to low-dose

(2)
From animals to humans


d.
Reduce the number of animals needed for research

2.
Limitations of models


a.
Cannot replace laboratory testing

b.
Computers do not generate data – they only process existing data


c.
Computer equipment and software is expensive

B. In vitro tests-“in glass”; takes place in artificial environment (laboratory)

1. Strengths of in vitro studies

a. Allow scientists to study a single effect in isolation

b. Less expensive, less time, more accurate and easier to control than in vivo (whole animal) systems

c. More precise results a result of ability to control temperature, acidity, oxygen levels and environmental conditions

d. Critical to the study of viruses which grow only in living cells

2. Limitations of in vitro studies

a. The time (biochemical process) from chemical exposure to toxic effect too complex to be duplicated in vitro (Cancer as  a multi-step process example)

b. Cells grown in culture are not exposed to other functions taking place in a living organism

c. Cells do not metabolize toxins in a culture the same way in the whole body

d. Difficult to maintain differentiated cells in a culture

e. Cultures cannot tell us how a substance affects a complex system

C. Non-human animal models

1. Animals provide the best known surrogate for humans in the lab

2. Similarities between animals and humans outweigh differences

3. Strengths of animal models

a.
Ethical alternative to using humans

b.
Animals provide a whole, integrated complex biological system

c.
Animals share the same structures (cells, tissues, organs and systems) as humans and function in much the same way

d.
Scientists can design experiments where they can control for more variables that with humans

4. Limitations of animal models

a.
Animals are NOT humans so results must be extrapolated

b.
Research animals expensive to purchase, house, feed and provide with veterinary care

c.
Use of animals governed by federal regulations

D. Human studies

1. Most often used in developing prescription drugs

a. Is the drug biologically active in humans?

b. Is the drug safe in humans?


2. Three major phases of clinical trials

a. Phase I

(1) Determine drug’s interaction with the human system

(2) Involves a small number of healthy volunteers

(3) Takes one year

b. Phase II

(1) Controlled tests that help determine a drug’s effectiveness

(2) 100-300 volunteer patients

(3) Simultaneous animal and human tests to assess safety

(4) Takes two years

c. Phase III


(1) To confirm results of earlier tests and identify any adverse reactions

(2) Clinical testing extensive – 1,000 – 3,000 volunteer patients

(3) Takes three years

3. After clinical trials

a.
Firm files New Drug Application (NDA) with FDA

b.
Takes 2 ½ years to complete

c.
In all – 12 years from initiation of studies to FDA approval

d.
Each new medicine approved costs millions of dollars

4. Strengths of clinical trials – actual human data

5. Limitations of clinical trials

a.
Ethical and moral considerations of using human volunteers as test subjects

b.
Numerous variables, which may affect test data, are introduced when humans are used

E. Epidemiological studies

1. Experimental epidemiology

a. Providing or withholding a substance to determine its effects

b. Limited by ethical and legal considerations

2. Descriptive epidemiology

a.
Analyzes data on the distribution and extent of health problems

b.
Tries to find correlations among characteristics (diet, air quality, occupation)

c.
Such comparisons often made between countries and small geographic regions



3. Observational epidemiology

a.
Data derived from individuals or small groups

b.
Data evaluated statistically to determine the strength of association between a particular variable and disease

4.
Information gathering occurs after the fact

5.
They do not demonstrate a direct cause and effect, but instead show a statistically significant association between exposure and disease

6.
Strengths of epidemiological studies

a.
Direct opportunity to study the effects in humans exposed to chemicals and disease-causing organisms

b.
Useful in identifying patterns in disease or injury distribution


7.
Limitations of epidemiological studies


a.
Human exposure can take place before a toxic effect is detectable

b.
Difficult to demonstrate a direct cause-and-effect relationship

c.
Limited methodologies to measure individual’s prior exposure, route of exposure, or extent of exposure

d.
Difficulty identifying control group (unexposed populations)

e.
Privacy issues

f.
Expensive to conduct



BT10.03
Analyze benefits of biomedical research.

A. Contributions to human health

1.
Treatment for heart disease – heart-lung machine

2.
Treatment for cancer


a.
New drugs to prevent spread


b.
Gene therapy

3.
Treatment for diabetes

a.
Genetic engineering creates insulin manufactured by bacteria

b.
Development of oral medications

c.
New sugar monitoring equipment – requires less blood

d.
Insulin pumps

e.
Transplantation of pig pancreas cells

4.
Bone marrow transplants


a.
Treatment for leukemia


b.
Use of stem cells/umbilical cord blood

5.
Human vaccines developed through biomedical research


a.
Edward Jenner – smallpox


b.
Louis Pasteur – cholera, anthrax and rabies


c.
Diptheria

6.
Polio vaccine

a.
Jonas Salk – in 1949, identified three strains of virus that cause polio and made vaccine from killed polio virus


b.
Albert Sabin – in 1954, worked on his own vaccine

(1)
Administered orally

(2)
Made from live virus that was attenuated (weak) but not killed

(3)
Stimulated an immune response (but not enough to get sick with the disease)

(4)
Administered on a sugar cube



c.
Polio success story

(1)
Also known as infantile paralysis

(2)
Virus attacks spinal cord, destroying muscle nerve cells

(3)
Patients whose lungs affected often spent years in iron lungs

(4)
1952 – peak year, 58,000 cases, half were paralyzed

(5)
1961 – Sabin vaccine 

(6)
Worldwide still a problem

(7)
Still have people in U.S. suffering effects of polio from 40 years ago

7.
Chicken pox (Varicella)


a.
Vaccine available in 1995

b.
Recommended for children 12 months and older who have not had the disease

8.
Hepatitis

a.
Hepatitis A and B, serious liver diseases, caused by related viruses

b.
Hepatitis B (1989) now given to babies

c.
Hepatitis A (1995) given to people traveling to developing countries and those at risk (people who work with blood products

d.
Combined Hepatitis A/B vaccine approved in 2001

9.
Chemical and Pharmaceutical Treatments


a.
Fluoride – many countries add to water to decrease tooth decay


b.
Penicillin and other antibiotics

c.
Louis Pasteur developed vaccines against cholera, anthrax and rabies; and uncovered the underlying principles of antibiotics

d.
Alexander Fleming discovered penicillin


e.
Cyclosporin and other anti-rejection drugs


f.
Monoclonal antibiodies

10.
Surgical Procedures and Treatments


a.
Pacemakers and other artificial devices


b.
Angioplasty


c.
Organ transplantation


B.
AIDS research continues (acquired immunodeficiency syndrome)

1.
Began in early 1980s

2.
Caused by a virus

3.
HIV infection progresses to AIDS when immune system is impaired and individual becomes susceptible to opportunistic infection

4.
Animals important part of AIDS research

5.
Anti-HIV drugs available, however:

a.
Infected person must take lots of pills at different times of the day

b.
Medications expensive, not always covered by health insurance

c.
There are side effects

6.
Number of possible vaccines have been developed and are being tested in humans

7.
Common sense preventive measures best way to prevent AIDS


C.
Multiple benefits to animal health

K.
CHALLENGES TO BIOMEDICAL RESEARCH

BT12.
Analyze challenges to biomedical research.



BT11.01
Interpret personal beliefs about biomedical research.

A. Beliefs about biomedical research

B. Differences between fact and opinion

C. Fact vs. myth in research

D. Role of animals in society

               
BT11.02     Analyze the role of transgenic animals.
A. Early beginnings

1. Biotechnology – collection of scientific techniques that use living cells and molecules to make products and solve problems

Transgenic organisms = Organisms that contain another species’ genes within their chromosomes

2. Historically – used in selective breeding of livestock, controlled plant pollination, and microorganisms to bake bread, brew beer and make cheese

3. This is accomplished by transferring specific genes from one species to another 

4. First transgenic organisms were bacteria

a. Reproduce quickly and grow easily in the lab

b. Pharmaceutical companies use transgenic bacteria to produce insulin, human growth hormone, and interferons

5.
Scientists around the world use customized transgenic animals for their own research

6.
Species include sheep, goats, cows, chickens, pigs, mice, rabbits, rats, chickens and fish

B. Benefits of transgenic animals

1. Animal models

a. Mice most often used transgenic research animal

b. Use transgenic mice to study cancer, multiple sclerosis, muscular dystrophy, Alzheimer’s disease and immune deficiencies.

2. Pharmaceutical production

a. “Pharming” is the use of transgenic animals to produce insulin and other substances used in medicine

b. Introducing the gene into a large farm animal produces more product and is more economical than using bacteria in the lab

3. Organ donors

a. Xenografts – organs from other species used in human transplant

b. Limited success because of rejection

c. Transgenic researchers producing pigs whose organs look more human to our immune system – in an effort to find alternatives to human organ transplants

4. Livestock improvement

a.
Transgenic research being used to improve livestock but the process is expensive

b.
Consumers resist eating genetically engineered produce

C. Production of transgenic animals

1. The transgene (which contains the DNA the scientist wants to transfer) is introduced into a single-cell embryo

2. The embryo is transferred to a surrogate mother of the same strain

3. Success rate is low (10%-30%) in mice

4. Success rate decreases in mammals

D. Care of transgenic animals

1. Most do not require special care

2. Some develop a susceptibility to disease

E. Government’s role in transgenic research

1. U.S. Patent and Trademark Office issues patents for transgenic animals

2. Only government policy is the NIH Guidelines for Research Involving Recombinant DNA Molecules

F. Ethical considerations

1. People opposed to transgenic animal research believe:

a. They could threaten our environment, health and food supply

b. It will lead to increased animal suffering

c. Scientists are trying to “play God”

d. Scientists will use these techniques on humans

e. Example – Dolly the sheep

2.
People who favor transgenic animal research believe:

a.
Transgenic animals provide a way to study diseases

b.
Vital substances needed by the human body can be produced at a reasonable cost

c.
Sufficient numbers of human organs are not available for transplant

d.
Transgenic techniques may some day be able to treat human diseases such as sickle-cell anemia and cancer

G. Future of transgenic animals

1. Current research limited to transferring a small amount of genes at a time

2. Much work remains to be done to fine-tune techniques

3. Possible effects of foreign DNA remains a concern

4. The use of transgenic models is an established part of biomedical research


BT11.03
Evaluate therapeutic vs. reproductive cloning.
A. History of cloning

1. Dolly the sheep – first cloned mammal in 1997

2. Very few scientists believe human cloning (reproductive cloning) should be permitted

3. Many scientists in favor of therapeutic cloning – the procedure used to produce embryonic stem cells that theoretically can be used to treat diseases

B. What is a clone?

1. Clone = precise genetic copy

2. Reproductive cloning is really somatic cell nuclear transfer (SCNT)

a. The nucleus is removed from an unfertilized egg

b. The nucleus of a cell removed from the animal to be cloned is inserted into the egg

c. The reconstituted embryo is then placed in the uterus of a surrogate mother

3.
In therapeutic cloning, the embryo is not placed in a surrogate, but rather, undergoes cell division in the lab until it reaches blastocyst stage

a.
Blastocyst is two layers – the inner layer can form virtually all the tissues in the body

b.
Inner cell based on tissue cultures where they divide and make exact copies of themselves = embryonic stem cells

C. Obstacles to reproductive cloning using animals

1. Success rate very low

2. Vast majority of problems occur during fetal development

3. Additional problems show up after birth and years later

4. “Large offspring syndrome” = cloned newborns 20-30% larger than usual, making it hard to deliver unborn babies

D. Embryonic and adult stem cells

1. Adult stem cells 

a. Exist in very small numbers in the body

b. Most accessible are blood stem cells that reside in bone marrow

c. Blood stems cells constantly make new red blood cells, white blood cells and platelets throughout life

d. When high-dose cancer chemotherapy destroys adult stem cells, a bone marrow transplant may be done (transfusion of adult stem cells from a sample of bone marrow)

2. Embryonic stem cells

a. A recently fertilized egg is totipotent which means it has the potential to become any kind of cell

b. During the first rounds of cell division, each cell has the potential to form a fetus (this is how we get identical twins)

c. After 4 days, a blastocyst develops – and the embryonic stem cells become pluripotent – which means they have the potential to become many types of cells

d. Parents of newborns can now bank baby’s umbilical blood in case the child needs new stem cells later in life

E. Differences between reproductive cloning, therapeutic cloning, and stem cell research

1. Goal of reproductive cloning is to create a new organism, human or animal

2. Goal of therapeutic cloning is to produce embryonic stem cells

F. Human stem cell research

1. 2001 legislation allowed federal funding of research using 64 existing human embryonic stem cells

2. Same legislation declared no federal funds for:

a. Use of stem cells lines from newly destroyed embryos

b. Creation of any human embryos for research purposes

c. Cloning of human embryos for any purpose

G. Therapeutic potential of stem cells

1. Researchers must use existing human stem cell lines for research or find private funding sources 

2. Creation of embryonic stem cells does not use fertilized egg

3. On the other hand, it does have the potential to become a living thing if transplanted into the uterus

4. Question – is life destroyed if the stem cells are removed from the blastocyst four days later?

5. Real advantage of stem cells – permits the production of perfect-match tissue

6. Scientists have found that embryonic stem cells pick up cues from neighboring cells and differentiate into that cell type

7. Scientists hope stem cells will be used to treat heart disease, Parkinson’s disease, other disorders of the nervous system

                      BT11.04
Debate pros and cons of animal research and animal rights.
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