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Humans and animals have a long history together



Animal Experimentation

Humans have learned to raise animals for clothing, food, transportation, companionship.  
Develop strong interactions and lasting bonds for their mutual benefit.

Close ties cause mixed feelings about the use of animals in biomedical research -- even among scientists.

Ideal World- never have to use animals or people as research subjects --
Now its not an ideal world and there are difficult ethical and moral questions that arise.



How many of you have pets at home?
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Public opinion - majority approve of animals in biomedical research that does not cause pain and leads to 
new treatments
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Some people believe that experiments should be done on humans rather than on animals.
Human experimentation does occur -- clinical trials -- usually only after extensive animal testing  will 
ensure that harmful drugs are not given to humans.

Most people believe it is wrong to use humans for basic research.  
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Sometimes scientists can use computer models and non-animal methods (like tissue cultures) --

Interactions between  molecules, cells, tissues, organs, organisms, and environment can be too complex 
for computer to model.

Many assert  that is is impossible at present to advance biomedical science without using animal subjects 
in some aspects of research.
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Do the benefits out weight the costs?
Do the ends justify the means?
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Disease causes human suffering and death in both people and animals.  Certainly a  major goal of human 
society is to eliminate suffering caused by disease.

Animals have been included as an important component to understand, treat and cure disease for 
centuries
.
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History is littered with examples of lethal diseases that strike and spread rapidly.

Here:  Small pox, Cholera, polio, tuberculosis
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Bubonic Plague -- killed 25-50% of all people in Europe, Middle East, China and N. Africa in 14th century.  
Think about a disease that could kill 50% of the people  attending John Burroughs School within a few 
months.

(Plague is Bacterial)
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Causes of disease have not been well understood through much of human history.  

Epilepsy was once thought be caused by gods or demons

Cancer was known and feared by our ancestors;  remedies tried were both natural and magical

Malnourishment, like rickets, or undernourishment

Eventually doctors and scientists turned to animals to help understand the mysteries of anatomy and 
riddles of disease.  We still have much to learn about disease and potential remedies.
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People are vulnerable to the same or similar diseases as animals.  Thus, by studying animal disease we 
are learning about human diseases simultaneously.

Lived with animals for thousands of years -



Toxoplasmosis is a parasitic disease caused by the protozoan Toxoplasma gondii.[1] The parasite infects 
most genera of warm-blooded animals, including humans, but the primary host is the felid (cat) family. 
Animals are infected by eating infected meat, by ingestion of feces of a cat that has itself recently been 
infected, and by transmission from mother to fetus. Cats are the primary source of infection to human 
hosts, although contact with raw meat, especially lamb, is a more significant source of human infections in 
some countries. Fecal contamination of hands is a significant risk factor.[2]
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Examples:  
Molecular:  Interactions and functions of molecules:  how do proteins and DNA interact.  How do proteins 
inside heart cells cause the heart to contract and pump blood?

Cellular:  How structures inside cells interact and how the cell functions:  how do cells produce an electrical 
charge to cause a heart to beat?

Tissue:  How cells interact:  How do the many electrical cells in the heart synchronize to produce electrical 
charges simultaneously?

Organ:  Tissue interact:  How do four chambers work together to pump blood throughout the body?

System:  Multiple organs:  How do heart, arteries, veins, and capillaries work together to move blood 
around the body?

Organism:  Systems work together:  How does stress causes high blood pressure?
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An animal is chosen as an animal model ONLY if it shares characteristics with people that are relevant to 
the research.
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For example, Louis Pasteur studied rabies in dogs:

Dogs and people both develop rabies
The immune systems of dogs and people react to rabies virus in the same way
It didn’t matter that dogs and people differed in other ways.

Dogs CAN’T develop AIDS or measles; we don’t study HIV in dogs.
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People thought foul odors created disease and evil spirits caused someone to become sick
Only 150 years have passed since Robert Koch made discoveries that lead Pasteur to describe how small organisms 

called germs could invade body and cause disease

Late 1800’’s Koch experimented with anthrax.  With microscope, examined blood of  cows who died of anthrax
Saw rod-shaped bacteria
Injected mice with the blood of the anthrax cows
Mice developed anthrax
He listed four criteria to determine that a disease caused a particular disease:

Great Revolution in medicine:  Development of the Germ Theory
1. Find the same pathogen in each animal with the disease but not in healthy animals
2. Isolate and grow the pathogen in pure culture
3. Injection of the pathogen into healthy animals should cause the disease
4. Find the same pathogen in the animal after disease develops

Koch’s Postulates:  #3:  The disease must be reproduced when a pure culture is inoculated into a healthy, susceptible 
host.  Still used today to show that a specific germ is the cause of a disease using lab animals.
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By infecting animals with microbes, Koch, Pasteur and others were able to identify germs, the 
microorganisms, causing anthrax, rabies, diptheria, plague and tuberculosus.  

Led to development of vaccines for animals and people from weakened  germs.  

Effectiveness of vaccines tested on lab animals – mostly mice and rats

Pasteur - killed the anthrax  bacteria by heating.  Vaccinated a group of sheep with these weakened 
bacteria.  
Sheep made antibodies.  Later Pasteur infected the vaccinated sheep, the experimental group, and non-
vaccinated (control)  sheep with anthrax.  All the vaccinated sheep survived.  

Proved vaccination was generally safe and would prevent disease:  Many farm animals and people saved 
from death.



In 1888 Pierre Roux and Alexandre Yersin showed that the liquid in which the bacterium Corynebacterium 
diphtheriae had been grown caused all the well-known effects of diphtheria, by injecting it into guinea pigs, 
rabbits, dogs, cats and horses.

These effects were shown by Emil von Behring and Shibasaburo Kitasato to be caused by the toxin 
released by the bacteria, which remained in the liquid even after the bacteria had been removed. An 
antiserum to the toxin, known as an antitoxin, was developed, and this protected animals from fatal doses 
of diphtheria toxin.2 The antitoxin was first used to treat a seriously ill girl in 1891, who subsequently 
recovered.

Production of the antitoxin on a large scale was achieved in horses, with both the diphtheria serum and the 
antiserum being standardized using guinea pigs. Widespread use of the antitoxin followed, and studies in 
rabbits showed that it had to be administered soon after infection to be effective. Despite delays in 
administering the antitoxin, several studies carried out during the 1890’s showed that deaths from 
diphtheria were approximately halved.

Despite use of the antitoxin, death rates from diphtheria were still high in the early 1900s and the need for a 
vaccine was clear. In 1913 von Behring had produced long lasting immunity in guinea pigs, monkeys and  
donkeys using a carefully balanced mixture of toxin and antitoxin.  This was used in the first vaccination 
studies on humans. A widespread immunization program followed the development of formalin-inactivated 
toxin in the early 1920s.
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Dr John Enders and his colleagues in the 1940s showed that polio virus could be grown in human tissue, 
and this breakthrough was rightly awarded the Nobel Prize in 1954. 
Even in the 1940s, the virus was too small to be seen with any available technique, so there was only one 
way that Dr Enders could check that he had in fact extracted the virus from mouse brain tissue and grown it 
in culture. This was by injecting the culture fluid into mice and monkeys, where it produced paralysis typical 
of polio.

About 40 years of research using monkeys, rats and mice led directly to the introduction of the Salk and 
Sabin polio vaccines in the 1950s. Professor Albert Sabin's 1956 paper in the Journal of the American 
Medical Association stated:

"approximately 9,000 monkeys, 150 chimpanzees and 133 human volunteers have been used thus far in 
the quantitative studies of various characteristics of different strains of polio virus. [These studies] were 
necessary to solve many problems before an oral polio vaccine could become a reality."
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Vaccines are not always easy to find and make.  Koch also studied Malaria.
Ancient parasitic disease of humankind.  Means “bad Air” which was thought to be the cause
Symptoms:  fever, shivering, joint pain, vomiting, convulsions and coma ending in death

Remains staggering health problem 

300-500 million new infections per year.  1.5 - 2.7 million deaths PER YEAR, most children
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Malaria caused by plasmodium - parasite
Invade the liver, burrows into RBCs
RBC bursts, causing fever as the body tries to destroy the released plasmodium
The ruptured RBCs can become stuck - clog arteries - death
Ross - early 1900’s - India - Proved that malaria was transmitted from bird to bird by mosquitoes.
Next year, Italian scientists proved human malaria was spread by mosquitoes too, paving the way for the 
use of bed nets and insecticides.

Because the malarial parasite changes its form as it moves from host to host, vaccines have proved 
difficult to make
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Dr. Nirbhay Kumar - Johns Hopkins school of public health - uses chickens and rodents as models of 
malaria

He develops new vaccines  in chickens and rodents.  He tests these in mice and non-human primates to 
see whether the vaccines will stimulate the correct type of immune response to prevent people from getting 
malaria.

Shows how studying animals with similar but not identical disease is helpful.
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We have years of experience with reconstituted, humanized immune system (HIS)  mice for drug profiling. 
We generate HIS mice by transplantation and engraftment of immuno-deficient mouse strain (stem cells 
derived from human placenta cord blood). The HIS mice end up with  human immune system.  Now you 
can challenge them with various diseases like malaria.

HIS mouse models are of interest for many therapeutic areas including various infectious diseases (e.g. 
HIV, CMV, EBV, Dengue Virus, Malaria), tumors and cancers, transplantation immunology, inflammatory 
and autoimmune diseases, as well as vaccine responses.
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Singapore – Scientists in Singapore have developed a new type of mice which not only has human 
immune system, but also human red blood cells, and is expected to accelerate malaria research. 

The researchers, comprising scientists from Singapore-MIT Alliance for Research and Technology 
(SMART) said having mice which can react specifically to malaria will speed up the search for vaccines 
and treatments for malaria.  This is the first animal model with human immune system which scientists can 
infect with using human strains of the malaria parasite. 

Malaria is a mosquito-borne parasite which affects over 60 million people worldwide and in serious cases, 
could be fatal. There is currently no viable vaccine for malaria and antimalarial drugs and prophylaxis are 
losing its efficacy as anti-malarial drug resistance is on the rise. 

The ground-breaking findings, published last week in the prestigious academic journal Proceedings of the 
National Academy of Sciences USA (PNAS), showed that researchers have successfully identified a key 
host defense mechanism which revealed for the first time how malaria begins its infection.  This has led to 
key insights into two important molecules which help the human body fight the parasite infection during the 
early stages.
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Baltimore zoo
Penguins were being bitten by the mosquito carrying plasmodium
High mortality of newly  hatched and juvenile penguins in May/June when mosquitoes bite
All the mosquitoes seem to carry bird malaria
Also a problem for wild populations- Africa (south coast islands) -

Naïve population -- never encountered malaria before.  Human development brings malaria.
If a penguin in the zoo survives malaria, he develops antibodies.  Dr. Thaddeus Graczyk from Johns 
Hopkins studies the antibodies created in the penguins’ immune system and this may help develop 
vaccine.  May even lead to vaccine for people.
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Epilepsy- 2.5 million people have epilepsy
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Epilepsy -
Middle ages - thought to be an infectious disease
18th & 19th centuries - placed in insane asylums
1933 -- epileptic inmates in mental health institutions sterilized to prevent passing on their genes to children
No cure today
Medication controls seizures in 70% of patients
Some undergo surgery to remove parts of the brain with abnormal electrical activity
30% uncontrolled - need more  research -
Difficult life to lead with frequent and uncontrolled seizures - disability
Research:
Starts with in vitro study:  rat neurons in culture:  seizure in a dish.  Cells in culture will form some connections like 
those in brain.  
Can start testing new drugs for anticonvulsant properties in  the Petri dish
Then expands to1/2-mm-thick tissue slices of young rat’s brain (tissue model) -- See how electrical activity in one one 
region affects and interacts with another when exposed to the drug being studied.  Can be dozens of slices from one 
animal.  This reduces the number of animals needed for research.  
Then if drug looks promising, can test drug in animals (organism model)  Without injecting drug into the animal, can’t 
evaluate whether it has therapeutic value or would be safe in people.  
Brain is too complex and interconnected.
Now look for side effects - interference with motor coordination or memory.  Can determine the lowest dose needed to prevent 
seizures with the lowest incidence of side effects.  This can only be done on whole animals.
Use primarily rats and mice for their research - 90% of all research with animals is done with rats and mice



Animal Experimentation

See https://en.wikipedia.org/wiki/Knockout_mouse for how you make a knock out mouse
Sometimes called transgenics
Alter embryos genes - use chemicals or adding/removing a gene

Most are mice modified to mimic a human disease

A knock out mouse is one where one or more of the genes have been turned OFF through gene knockout.  It is often 
used for studying  a gene whose sequence is known but whose function is not.  Knock out a gene and see what what 
happens to the characteristic of function of the mouse.

Example One:  POMC knock-out mice.  People with alterations in POMC gene are severely obese as infants and have 
red hair.  POMC mice are severely obese and have yellow hair, similar to human disease.  Studies to understand how 
the body controls hunger and metabolism and test new drugs  to treat obesity.

Example Two:  Green mouse - has  a jellyfish gene called green fluorescent protein inserted in genome.  Every body 
cell will  glow with UV light.   Useful in many cell transplantation experiments because you can follow the cells-

How immune cells are passed from mother to infant in breastfeeding,
How immune cells interact
How fetal immune cells migrate outside the womb and into mother’s organs which may cause 

autoimmune disease
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Change Gears -- Practical techniques -- surgery
Examples of operations that began with animals:
Organ transplantation
Open Heart Surgery
Heart valve replacement
Common procedures today were first developed using animal models
Artificial hearts now being tested in people could not have been developed without animal research
Coronary by-pass surgery requires that blood vessels be sewn together -- developed through surgeries on 
dogs and cats by Alexis Carrel -- Awarded the Nobel Price in 1912
Research on lab animals lead to understanding of organ rejection and how to overcome it
Let’s look at some examples



Animal experiments over the years 1900-1916 gradually enabled transfusion to become the routine 
technique it is today. In 1907 George Crile2 perfected the technique of transfusion from artery to vein using 
dogs, and described its application in 32 patients. 

The next major breakthrough was by Adolph Hustin in 1914 who found that adding sodium citrate to the 
blood prevented it from clotting and, that the citrated blood could be safely transfused into dogs.

In 1915 Richard Lewisohn4 advanced this finding by determining the maximum amount of citrate that 
could be transfused into dogs without toxicity. This revealed the optimum concentration of sodium citrate 
that could be added to blood for the best anticoagulant effect.
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And then we have tissue and organ transplants:

Heart and bone marrow transplants
Heart transplants were first attempted in dogs and the first successful human operation was in 1967 (Christian 
Barnard, SA). Bone marrow transplantation was first tried in mice, curing a blood disorder, a severe inherited anaemia. 
Bone marrow grafts are now a common treatment for leukaemia in humans. 
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Corneal transplants:The first successful transplants were of the cornea, the clear covering of the eye. The 
first human corneal transplant was in 1906. This followed almost a century of experiments using animals, 
mainly rabbits. Rejection is not a problem in 9 out of 10 cases, because the cornea does not normally have 
a blood supply, so the white cells responsible for tissue rejection cannot reach it.

Instrumental in the success of cornea transplants were the establishment of eye banks. These are 
organizations located throughout the world to coordinate the distribution of donated corneas to surgeons, 
as well as providing eyes for research
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Organ transplants:The transplantation of major organs, and many other surgical techniques, depend on the ability to 
join blood vessels. 
An effective method was developed by Alexis Carrel using cats and dogs, and for this he was awarded the Nobel Prize 
in 1912. 
Carrel also experimented with kidney transplants, and succeeded in removing and transplanting a kidney to a different 
site in the same animal. 
He found that a kidney transplanted from a different animal ceased to work after a few days. 
He therefore concluded that although the surgery worked well, other factors in the host caused changes to the kidney 
grafted from another animal. 
He was probably the first person to uncover the phenomenon of rejection.
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Overcoming rejection:
The first kidney transplants leading to long-term survival were performed on dogs in the 1950s, following perfection of 
the surgery by Dr Joseph Murray6. 
He also carried out the first human kidney transplant7, between identical twins, in 1954. 
However, the problem of rejection of grafts from genetically different donors was yet to be overcome. 
Knowledge about the immunological basis of rejection, the development of tolerance, and ultimately the development 
of immunosuppressant drugs came from extensive research on animals from the 1950s onwards. 
The genetic basis of tissue typing, which ensures the best long-term survival of grafts, was also worked out using 
animals, by Peter Gorer and George Snell using inbred strains of mice, in 19657. 
Five Nobel prizes (Alexis Carrel in 1912, Peter Medawar in 1960, George Snell in 1980, George Hitchings in 1988, 
Joseph Murray in 1990) were awarded for different aspects of research, all involving animals, that has assisted the 
success of transplantation.
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Heart and bone marrow transplants
Heart transplants were first attempted in dogs and the first successful human operation was in 1967 (Dr.
Christian Barnard, SA). 

Bone marrow transplantation was first tried in mice, curing a blood disorder, a severe inherited anaemia. 
Bone marrow grafts are now a common treatment for leukaemia. 
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Replacement valve, usually from pigs, washed, denatured and tanned to render it biologically inert.

Developed after many years work in rabbits, Guinea pigs and rats. 
Mechanical valves require blood thinners to prevent accumulation of stuff where pig valves do not. Such 
valves, usually from pigs, have been used successfully in many human patients since the 1970s.

Today over 300,000 patients receive heart valve replacements.  They would die otherwise.

Replacement heart valves
Replacement heart valves obtained from pigs are modified so that the body's defences are not activated. Following 
work in rabbits, guinea pigs and rats1, a biologically inert, functional and durable valve was produced by washing, 
denaturing and tanning processes. Such valves, usually from pigs, have been used successfully in many human 
patients since the 1970s.

Manufactured Mechanical Valve  
These valves are made of strong durable materials. They are the most long-lasting type of replacement valve, and 
most of these manufactured valves will last throughout the remainder of the patients’ lifetime.  

Patients who receive a manufactured valve will nearly always require a blood thinning medication throughout the 
remainder of their lives. The blood thinner will keep clots from forming, which is critical for the person with a 
mechanical valve because clots can lodge in the valve flaps or hinges and cause a malfunction. Clots can also break 
off and form into an embolism (traveling clot), which may move through the bloodstream and lodge into a vessel where 
it may eventually lead to problems like heart attack or stroke. 

Donor Valve Implantation 
A human donor valve is the least common choice and it’s most often used for someone who is suffering from an illness 
that affects the valve, such as infective endocarditis. A donor valve can be expected to last 10-20 years.

Tissue Valve (sometimes called ‘bioprosthetic’ valves)
Tissue valves are created from animal donors’ valves or other animal tissue that's strong and flexible. Tissue valves 



can last 10-20 years, and usually don't require the long-term use of medication. For a young person with 
a tissue valve replacement, the need for additional surgery or another valve replacement later in life is 
highly likely.

For each surgery in which the valve must be replaced, careful considerations should be given to 
durability and medication options and risks. The good news is that a well-performed operation has a high 
rate of long-term success. If at all possible, consider going to a healthcare facility with a strong valvular
surgery specialty and a good track record in valve surgeries.
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Another Area:  Basic Research
Basic Research - experiments performed to further scientific knowledge without an obvious or immediate 
benefit.
Goal - understand function of newly discovered cells, molecules, strange phenomena or little-understood 
processes
Even with no obvious goal, new knowledge can lead to breakthroughs and treatments years or decades 
later.
This is a picture of a tool called a nuclear magnetic resonance machine to determine the structure of 
molecules by measuring the vibration of atoms exposed to magnetic fields.
When developed, had no obvious medical applications.  Scientists realized they could hook to a computer 
and make a magnetic resonance imagery (MRI) machine to take pictures of bone and internal tissues 
without radioactivity.  MRI now used to help diagnose for brain trauma, stroke, brain tumors, spinal tumors, 
heart strucuture, joints, soft tissues, bones and more.



A number of researchers were studying the nutritional requirements of mammals in the early 1900’s. 
Experiments were carried out on the diets of young rats and mice, beginning with simple dietary mixtures 
and finding out what more was needed. For a long time researchers thought that failures in growth resulted 
from ingredients in the diet becoming denatured.

The first clear evidence that a lack of particular components of the diet could be harmful was presented in 
1912 by Gowland Hopkins, who had previously isolated and demonstrated the essential nature of the 
amino acid tryptophan.

He fed young rats on casein, lard, sucrose, starch and minerals. Half of the rats also received milk daily. 
Those receiving the milk grew well, and after two weeks the group receiving the milk was switched. He 
found that those receiving the milk grew normally and those now lacking did not continue to develop well. 
He explained this by the basic diet was lacking in some essential organic nutrient, and felt that similar 
problems may be present in human diseases related to diet.

Hopkins did not investigate his “milk factor” further, but a researcher in the USA, Elmer McCollum found 
that given a purified diet rats began to loose weight after 10 weeks, but would recover if given butter fat, but 
not olive oil. In 1914 he found that the active component could be separated from the rest of the butter fat, 
as it was soluble in ether. He called this nutrient “factor A”. He termed a nutrient which had been isolated 
from rice polishings by Casimir Funk in 1911 “factor B”. These fat soluble factors were later to become 
vitamins A and B, a term coined by Casimir Funk as a contraction of “vital amine”. It was subsequently 
found that not all vitamins are amines.

Vitamin deficiency in both humans and rats causes malnutrition and deficiency of vitamin A can result in 
serious eye damage.
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Basic research  doesn’t always lead to any practical benefit to humans or animals

1600s Harvey used mammals to understand the flow of blood.

1700s Lavoisier used a calorimeter to measure heat production as a result of respiration in a guinea pig.

1780s, Luigi Galvani demonstrated that electricity applied to a dead, dissected, frog's leg muscle caused it 
to twitch, which led to an appreciation for the relationship between electricity and contraction.

1890s, Ivan Pavlov famously used dogs to describe classical conditioning and understand reflexes.

1960s David Hubel and Torsten Wiesel demonstrated the organization of visual areas in cats and 
monkeys, and provided physiological evidence for the critical period for the development of 3-D vision.

In 1996 Dolly the sheep was born, the first mammal to be cloned from an adult cell.
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Dr. Doris Taylor's, from the U. of Minn. And her team started with a heart removed from an adult rat. 
The researchers soaked it in chemicals to remove the living cells, leaving behind a "skeleton" 
composed of the heart's nonliving structural tissues, which are made of proteins and other 
molecules. 
Onto this scaffolding the researchers placed heart cells from a newborn rat, which are not stem 
cells but can give rise to multiple types of tissue. 
The cells took to their new home and after 8 days had assembled into a functioning heart that beat 
and pumped fluid, the researchers reported online 13 January 2008 in Nature Medicine. 
The new organ had only 2% of the pumping force of an adult heart, but Taylor says that she and 
her colleagues have since repeated the procedure with about 40 hearts from newborn rats and 
found that they can produce a stronger organ by adding more cells and giving them more time to 
grow.

http://www.wesleyjsmith.com/blog/2008/01/adult-stem-cells-build-new-heart.html
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Another Area:
Animals are essential in evaluating safety of drugs, vaccines, food additives, household products, 
workplace chemicals, cosmetics, pollutants

FDA (Federal Food and Drug Administration) oversees drug, vaccine, food  additives, cosmetic safety
Other agencies, like the  Consumer product safety commission,EPA, and Occupational safety and health 
administration also regulate types of testing

1938  Food Drug and cosmetic Act of  1938 -- government oversight of consumer product safety.   
Company must prove to the FDA that a product is safe before it can be sold to the public
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Untested chemical=  phenylenediamine
At the time there were no regulations to ensure the safety of products. 

Blisters, abscesses, ulcers on face, eyelids, and eyes of Lash Lure users

One developed bacterial infection and died

Today, FDA requires all manufactures to prove safety of their products including  Make-up, perfume, 
shampoo, soaps, hair spray, dye, shaving cream

For years, only way to test -- animals

1980s -- alternative safety testing without animals, mostly tissue cultures
Reduced use of animals with cosmetics 90%

Some products still tested on animals:  sunscreens, fluoride toothpastes, anti-acne creams -- these 
contain ingredients that cause a chemical change in the body that could be potentially harmful.  Without 
animals, impossible to ensure that these are safe
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A few years after lush lure (in 1937) another tragedy of untested products occurred.
Sulfa drugs were praised in the 1930s as the first product to successfully treat bacterial infections.  
A drug company in Tenn. Developed a liquid form of a sulfa drug (antibacterial) that would appeal to kids. 
This company fashioned a well-tested sulfa drug and mixed it with sweet tasting liquid that children would 
like.  Sold it as “Elixir Sulfanilam”.  The drug company did not test it before putting it on store shelves and 
shipping samples to doctors.  Unfortunately, the drug company had used diethylene glycol to dissolve the 
sulfanilamide.  This is a sweet tasting poison that is similar to the main ingredient in antifreeze

Diethyene glycol causes kidneys to fail so that toxins and fluids cannot be excreted from the body.  Poisons 
eventually build up and overwhelm the body until death results.  This killed 107 people, mostly kids, until it 
was pulled from shelves.

Lash Lure and Elixir Sulfanilam lead to the passage of the Food, Drug and Cosmetic Act of 1938 which 
provided gov. oversight to consumer product safety and required that a drug company must prove to the 
FDA that a drug is safe before it can be sold to public.

�Documentary Examines Sulfanilamide Deaths of 1937BETHESDA, MD,  05 December 2003 � In 1937, 
small-town physician Archie Calhoun prescribed a new drug to several of his patients in Mount Olive, 
Mississippi.But within days, many of Calhoun's 13 patients who were taking the medication�including his 
best friend�had become gravely ill.The drug was a newly marketed liquid form of sulfanilamide, a synthetic 
antibacterial drug used to treat streptococcal infections.Sulfanilamide, included in a class of drugs known 
as sulfonamides, or sulfa drugs, was praised in the 1930s as the first product to successfully treat bacterial 
infections.The drug received worldwide publicity after German pathologist Gerhard Domagk, credited for 
discovering the antibacterial effects of the first sulfonamide drug, which was marketed as Prontosil, and 
Swiss pharmacologist Daniel Bovet, acknowledged for identifying that sulfanilamide killed strains of 
Streptococcus bacteria, won Nobel Prizes in 1932 and 1936, respectively.Americans first heard about the 
drug in 1936 when President Franklin D. Roosevelt's son had been close to death from a severe sinus 
infection�a condition that could be fatal during that era�until he was successfully treated with 



sulfanilamide."There has probably never been a single drug before or since that has had such 
a quick acceptance," said historian Gene Davis in a documentary film scheduled to air on the 
History Channel on December 11. "It was truly the first miracle drug of the 20th 
Century."Sulfanilamide was�manufactured as tablets or as an injectable drug. Pharmaceutical 
companies struggled with how to successfully liquefy the drug so that the product could be 
marketed for children and patients who preferred to take their medications in liquid forms.But in 
1937, Harold Watkins, chief chemist for pharmaceutical manufacturer S.E. Massengill Co. in 
Bristol, Tennessee, discovered that he could use an industrial chemical called diethylene
glycol (DEG) as a dissolving agent for sulfanilamide.DEG is used for keeping products, such 
as glue, cosmetics, and cigarettes, moist. Watkins also added raspberry flavoring and red 
coloring to the product, which Massengill marketed as Elixir Sulfanilamide, so that the 
medication would be more appealing for children.But DEG is a chemical cousin of antifreeze, 
and Watkins and his company failed to test the product for safety before shipping 600 bottles 
of Elixir Sulfanilamide to pharmacies and distributors and an additional 700 sample bottles to 
physician offices and Massengill sales representatives."Elixir Sulfanilamide was essentially 
slapped together without a thought to testing, without a thought to assessing its toxicity, or 
certainly without a thought to even looking into literature to see what you were putting into the 
product," said Food and Drug Administration (FDA) historian John Swann in the documentary 
Elixir of Death.
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Preclinical Research –
research:  background, studies to find what germ, chemical, virus causes a disease
study mechanisms of the disease develop a drug that is then tested in cell cultures and whole animal studies
animal use minimized, but testing in animals in important
eg:  first antibacterial agent -- prontosil – (1930s) Discovered use only with animals (not seen in tissue culture) had no effect on bacteria in culture, but 
when given to mouse, it broke down by the liver to sulfanilamide which killed bacteria like pneumonia bacteria   if tested only in cell culture, this sulfa 
drug would never have been discovered

Preclinical Safety Assessment Testing
Once drug shown to be effective in animals, then tests done to evaluate safety in TWO different animal species
Animals receive high doses of new drug for 30 - 90 days and monitored for side effects
Pathologists examine organs for side effects
Last safety testing before giving drug to people;  this phase takes about 4 years
The new drug also tested for mutagenicity and carcinogenicity, and that it does not cause infertility and birth defects -- this can 

take many years
Clinical Trials (Phase I, II, III, IV)
Company now applies to FDA for and Investigational New Drug Application, authorizing administration of new drug to people for clinical testing
I -- given to small number of normal, healthy volunteers to monitor activity and potential toxicity
II - limited studies give drug to patients with the disease to establish proper doses and some indication of effectiveness
III- large centers enroll 1000s of patients to test drug’s effectiveness and continue to monitor side effects;

success here leads to the FDA approving the drug
IV - Post Marketing Surveillance -- drug is on market and FDA continues to monitor for side effects
genetic diversity of people means new drug could cause an adverse effect in a =small group of genetically similar people not seen in clinical trials

drug could still be removed from the market (like fen-phen, anti-obesity 2-drug combination; ultimate caused heart value 
problems; surfaced with echocardiograms of women taking the drug; withdrawn in 1997)
Time:  14 years for clinical testing
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Interagency Coordinating Committee on the Validation of Alternative Methods
established in 1997 by the Director of the National Institute of Environmental Health Sciences (NIEHS) 
to develop and validate new test methods, and to establish criteria and processes for the validation and regulatory 
acceptance of toxicological testing methods. 
It is composed of representatives from 15 Federal regulatory and research agencies; these agencies generate, use, 

or provide information from toxicity test methods for risk assessment purposes. 

According to the Beauty Without Cruelty Website:  Example Alternatives:  There are many alternatives to the use of animals in 
research.
The most common type of alternative methods involves in-vitro tests, skin and cell cultures, epidemeology, computer software, 
databases of tests already done to avoid duplication and human clinical trial tests.
Examples of alternative methods that have already been developed are as follows:
Eytex: is an in-vitro (test tube) procedure that measures eye irritancy. A vegetable protein from the jack bean mimics the cornea, via
a protein alteration system, to an alien substance. This alternative can be used instead of the eye irritancy test, which involves 
dripping a substance into one eye of a restrained rabbit, and measuring the irritancy against the other eye over a period of time. This 
is called the Draize Eye Irritancy Test and ulceration, swelling and bleeding may be caused as a result.
Skintex: is an in-vitro method to assess skin irritancy that uses the pumpkin rind to mimic the reaction of a foreign substance on 
human skin and can replace the skin abrasion test in which the fur of the animal is cut and the skin is abraded before applying a 
substance. This may result in reddening, cracking, bleeding or ulceration of the skin. 
(Eytex and Skintex can measure 5000 different materials)
EpiPack: uses cloned human tissues to test potentially harmful substances.
Neautral Red Bioassay: are cultured human cells that are used to compare absorption of a water-soluble dye to measure relative 
toxicity.
Testskin: uses human skin grown in a sterile plastic bag and can be used for irritancy etc.
Topkat: is a computer software programme that measures toxicity, muttagenecy, caccinogenicity and tertonogenicity. 
www.bwcsa.co.za/vivisection/alternatives.html
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What about alternatives to animal testing?

“The EU bans cosmetics testing on animals
Animal protection groups call the ban 
overdue; 
industry officials say it could cause trade 
problems”
March  2003



(2014) Animal testing by manufacturers seeking to market new products may be used . . .
. . . companies may determine that animal testing is necessary to assure the safety of a product . . .

FDA advocates that research and testing derive the maximum amount of useful scientific information from 
the minimum number of animals and employ the most humane methods available within the limits of 
scientific capability. (http://www.fda.gov/Cosmetics/ScienceResearch)

We also believe that prior to use of animals, consideration should be given to the use of scientifically valid 
alternative methods to whole-animal testing.

The FDA supports the ICCVAM:
"To establish, wherever feasible, guidelines, recommendations, and regulations that promote the regulatory 
acceptance of new or revised scientifically valid toxicological tests that protect human and animal health 
and the environment while reducing, refining, or replacing animal tests and ensuring human safety and 
product effectiveness.”

[The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) is a 
permanent committee of the NIEHS under the National Toxicology Program Interagency Center for the 
Evaluation of Alternative Toxicological Methods (NICEATM). ICCVAM is composed of representatives from 
15 U.S. Federal regulatory and research agencies that require, use, generate, or disseminate toxicological 
and safety testing information.]

http://www.fda.gov/cosmetics/scienceresearch/producttesting/ucm072268.htm
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Choose Cruelty Free (CCF) is an independant, non-profit organisation that surveys and accredits cruelty-
free companies.

Many people look for cosmetics labeled “cruelty free” or “not tested on animals”
Be careful.  There is No legal  definition in the  U.S. 

Most companies saying cruelty free use alternative testing and do not use animals. 

BUT Not always mean not tested on animals (See the slide above)

Look for the Coalition of Consumer Information on Cosmetics Logo. (The bunny above)  
These companies agree not to conduct or commission animal tests or use any ingredient that is tested on 
animals.

www.leapingbunny.org
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Proper care of animals is a priority for animals used in research in scientific community
There have been some instances of mistreatment
Consequence:  pressure by public to regulate the care and use of lab animals. Several layers of oversight 
exist

First:  1966  Laboratory Animal Welfare Act (See Above)
Animal and plant inspection service and Dept. of Agriculture enforces the act by inspecting labs and 
monitoring compliance.

It’s been amended 6 times, each time elevating the standard of animal care

1985 -- provided  researchers with data base of alternatives to painful animal experiments
-- must register with  USDA and establish an Institutional Animal Care and Use 

Committee to review all experimental protocols with living, warm-blooded animals.  Committees like this 
have existed for clinical trial with people.  

QUIRK:  NOT cover the most common species of lab animals:  rats, mice birds -- not enough resources 
available to inspect
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All scientists do not obey the law.  Here is one example.

Volunteer came into to the Silver Springs Maryland Primate research facility as a volunteer.  Took video 
and photos of conditions in the early 1980’s.  Cages unclean.  No vet care.  Brought criminal charges 
against researcher.  Research was on nerve regeneration

Was impetus for more and stronger amendments to the animal welfare act.  Captive primates must be 
given a physical environment that promotes  their psychological well-being -- pairs,  at least, and groups.  
EXPENSIVE

So close to humans (which is why they are useful for research - may be only animal models for some 
diseases like HIV) but they also have some of the same needs.

Monkeys are only .05% of research animals

The Story:
The Silver Spring monkeys were seventeen macaque monkeys living inside the Institute of Behavioral 
Research in Silver Spring, Maryland, who became what one writer called "the most famous lab animals in 
history."[3] They came to public attention as a result of a bitter ten-year battle between scientists, animal 
advocates, politicians, and the courts over whether to use in the animals in research or release them to a 
sanctuary. Within the scientific community, the monkeys are known for their role in research that led to the 
discovery of neuroplasticity, the ability of the brain to remap itself, regarded as one of the most exciting 
discoveries of the 20th century.[4]The monkeys had been used as research subjects by Edward Taub, a 
psychologist, who had cut afferent ganglia that supplied sensation to the brain from their arms and legs, 
then used restraint, electric shock, and withholding of food to force them to use the limbs they could not 
feel.[5] In the summer of 1981, Alex Pacheco of the animal-rights group PETA, founded a year earlier, 
began working undercover in the lab, and he alerted police to what was widely deemed to be the monkeys' 
unacceptable living conditions.[6] Police raided the Institute and removed the monkeys, during the first 
such raid in the U.S. against an animal researcher. Taub was charged with 113 counts of animal cruelty 
and six of failing to provide adequate veterinary care. He was convicted on six misdemeanor counts, 



sending a chill through the animal research community, though the convictions were 
overturned on appeal.[7] The National Institutes of Health initially judged that the laboratory 
was "grossly unsanitary," and suspended his funding, though this was also later 
reversed.[8]The ensuing battle over the monkeys' custody saw celebrities and politicians 
campaign for the monkeys' release, the introduction of the 1985 Animal Welfare Act, the 
transformation of PETA from a group of friends into a national movement, the creation of the 
first North American Animal Liberation Front cell,[9] and the first animal research case to reach 
the Supreme Court.[10]In July 1990, days after the Supreme Court rejected PETA's application 
for custody, dissection of the animals showed significant cortical remapping, suggesting that 
being forced to use limbs with no sensory input had triggered changes in their brains' 
organization.[11] This evidence of the brain's plasticity helped overturn the view that the adult 
brain is no longer plastic, and cannot reorganize itself in response to its environment.[12] After 
five years of being stalked, receiving death threats, and being unable to find a research 
position, Taub was offered a grant by the University of Alabama at Birmingham, where he 
developed a new form of therapy, based on the concept of neuroplasticity, for people disabled 
as a result of brain damage. Known as constraint-induced movement therapy, it has helped 
stroke survivors regain the use of limbs paralysed for many years, and has been hailed by the 
American Stroke Association as "at the forefront of a revolution."[13]
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Another federal standard
Public Health Service Policy on Humane Care and Use of Laboratory Animals (PHS Policy) (Thorugh the U.S. 
department of health)

1985
Applies to facilities that receive public health funds - most universities and colleges; researchers must comply with 
guidelines set forth in the Guide for the Care and Use of Laboratory Animals

Broader than animal welfare act -- all vertebrates including fish and reptiles

Committee reviews all proposed animal experiments:
1.  Justify need for animals, their #, and the species
2.  Include procedures or drugs to eliminate or minimize pain and discomfort
3. Description of methods  and sources used to search for alternatives to painful procedures
4.  Search to ensure the experiment does not duplicate research already done

Committee includes a vet, one scientist experienced in animal research, a professional whose primary concerns are 
not scientific (ethicist, clergyperson, lawyer), someone not affiliated with the institution (represents the community at 
large)

Inspections  2x per year
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Scientists continue to expand knowledge and improve techniques to use the fewest animals as efficiently 
and humanely as possible.

1954 Universities Federation for Animal Welfare (UFAW) hired 2 young scientists to produce report on 
experimental methods.  Had already in 1947 produced Handbook on the Care and Management of Lab 

Animals.

Russell and Burch studied labs in Britain for 2 years and wrote in 1959 The Principles of Humane 

Experimental Techniques. -- Introduced the 3 R’s

REDUCING

REFINING

REPLACING
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Note –

This graph does not include rats and mice.
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It did take 30 years for Russel and Burch’s work to receive the attention it deserved, the 3R’s are now 
practiced in labs throughout the world and have been incorporated into animal care legislation in the US 
and European Union



The rabbit test, or Aschheim-Zondek test, was an early pregnancy test developed in 1927 by Bernhard 
Zondek and Selmar Aschheim. The original test actually used mice,[1] and was based upon the 
observation that when urine from a female in the early months of pregnancy is injected into immature 
female mice, the ovaries of the mice enlarge and show follicular maturation. The test was considered 
reliable, with an error rate of less than 2%.[2] The rabbit test consisted of injecting the tested woman's urine 
into a female rabbit, then examining the rabbit's ovaries a few days later, which would change in response 
to a hormone only secreted by pregnant women. The hormone, human chorionic gonadotropin (hCG), is 
produced during pregnancy and indicates the presence of a fertilized egg; it can be found in a pregnant 
woman's urine and blood. The rabbit test became a widely used bioassay (animal-based test) to test for 
pregnancy. The term "rabbit test" was first recorded in 1949 but became a common phrase in the English 
language.
Modern pregnancy tests still operate on the basis of testing for the presence of the hormone hCG. Due to 
medical advances, use of a live animal is no longer required.
It is a common misconception that the injected rabbit would die only if the woman was pregnant. This led to 
the phrase "the rabbit died" being used as a euphemism for a positive pregnancy test. In fact, all rabbits 
used for the test died, because they had to be surgically opened in order to examine the ovaries. While it 
was possible to do this without killing the rabbit, it was generally deemed not worth the trouble and 
expense.
A replacement for the rabbit test involved using frogs, specifically the African clawed frog, which like all 
frogs lays eggs instead of getting pregnant, and therefore can yield a positive result on the test without the 
need to be cut open in order to prove it.

BioEthics
Defense of  Animal Experimentation

February 2012



http://www.animalresearch.info/en/designing-research/alternatives-and-the-3rs/
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http://speakingofresearch.com/2010/06/04/gallup-poll-puts-majority-behind-animal-research/

However when we graph these numbers we can see that, although relatively stable over time, there has 
been a slight dip in support over the past decade.

The final fact is that although 69% of men find animal research morally acceptable, only 49% of women do 
(although due to “no opinion/depends” this is still more than those women who believe it is unacceptable). 
To remedy this, proponents of research should make sure to mention the importance of animals in the 
development of the recent Breast Cancer drugs (Herceptin and Tamoxifen) and Cervical Cancer Vaccine 
(HPV Vaccine).
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http://www.gallup.com/poll/183275/say-animals-rights-people.aspx

Almost a third of Americans, 32%, believe animals should be given the same rights as people, while 62% 
say they deserve some protection but can still be used for the benefit of humans. The strong animal rights 
view is up from 2008 when 25% thought animals' rights should be on par with humans'.

A third of Americans want animals to have same rights as people
Support for this view up from 25% in 2008
Majority, 62%, say animals deserve "some protection"
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NY Times 
https://www.nytimes.com/2014/04/27/magazine/the-rights-of-man-and-beast.html?_r=0

There is a short video at this site (

6.5 minutes) on the NY Times story

http://www.nonhumanrightsproject.org/category/courtfilings/kiko-case/
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Utilitarianism:  the greatest good for the greatest number of people

Humans are distinctly different in some way from animals

Animals may not have rights but people still have an obligation and duty to treat them humanely.

Polls indicate that the public continues to support biomedical research using animals, the same polls reveal 
that continued public support is dependent upon high standards of animal care.

Plus, the better care provided for lab animals, the more certain investigators can be that pain or distress 
will not affect research data.  
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http://www.gallup.com/poll/183275/say-animals-rights-
people.aspx?g_source=animal%20testing&g_medium=search&g_campaign=tiles
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The two worked as a team. Klarer made chemical dyes in the laboratory and Domagk tested their clinical 
effect. By starting with a basic chemical structure and modifying it in small ways, Klarer was able to 
produce hundreds of dyes for Domagk to screen. Domagk’s notes, now archived at Bayer, indicate that he 
tested the effect of each dye on several different types of bacteria, and in a testament to the ambition and 
naivete of the time, also considered their effect on cancer. In 1932 Domagk tested Prontosil. In his 
experiments he used a strain of streptococcus bacteria, the same type of bacteria that is responsible for 
scarlet fever, rheumatic fever, pneumonia, and strep throat, among other diseases. He exposed cultures of 
the bacteria grown in glass dishes to the dyes to determine whether any of the dyes were capable of killing 
the bacteria outright. But after exposure to Prontosil the bacteria continued to thrive. Even so, Domagk 
knew that a chemical might have a different effect on a bacterial infection in a living body, so he tested 
some of the dyes, including Prontosil, in mice. He infected a group of mice with a lethal dose of 
streptococcus and then gave some of the mice Prontosil while others received no treatment. Sadly, but not 
unexpectedly, all of the mice that did not receive any treatment were dead within two weeks, but the mice 
that were given Prontosil never got sick. It was a promising result. But of course, preventing infection in a 
mouse doesn’t necessarily mean curing the same infection in a human.

http://smellslikescience.com/the-making-of-a-miracle-drug/
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Here is an 8-month study at the National Institutes of Health that models the type of  research program 
where careful attention is paid to animal well-being and teamwork among vets, animal care technicians and 
scientists to produces the max sci benefit.

Research :  Using an MRI machine to diagnose a heart attack instantly.  Two different researchers who 
were both studying the flow of blood through the heart after an attack-damaged arteries were identified by a 
Veterinarian who got the two researchers together.

They could not REPLACE the dogs as research models (can’t study bloodflow in tissue culture) but they 
could both get the info they needed from the SAME SET OF DOGS and thus REDUCE the number of dogs 
used in each study.

Since animals have many of the same responses and symptoms as people they need to be provided with 
the same level of support. Thus a team of vets and technicians REFINED the previous care procedures by 
instituting 24-hour critical care for dogs in the study, similar to a hospital intensive care unit for heart attack 
patients. 

Many of the drugs used in the care of the dogs are the same used in human heart attack patients.  
Understanding what drugs and dosage  cause side effects in dogs, doctors are better able to treat human 
heart attack patients.

Finding the dosage that will produce the max. healing benefit with the least side effects:  an ultimate goal of 
animal research
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1. Does the  drug cause a dangerous reaction when mixed with other prescription or over the counter 
medication?

2. Is the drug safe for pregnant women, children and the elderly and at what dosage?
3. Does the drug cause birth defects or subtle learning disabilities that may not show up until a child is in 

school?
4. Does the drug cause cancer, which may take 20 years to develop?
5. Is there a small number of patients who are genetically more susceptible than average to side effects?



In the United States, William Castle and Clarence Little began to breed mice, and produced a series of 
studies on the genetics of mouse coat-colours.3 Little worked with a mouse-breeder and realized that they 
could breed for particular characteristics, which were useful for modeling different diseases. He developed 
the first ‘lab mouse’ inbred laboratory strains. It was soon realized that to notice the changes when the 
genetics of mice are altered, all the mice of a particular strain must be as similar as possible. This gave a 
uniform background to compare with new variations. Having strains of mice with very similar genetics has 
advantages for all biological sciences for the same reason – it is easier to identify a change. Today, there 
are several hundred strains of inbred mice, and many of Little’s original inbred strains are still in use.
The first inbred mouse strain created by Little was the DBA (dilute brown non-agouti) mouse in 1909. In 
1921 he bred the C57BL/6 strain, which became the first mammal to have genome sequenced, many years 
later in 2002.4 Clarence Little went on to found the Jackson Laboratory in the USA, a world-famous centre
for mouse genetics.

The history of using mice as a model for genetics ensured that many mutations and genes were identified 
during the 20th century, and the first mouse gene was isolated in 1977.5 Genetic technology advanced 
rapidly during the 1980’s leading to the development of transgenic and knockout mice.

Inbred Mice: As in inbred human populations, inbred mice often show characteristics that are not common 
in the wild. This is usually due to the appearance recessive alleles of genes that are masked by dominant 
alleles in more heterogeneous populations. Sometimes these characteristics may be predispositions 
towards certain diseases. Other times they may be protections from disease. For instance, the C3H strain 
develops hardened arteries much less often than ordinary mice. These predispositions vary widely 
between inbred strains depending. This often facilitates studying particular diseases, though one must 
carefully select strains for use in disease models based on the susceptibilities each strain exhibits. As a 
result, one downside of using inbred mice is that they are not representative of "wild" mice and in many 
cases may make poor models for human biology.

The "Nude" Mouse: One interesting inbred strain is the nude mouse. Nude mice bear mutations that 
result in a lack of hair and an impaired immune system, particularly the lack of lymphocyte populations. 
Nude mice can be used in cancer studies because they do not reject cells and tissue from other mice or 
even other species, which can be tested in the mouse for tumor-forming capacities.
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