
Developments in Medicine, 
Biology, and Chemistry in the 
16th and 17th Centuries

The Scientific Revolution:

WILLIAM HARVEY, 1578-1657



•Significant developments in medicine, biology and 
chemistry during the period of the 16th and 17th

centuries began to reshape how people thought about 
the physical world that God has made, and how man 
lives in that world.

•One of the most important developments in this period 
is the discovery of how blood circulates in the human 
body by Englishman William Harvey.

•From the time of the ancient Greeks, people believed 
that the human body was made up of the same 
fundamental elements that comprise all of the cosmos.



•The ancient Greeks believed all of the cosmos was made 
up of fire, water, air, and earth. 

•These elements could have the qualities of being hot, 
cold, dry, and/or moist. 

•The food and drink that animals consumed consisted of 
these elements, and in the course of digestion they were 
converted into four bodily juices or humors:
•blood
•phlegm
•yellow bile
•black bile



•From these came the 
descriptors sanguine, 
phlegmatic, choleric, and 
melancholic.

•Hippocrates (c. 460 - c. 370 
BC), considered the founder 
of Western medicine, 
maintained that health 
required the proper balance 
of these elements; 
imbalance resulted in 
disease. 



•Thus, in a sense, Hippocrates and the school of medicine 
that followed him can be considered the originators of 
the notion of “homeostasis,” or the state of steady 
internal, physical, and chemical conditions maintained by 
living systems.
•After Hippocrates, the next significant physician 
was Galen, a Greek who lived from AD 129 to AD 200.
•Galen perpetuated the tradition of Hippocratic medicine, 
making some advancements, but also some regressions.
• In the Middle Ages, the Islamic world adopted 
Hippocratic methods and developed new medical 
technologies.



•The son of Aelius Nicon, a wealthy Greek architect with 
scholarly interests, Galen received a comprehensive 
education that prepared him for a successful career as a 
physician and philosopher. 

•Born in the ancient city of Pergamon (present-
day Bergama, Turkey), Galen travelled extensively, 
exposing himself to a wide variety of medical theories 
and discoveries before settling in Rome.

•He served prominent members of Roman society and 
eventually was given the position of personal physician 
to several emperors.



•His anatomical reports were based mainly on 
the dissection of monkeys.

•He later switched to other animals, especially pigs. 

•The reason for using animals to discover the human body 
was due to the prohibition on dissections of humans at 
the time.

•Galen’s anatomical reports remained uncontested until 
1543.

• In 1543 the Belgian scientist Andreas Vesalius printed 
descriptions and illustrations of human dissections in his 
work De humani corporis fabrica.



•Vesalius is often referred to as the founder of modern 
human anatomy. 

•He was born in Brussels, which was then part of 
the Habsburg Netherlands. 

•He was a professor at the University of Padua (1537–
1542) in Italy and later became Imperial physician at the 
court of Emperor Charles V.

•Vesalius, in contrast to Galen, performed dissection as 
the primary teaching tool, handling the actual work 
himself and urging students to perform dissection 
themselves. 



•Vesalius considered hands-on direct observation to be 
the only reliable resource.

•Vesalius’s groundbreaking work, commonly known as the 
Fabrica of Vesalius, is considered to be a major step in 
the development of scientific medicine. 

•The book had 273 finely detailed color plates and the 
work as a whole gave evidence that the illustrations were 
the product of actual observation.

•The Fabrica marks the establishment of anatomy as a 
modern descriptive science.

•Vesalius was only 28 years old at the time of publication.



•Vesalius’s work was truly groundbreaking, but it took 
another scientist to accurately study, describe, document 
and explain how the human circulatory system of blood 
actually worked.
•Harvey was well trained in anatomy, and he, like his 
forerunner Vesalius was convinced that the 
interventricular septum of the heart did not contain any 
holes or was “leaky.”
• In addition, he was born into an era in which 
experiment- ation (the use of the hands) and 
computation, in addition to simple observation, became 
recognized as essential tools of the “scientific method.” 



•He was well aware of the work of Copernicus and Kepler, 
who preceded him, and of his contemporary Galileo.

•For Galileo the combination of careful observation and 
computation resulted in nothing less than a switch 
between the earth and the sun as the center of the 
universe. 

•Galileo’s dictum “Measure all that is measurable and 
make those things measurable which have hitherto not 
been measured” was deeply impressed upon Harvey. 

•But Harvey did not build on anything, revise anything, or 
improve on anything. 



• Instead, he eradicated an existing dogma without a trace and 
replaced it with a paradigm whose essential features are 
immutable.
•Galen viewed the body as consisting of three connected 

systems: the brain and nerves, which were responsible for 
sensation and thought; the heart and arteries, which were 
responsible for life-giving energy or “vital spirit”; and the liver 
and veins, which were responsible for nutrition and growth. 
•According to Galen, blood was formed in the liver from food 

carried to that organ from the stomach and intestines via the 
portal vein. 
•This “natural” blood then entered the systemic veins and was 

carried to all parts of the body, by an ebb and flow, where it 
was consumed as nutrient or was transformed into flesh. 



•Thus, blood was not conserved; it was constantly being 
consumed in the periphery and replenished by ingested 
nutrients, and this was all carried out by the right ventricle 
and great veins of the heart.
•Harvey’s revolutionary conclusion that blood is conserved 

and circulates was based on only a few observations. The 
major ones were as follows:
• First, he measured the total amount of blood that could be 

drained from sheep, pigs, and some other subprimate mammals. 
• He then measured the volume of the left ventricles of these 

animals and calculated that, if the left ventricle were to empty 
with each beat, in one hour the total volume of blood pumped 
would be much greater than in the ingesta or even that contained 
in the entire animal. 



•This would be true even if one-tenth of the blood 
contained by the ventricle were ejected per beat.
•Also, Harvey’s experiments showed that blood did not 
flow from one side of the heart to the other, as Galen 
had postulated.
•Therefore, Harvey concluded, “...it is a matter of 
necessity that the blood perform a circuit, that it returns 
to whence it set out.”
•He also showed that, following light application of a 
tourniquet to a human arm, the veins become engorged, 
and that blood can only be milked from an engorged vein 
in the oral direction — toward the heart — but when the 
vein is thus emptied it only fills from the periphery. 



•Harvey also asserted that knowing the diameter and 
length of the cylinder of vein, one can calculate the 
volume of blood that flows through the vein during rapid 
emptying and refilling.

•Harvey showed that in a day more blood flows through 
that segment alone than the quantity of food ingested.

•He proved that the amount of blood in an organism 
could not be explained by how much food was 
consumed and how much waste was excreted. 

•Blood was not “made” (directly) by the body by eating 
food and taking in water.



•Harvey’s revolution in anatomy and physiology was set forth 
in an exquisitely written 70-page monograph entitled 
Exercitatio Anatomica de Motu Cordis et Sanguinis in 
Animalibus or “Anatomical Essay on the Motion of the Heart 
and Blood in Animals,” commonly referred to as “De Motu 
Cordis” or simply “De Motu.” 
• It was published in 1628 when Harvey was 50 years old.
• It was published in Frankfurt in Latin, but the first English 

translation did not appear until two decades later, so that for 
a number of years its readership was limited to the educated 
population. 
•Nonetheless, in spite of its clear-cut and compelling 

arguments that were above dispute, the monograph did not 
bring Harvey immediate fame or prosperity. 



• It was attacked by distinguished members of the 
academic community, often on the sole grounds that it 
dared to question Galen and the “normal science,” so 
strong was the grip of the authority of antiquity on men’s 
minds. 

• It took half a century before it was accepted by as 
distinguished a center of learning as the University of 
Paris. 

• Indeed, many years had to pass before this immortal 
work became widely recognized as one of the milestones 
in human accomplishment.



Developments in Chemistry

•Chemistry, and its antecedent alchemy, became an 
increasingly important aspect of scientific thought in the 
course of the 16th and 17th centuries. 

•The importance of chemistry is indicated by the range of 
important scholars who actively engaged in chemical 
research. 

•Among them were the astronomer Tycho Brahe, the 
chemical physician Paracelsus, Robert Boyle, Thomas 
Browne and physicist and mathematician Isaac Newton.



•Alchemy is an ancient branch of natural philosophy, a 
philosophical and  pre-scientific tradition that was historically 
practiced throughout Asia, the Muslim world, and Europe.
•Alchemists attempted to purify, mature, and perfect certain 

materials. 
•Common aims were chrysopoeia, the transmutation of "base 

metals" (e.g., lead) into "noble metals" (particularly gold); the 
creation of an elixir of immortality; and the creation 
of panaceas able to cure any disease. 
•The perfection of the human body and soul was thought to 

result from the alchemical magnum opus ("Great Work"). 
•The concept of creating the philosophers' stone was variously 

connected with all of these projects.



• Islamic and European alchemists developed a basic set 
of laboratory techniques, theories, and terms, some of 
which are still in use today. 

•However, they did not abandon the ancient belief that 
everything is composed of four elements (air, earth, fire 
and water) and they tended to guard their work in 
secrecy, often making use of cyphers and cryptic 
symbolism. 

• In Europe, the 12th-century translations of medieval 
Islamic works on science and the rediscovery of Aris-
totelian philosophy gave birth to a flourishing tradition of 
Latin alchemy. 



•This late medieval tradition 
of alchemy would go on to 
play a significant role in the 
development of early 
modern science.

•Zosimos of Panopolis was a 
Greco-Egyptian alchemist 
and Gnostic mystic who 
lived at the end of the 3rd 
and beginning of the 4th 
century AD. 

Diagram of distillation process by 
Zosimos, used for purifying 
substances.



•Mystical and religious elements within alchemy, as it was 
practiced in medieval Europe, held back the 
development of chemistry as a valid field of study and 
research.
•Social, economic and educational changes during the 
Renaissance and Reformation periods helped change the 
focus of research into physical substances into a science.
•Practical attempts to improve the refining of ores and 
their extraction to smelt metals were an important 
source of information for early chemists in the 16th 
century, among them Georg Agricola (1494–1555), and 
his great work De re metallica, which was published in 
1556, one year after his death.



•Agricola’s work describes the highly developed and 
complex processes of mining metal ores, metal 
extraction and the state of metallurgy of the time. 
•His approach removed the mysticism associated with the 
subject, creating the practical base upon which others 
could build.
•Unrivalled in its complexity and accuracy, Agricola’s work 
served as the standard reference for two centuries.
•Agricola is known as the “Father of mineralogy" and the 
founder of geology as a scientific discipline.
•He was influential in introducing standardized weights 
and measures throughout the Holy Roman Empire.



• Irish/Anglo chemist Robert Boyle 
(1627–1691) is considered to have 
refined the modern scientific 
method for alchemy and to have 
separated chemistry further from 
alchemy. 

•Boyle is largely regarded today as 
the first modern chemist, and 
therefore one of the founders of 
modern chemistry, and one of the 
pioneers of modern experimental 
scientific method. 



•Although Boyle was not the original discoverer, he is best 
known for Boyle's law, which he presented in 1662. 
•The law describes the inversely proportional relationship 
between the absolute pressure and volume of a gas, if 
the temperature is kept constant within a closed system.
•Over a period of more than three decades, Boyle wrote 
extensively about various properties of matter in all 
three of its basic phases—liquid, solid, and gaseous. 
•He also discussed important aspects of physiology, 
medicine, the planet earth (including the oceans and the 
atmosphere), while contributing key insights to matter 
theory and the philosophy of science. 



•Boyle was also one of the founders of the modern 
scientific laboratory—conceive an experiment to test a 
hypothesis, assemble the apparatus and the people 
needed to carry out the experiment, and publish the 
results.

•Boyle’s books and articles were in high demand 
throughout Europe during the Scientific Revolution. 

•They were often pirated on the Continent, where his 
name was recognized everywhere.

•His writings gave detailed descriptions of his experiments 
so that others could repeat them.



•Boyle gave honest reports of exactly what he had done 
and found—even when the experiment didn’t work, a 
frequent occurrence.
•Born into a wealthy aristocratic Irish/Anglo family, Boyle 
was so wealthy that later in life he was able to work 
independently as a scientist without need of a salary or 
funding from a university. 
•Educated by private tutors, he learned Latin, Greek, 
French and Irish (Gaelic), and travel was a part of his 
education.
•He went to Florence to meet Galileo, but the great Italian 
scientist died before Boyle could meet him.



•Boyle was a devout Anglican but came to a period in his 
life when he questioned his faith.

•He had a conversion experience in Geneva, Switz. in the 
home of a tutor, Isaac Marcombes, a French Huguenot. 

•Marcombes took the adolescent Boyle to church twice 
weekly and read to him daily from the Bible and Calvin’s 
Catechism. 

•Altogether young “Robyn,” as his family called him, spent 
five years on the Continent with Marcombes, studying 
rhetoric, logic, mathematics, and the art of fortification 
(military engineering) as well as religion. 



•Becoming fluent in French, he travelled extensively in 
France, Switzerland and Italy.

• In 1644, at the age of 17, Boyle’s father died, and Boyle 
returned to England, in the middle of the Civil War.

•Despite the social and political upheavals in English 
society, Boyle began working as a scientist at Oxford, 
although he did not officially join the university.

•He met Robert Hooke, an Oxford student.

•Hooke’s extraordinary abilities with mechanical 
equipment impressed Boyle who began paying him to 
work as his laboratory assistant.



• In 1654 Otto von 
Guericke had 
invented the vacuum 
pump. 
•Boyle learned of this 
in 1657 and was 
intrigued. 
•He discussed the 
concept of a vacuum 
pump with Hooke, 
who improved von 
Guericke’s design.

A graph of Boyle’s actual experimental 
results. Reciprocal Volume is plotted vs. 

Pressure, producing a straight line.



•Boyle and Hooke carried out experiments to investigate 
the properties of air and the vacuum, making their first 
great discovery: Boyle’s Law.

•Boyle published this result in 1662. 

•With its publication he emulated his hero Galileo for the 
first time. 

•Galileo firmly believed that the world could be explained 
using mathematics – as indeed Pythagoras had in a much 
earlier age. 

•Boyle had now shown by experiment that air follows 
mathematical laws.



• Boyle discovered sound cannot travel 
through a vacuum.

• He did this by ringing a bell housed inside a 
28-liter glass jar. 

• The bell was rung with the help of a magnet 
outside the jar. 

• As he pumped air out of the jar, the sound of 
the bell grew fainter and fainter.

• By turning the handle at the bottom, Boyle 
or Hooke could pump air out of the glass jar 
at the top.



•Obviously, in performing this experiment, Boyle also 
showed that magnetic forces can travel through a 
vacuum – otherwise he could not have rung the bell.

•Although not fully appreciated at the time, this was a 
highly significant moment in science. 

•Boyle had shown that physical forces could be 
transmitted across a vacuum.

•Furthermore, he showed light can travel through a 
vacuum, because when air was pumped out of the jar, 
everything in the jar remained perfectly visible.



•Using a candle, Boyle showed that a vacuum will not 
support combustion. 

•He also found that only part of the air supports 
combustion – he thought a very small part. 

•At this stage, none of the elements that make up air had 
been discovered. Oxygen’s discovery lay over 100 years 
in the future.

•Boyle also showed that air has weight, although this had 
previously been shown in 1644 by Evangelista Torricelli –
and seems to have been known by Empedocles 2,100 
years earlier in Ancient Greece.



•Published in 1661, Boyle’s The Sceptical Chymist, was a 
turning point in chemistry.
•At the heart of Boyle’s ambition for chemistry lay once 
again Galileo’s idea that the world could be understood 
through mathematics. 
•Boyle wished to turn chemistry into a quantitative 
science.
• Just as Galileo had rejected Aristotle’s theory of motion, 
Boyle now rejected the Aristotelian elements: earth, 
water, air, and fire. 
•He also rejected Paracelsus’s principles of salt, sulfur, and 
mercury.



•Boyle correctly defined elements as simple substances 
that could not be decomposed into other substances.

•But Boyle was not able to find an experimental method 
to prove whether a substance was an element or not.

• It would be more than a century before Antoine 
Lavoisier broke through this experimental barrier and 
produced the first list of chemical elements.

•Boyle believed, along with other scientists both ancient 
and modern, in the atom, the smallest unit of ordinary 
matter that forms a chemical element.



•Although he denounced mysticism, Boyle remained an 
alchemist, believing that one element could be 
transmuted into another. 

•He thought, correctly, that this could be achieved 
through a rearrangement of the basic particles making 
up the element. 

•But it would be almost 300 years before this was first 
achieved.

•Ernest Rutherford, a New Zealand scientist, transformed 
nitrogen into oxygen in 1919.



•Boyle’s activities included much besides scientific 
inquiries.

•He actively supported charities and anonymously gave 
enormous sums of money and medicines to the poor, 
starting first with tenants on his estate. 

•He supported efforts to translate the Bible into Native 
American languages and into Welsh, Irish, Turkish, and 
Malayan.

•He was strongly opposed to religious persecution, in a 
time when Catholic and Protestant nations alike spent 
blood and treasure on religious wars nearly constantly.


