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Part I

The Elements of Scientific Words

T

hose who find scientific terms confusing and difficult to pronounce, spell, and remember often do not realize the way terms break down into smaller familiar elements.  Multisyllabic words such as hypocalcemia
 make far more sense if one appreciates how they can be analyzed
 into their components.  



Part I of this workbook will be the basis for Exam I in BIOL 3010.  Its purpose is to teach an appreciation of the components of scientific words, how they are assembled to make longer words, and how they lend tremendous flexibility, descriptive power, and beauty to the language of science.  This section deals with the basic tools of etymology, not with a study of any specific fields of biology or medicine.  It covers the following topics:

· A brief history of the language of science.

· A general look at word roots, affixes, and combining forms and the rules for analyzing scientific words.

· Prefixes, how they lend flexibility to scientific vocabulary, and how they may be modified when combined with word roots.

· Numeric prefixes, the metric system, and the Standard International Units of measurement, with an emphasis on the word prefixes that denote metric measures.

· Suffixes, the flexibility that they, too, lend to scientific language, the relationship between singular and plural noun forms, and compound suffixes.

Chapter 1

A History of the Language of Science

He who should know the history 

of words would know all history.

—Will Durant

The Age of Faith

O

ne of the greatest difficulties confronted by beginning biology students is the profusion of terminology and the strangeness of many of the words.  Some biological terms are easy to grasp because they are grounded in familiar English words: tap root, cross-pollination, and food web, for example.  Others seem more alien, such as xanthophyll, pterygoid, and gastrocnemius.  It’s enough to make some people throw up their hands and exclaim, with more truth than they realize, “It’s all Greek to me!”  

The Importance of Etymology

Linguists estimate that people today speak about 3,000 languages, which they divide into 6 major families according to their historical origins and common descent: African, American Indian, Asian, Indo-European, Near Eastern, and Pacific.  English and most scientific vocabulary belong to the Indo-European family, which originated with a tribe that lived about 5,000 years ago between modern India and Europe.  This family includes at least 70 modern languages—English, Spanish, Portuguese, French, German, Italian, Dutch, Flemish, Icelandic, Swedish, Norwegian, Gaelic, Czech, Polish, Russian, Sinhalese, Kurdish, Urdu, Hindi, Persian, Creole, Yiddish, and others—as well as numerous ancient and Medieval languages.


In this chapter, we will examine how English and the language of science have emerged through the three major eras of history:  Antiquity (up to about 500 ce
), the Middle Ages (roughly 500 to 1500), and the Modern Era.  This history lays a foundation for etymology, which literally means “the study of true meaning.”  Etymology is the study of where and how words originated, how they were transmitted from one culture and language to another, and how they changed form over the history of their use.  Beyond giving us an understanding of where biological terms came from, etymology is rewarding in itself as a source of fun, surprise, and unexpected recognition.  


About 60 percent of English words come from Latin, either directly or by way of Old French.  In biology and other fields with rich technical vocabularies, most terms come from Latin and Greek.  Literacy in both of those languages used to be a prerequisite for university admission in Europe.  Students in the Middle Ages probably found the language of science a lesser barrier than they do now, for they were merely learning new words in an already-familiar language.  Terms like xanthophyll and pterygoid would seem no more strange or incomprehensible to a student grounded in Greek than the terms tap root and food web seem to a student grounded in English.  Now, however, for lack of a background in Greek, students find them more perplexing.  Today’s lack of preparation in the classical languages is not entirely unjustified.  With the tremendous explosion of scientific knowledge in the twentieth century, students must come to college knowing more science than even the greatest scientists knew a century ago.  We no longer have the luxury of devoting four years of high school education to Greek and Latin grammar, and even if we did, the benefits would probably be too slim to repay the effort.


Nevertheless, a biology student today is still benefited if he or she is comfortable with the spelling, pronunciation, and meanings of a repertoire of word elements from Greek and Latin, and with a smaller number of languages that have lent word elements to modern biological vocabulary.  (Some biological words that come to us from languages other than Latin and Greek include aardvark from Afrikaans; opossum from Algonquin; alcohol from Arabic; kangaroo from the Guugu Yimidhirr language of Australia; axolotl from Aztecan; chimpanzee from Bantu; walrus from Danish; dodo from Portuguese; vampire from Russian; malaise from French; agouti from Guarani; aye-aye from Malagasi; orangutan from Malayan; and alligator from Spanish.)


As we study the etymology of western science, we find that it is rooted in the history of exploration, commerce, military conquest, cultural exchange, and the uneasy relationship between science and religion.  A full appreciation of the language of science would take us beyond the realm of etymology into philology—a subject that combines etymology, linguistics, and cultural history.

Ancient Science and Language

Rome

Ancient Rome gave us Latin, but it did not give us much of a scientific legacy.  The Roman Empire was an aggressive, slave-holding society with very little of the compassion needed for the practice of medicine or the creativity necessary to mechanical invention.  What little science interested the Romans had to do either with maintenance of the calendar or with military conquest.  Nevertheless, for reasons we will see in this chapter, it is the language of ancient Rome that gave rise to English and the Romance languages, and to much of today’s biological and medical vocabulary.

Athens

Ancient Greece was the birthplace of western science, but it was not the Greece of today.  The Greece of 2,500 years ago was a loose confederation of city-states scattered throughout the Mediterranean, each independently governed and indeed often at war with each other.  They had little in common but the Greek language.


Athens, on the mainland, was an important seat of philosophy but not of science. Athenian philosophy was dominated by the school of Plato (c. 427–347 bce), who not only discouraged the direct observation of nature as a way of knowing, but also destroyed the works of competing philosophers such as Democritus, who wrote 73 books spanning the whole range of human knowledge.  Democritus was first to conceive of the concept of atoms as the smallest, irreducible units of matter.  All we know of his writings are the fragments that his students were able to recall.  Perhaps Plato’s one constructive effect on science was to formalize written Greek and bring about better agreement with the spoken language.


Plato’s student, Aristotle (384–332 bce), encouraged naturalistic studies and collected his observations, along with reports from other people, into such works as The History of Animals, The Parts of Animals, and The Generation of Animals.  He discovered little that was not already known, however, and he perpetuated a great deal of misinformation by accepting too much that he was told at face value and reporting it without verifying whether it was true. Aristotle’s misconceptions about combustion, gravitation, and gases were a grave setback to science that inhibited advances in chemistry until as late as the eighteenth century.  


There was much tension between science and religion in Athens.  Even during the relative enlightenment of the “Golden Age” of Pericles (c. 495–429 bce), the study of astronomy was outlawed.  Anaxagoras (c. 500–c. 428 bce), who had many correct insights into astronomy, weather, physics, and evolution, was indicted for impiety and sentenced to death for teaching that the sun was a mass of stone on fire, not a god as the Athenians believed.  He managed to escape, however, and supported himself as a philosophy teacher in Lampascus until he died of natural causes in his seventies.

Alexandria

Science fared much better in the Greek city of Alexandria, founded on the coast of Egypt in 332 bce to commemorate Egypt’s conquest by Alexander the Great.  Alexandria was, for a time, an intellectually lively, multicultural city and a seat of Egyptian, Greek, and Jewish scholarship.  Alexander, the first of the Greek pharaohs and ancestor of the Ptolemies, had a ravenous scientific curiosity but lacked the time to pursue it personally.  He generously patronized scientific research and commissioned the construction of the great Library and Museum of Alexandria.  Thus, we owe to him the very idea of an institution dedicated to the advancement of literature and science.  The Library was the world’s first serious, systematic, public collection of world knowledge, and the first great publishing house.  As merchants and other travelers passed through the port of Alexan​dria, their vessels were searched and their books confiscated.  Hand-made copies of the books were graciously returned to the owners, but the originals were kept in the Library.


The Museum was not, like those of today, a collection of antiquities.  Rather, it was a House of the Muses, a center of scientific and literary activity, an institute for advanced studies.  Here for the first time in history, noteworthy scholars were placed on govern​ment salaries to do research.  The Museum assembled appointed faculties in astronomy, mathematics, physics, and literature, and erected housing, a dining hall, a lecture hall, and an observatory to accommodate them. In most respects, however, the Library and Museum was the world’s first university.  The faculty was paid to do research, not to teach, but they nevertheless sometimes lectured to students who were attracted to this mecca of the intellectual life.


The Greeks of Alexandria loved and eagerly absorbed the science and culture of Egypt.  They were fascinated by the semipictorial engravings of the Egyptians and called them hieroglyphics.
  A hieroglyph represented an entire word or concept.  As early as 4,000 years ago, Semitic people borrowed and adapted signs from the hieroglyphics to represent something less than whole words, namely sound values.  This was an important beginning in the invention of alphabets that were more flexible and less cumbersome to remember.  Maritime commerce transmitted these early alphabets throughout the Mediterranean, and by 600 bce, they were adapted to the needs of the Greek city-states.  The Greeks had also acquired the art of papermaking from their host civilization.  Papyrus was a far superior writing surface compared to the wax and clay tablets used before, and it permitted Greek literature and language to flourish.  The Greek alphabet was transmitted to Italy and became the rootstock of Latin.  Oral Greek was originally a rather haphazard language, but linguists at Alexandria prescribed rules of grammar and tried to bring about more refinement and standardization in the spoken language.

The End of the Era

For all its glory, Alexandria was doomed to a tragic downfall.  Today, we appreciate science because it yields so many practical benefits, ranging from technological conveniences to better health.  The Greeks were at no loss for imagination and inventiveness, but they failed to apply what they knew for the public good.  Science was for the amusement of the privileged classes, not for the common welfare.  For example, in the first century ce, Hero invented a steam engine that could have had enormous practical benefit, but it was regarded merely as a toy.  The institution of slavery and the exploitation of Jews and Egyptians by the Greeks also created a society that grew increasingly stratified and divisive. Scientific experimentation came to be equated with manual labor, inappropriate for the educated classes. By the third century ce, Alexandria was no longer producing significant original scholarship. 


The Christian church, newborn and struggling for power, played on the discontent among the citizens and preached against the elite, pagan intellectuals of Alexandria.  There can be no more grisly an illustration of the tension between Christian and Greek culture than the fate of Hypatia (c. 370–415 ce).  Daughter of the mathematician Theon, Hypatia was the leading scientist and teacher of fifth century Alexandria.  She was a physicist, astronomer, and mathematician.  She was self-assured and widely admired.  Hypatia’s nemesis was Cyril, the Archbishop of Alexandria (for whom Russia’s cyrillic alphabet is named).  In his struggle to tighten the grip of Christianity on the political life of the city, Cyril expelled the Jews and then turned his malevolent attention on the Greeks.  His authority in the Church often conflicted with the secular authority of Orestes, the chief magistrate of Alexandria, a pagan and intimate friend of Hypatia.  As tension mounted between the Cyril and Orestes, Hypatia was caught in the middle.  In 415 ce, a band of fanatical, mysogynist monks led by a minor clerk on Cyril’s staff dragged her from her chariot and into a church.  They stripped her and scraped the flesh from her body with seashells before throwing her remains into a fire.  


The Roman Emperor Theodosius II imposed a mere token penalty for this atrocity, prohibiting Cyril’s monks from appearing in public for a time.  A few years after Hypatia’s martyrdom, a mob ransacked the Library of Alexandria and burned it to the ground.  A quarter of a million priceless, hand-copied books were lost.  Greek professors fled from Alexandria to Athens, where non-Christian teaching continued freely for about a century longer.  In 529, however, Emperor Justinian closed the schools and brought down the final curtain on 11 centuries of Greek scholarship.  The Greek zest for life, for inquiry, for discovery and invention, would not be revived until the Italian Renaissance, a thousand years after Hypatia’s death.  Europe, in the meantime, would be mired in what we now call the medieval era, Middle Ages, or Dark Ages.

The Middle Ages

Influence of the Church

The Church dominated the political, cultural, and economic life of medieval Europe with mixed effects on science and its language.  Now centered in Rome, the Church adopted Latin as the language of worship and study, while it was contemptuous of the Greek culture it had vanquished.  With the decline of Alexandria, Emperor Theodosius II reorganized higher education at Constantinople (now Istanbul, Turkey).  Most of the faculty was devoted to the study of Latin and Greek literature.  The Church at the time did not object to the copying of pagan classics.  Monks labored to translate the works of Aristotle, Galen, and other “ancient masters” into Latin, and Priscian composed a Latin and Greek Grammar that remained one of the most important reference works of the Middle Ages. Some clerics were secretly fond of the classics and devised various schemes to preserve them, such as disingenuously reading Christian morals into pagan verse.  Copyists in the monasteries saved a significant body of Greek literature from destruction, and some was saved by scribes employed by private booksellers and wealthy clients.


One had to be wealthy, indeed, to own even a few books. Books were still hand-made, one at a time, and astronomically expensive.  It took a year or more to make a single Bible and an average parish priest would have had to pay a full year’s wages to buy one.  Consequently, few priests and even fewer lay people owned a complete Bible.  Durant, in The Age of Faith, notes that a single book was once traded for a farm and another for a vineyard.  Even the libraries of wealthy book lovers seldom had more than one or two dozen volumes, and while institutional libraries were numerous, most of them had fewer than 100 books. Outside of the Church, few people were literate and scholarship was almost nonexistent; illiteracy was more pervasive than it had been in classical Greece.  With so few people able to read and books so rare, the Church saw no threat to religious orthodoxy and, with some exceptions, was not particularly bent on censorship.

The Proliferation of Languages

The Middle Ages was an era of grinding poverty, resulting in the gradual deterioration of roads, commerce, and travel, and more and more isolation of communities from each other.  The widely scattered Roman legions and the people brought under their dominion spoke a variable, colloquial Latin—not the formal Latin of orators and poets taught in schools today.  Numerous local dialects of Latin arose from the casualness of colloquial Latin, the isolation of villages from each other, the liberty that people took to coin new, “pig-Latin” words for new things, and general laziness of speech and thought.  These evolved in two major directions—the Romance languages such as Spanish, French, and Italian, and the Germanic languages such as German, Dutch, Flemish, and Danish.  

The Emergence of English

Of all living languages, Mandarin Chinese is spoken by the greatest number of people, English is second, and Spanish is a distant third.  English, however, is the most nearly universal language, being used internationally in diplomacy, aviation, commerce, and science.  But English is a composite language.  Relatively little modern English—such as the words blood, heart, kidney, throat, snake, deer, bird, and feather—come from Old English.  Modern English is built predominantly on German, French, and Latin, mixed together in the melting pot of medieval Britain.


The first inhabitants of Britain whose language we know were the Celts.  The place names London, Thames, and Cambria are Celtic.  When Julius Caesar’s conquest of Britain introduced Latin to the island in 55 bce, the Celts shunned it.  Colloquial Latin became, however, the everyday speech (vernacular, or lingua franca) of the merchants and upper classes of Britain through the fifth century, when the declining fortunes of the Roman Empire forced her to call her legions home to her own defense.


Not long after the Roman withdrawal, Britain was invaded by Germanic tribes including the Jutes, Saxons, and Angles.  By this time, Old German had fragmented into regional dialects that became Middle German, Dutch, Flemish, Danish, Swedish, Norwegian, and Icelandic.  As the Germanic tribes invaded Britain, Old German also gave rise to Old English.  The Angles called Britain Angle-land, forerunner of the name England.  The Celts retreated to Ireland, Wales, and northern Scotland and Celtic and Latin nearly disappeared from Britain during the Germanic occupation.  Celtic never revived to any appreciable extent; it is now spoken only in Wales and parts of Ireland, Scotland, and France.  Latin, however, was reintroduced when Roman missionaries went to England near the end of the sixth century to Christianize the Anglo-Saxons.  The Anglo-Saxons readily adopted many Latin words, especially those related to worship and church affairs—alms, altar, candle, disciple, martyr, monk, prophet, etc.—but also many secular words such as lobster, purple, sponge, and plant.


The Viking invasions of the ninth century introduced nearly a thousand Danish words into the English language, including egg, happy, rotten, ugly, and window.  Five languages were spoken in Britain during the Germanic occupation: Celtic (British), Irish, Pict, Latin, and Old English (Anglo-Saxon).  Old English accumulated a vocabulary of about 50,000 words.  It differs from modern English more than Spanish, French, and Italian differ from the Latin of ancient Rome. For example, the following passage in Old English is scarcely readable to most people today:

Thonne cwethe ic to him thaet ic eow naefre ne cuthe….  Eornostlice, aelc thaera the thas mine word gehyrth and tha wyrcth bith gelic tham wisan were, se his hus ofer stan getimbrode.  Tha com thaer ren and mycele flod and thaer bleowun windas… and hit na ne feoll, sothlice hit waes ofer stan getimbrod.

The above passage is Matthew 7:23–25, from a Bible published in 1000 ce.  Little Anglo-Saxon literature survived destruction by the Catholic Church, the Danish Conquest, and the Norman Conquest.  The largest remnant is the epic poem Beowulf.


In 1066, William of Normandy (of northwestern France) invaded England and won victory at the Battle of Hastings.  On Christmas Day that year, he was crowned King of England, and thenceforth known as William I or William the Conqueror. His descendents ruled England for many centuries, and to this day, England has never been successfully invaded again. 


The Norman Conquest, as we now call his triumph, had a profound impact on the English language and today’s scientific language.  More than 10,000 French words were introduced into English, especially in the fields of law, fashion, and cooking.  Nearly three-quarters of these words remain in use today; for example, court, jury, palace, army, soldier, sovereign, chancellor, castle, prison, sermon, faith, sacrament, pastry, bacon, and beauty.  French dominated the language of the English aristocracy from 1066 to 1362, while Latin continued to rule in official documents and matters of education and religion.


The transformation from Old English to Middle English was a gradual process resulting from many factors besides the Norman Conquest. Nevertheless, French had such a pervasive influence on English that we regard 1066 as a watershed year.  Middle English was the language of Britain from the twelfth century to the Renaissance. Norman French introduced no specifically scientific words to English, for virtually no science was being done in eleventh century England, France, or anywhere else in Christendom.  But the Normans did introduce many word endings that, centuries later, became important in coining scientific terms—for example, the boldfaced suffixes of malleable, herbaceous, triage, ovulate, lumbar, donee, lioness, cuvette, soporific, vermiform, endemic, coniferous, prehensile, quartzite, varicose, and ligneous.  These are spelled as they are currently used and not as they were originally.  For example, -ic is derived from -ique, -fic from -fique, and -ous from -euse.  Some of these French suffixes became important in the later standardization of international nomenclature in chemistry—hence we now have such words as nitric, nitrous, nitrate, and nitrite, distinguished by suffixes that denote differences in chemical state.

European Universities

Even though Medieval Europe presented an unfriendly climate for science, it hosted a proliferation of universities including some of the most famous institutions operating today.  A law school was established at Bologna around 1000, basing its teaching on the ancient legal codes of Rome.  It attracted a wide variety of students from all over Europe, who revolutionized jurisprudence and presided over a slow shift of legal power from the Church to the state.  Bologna soon opened departments of philosophy and medicine.  Philosophy had a broader meaning then than it does now, and included Latin grammar, arithmetic, geometry, and astronomy.  Thus, the law school evolved into a studium generale—an institution teaching more than one discipline. At Bologna, students determined the salaries, appointment, and dismissal of professors.  Professors were required to deposit a sum of money in escrow at the start of a term.  If a professor skipped a chapter of the book or lectured for more than an hour, students had the authority to fine him, deducting fines from the escrow account before the balance was refunded to him at the end of the term. 


As professors and students dispersed from Bologna in the twelfth and thirteenth centuries, universities proliferated throughout Italy.  Others opened soon afterward in Britain, Paris, Prague, Krakow, Heidelberg, Antioch, and Vienna.  France became the leader of European scholarship in the twelfth and thirteenth centuries, beginning with the cathedral school of Notre Dame and then the University of Paris.  It was at Paris that master teachers were first called professores.
  They were forbidden to use lecture notes, and had to speak extemporaneously.  The University of Paris came to be the most influential school since Aristotle’s.  Next in prestige was the university at Montpelier, famous for its medical school.  


In Spain, government-controlled secular universities taught Latin, mathematics, astronomy, law, theology, and in some cases medicine, Greek, Hebrew, and Arabic.  In England, Oxford was the premier place of instruction in the early twelfth century and had 3,000 students by 1209, when a group of Oxford students defected and founded Cambridge University.  


Despite this flowering of universities, however, they did not promote original science.  Instruction was heavily steeped in the tradition of scholasticism—a movement lasting from the ninth to the seventeenth century that combined religious dogma with mystical philosophy, based especially on the ancient works of Aristotle and St. Augustine.  Scholastics were not to question the authority of these and other ancient masters or to set out to learn anything new by original observation.  Everything anyone needed to know, they taught, had already been discovered by the ancients, and the scholar’s duty was only to comment and elaborate on them.  


Medieval medical schools gave birth to encyclopedias and textbooks of illnesses, parasitic infections, surgical procedures, and veterinary medicine.  The treatments they prescribed were intermingled, however, with astrology and other superstition.  The appropriate treatment for a disease was thought to depend on the zodiac.  The word influenza is Italian for influence, from the belief that the stars and signs of the zodiac each influenced the health of a particular organ of the body.

Hindu and Muslim Science

Muhammad, born into poverty in 570 ce, became the founder of Islam, and within a century, this new religion ruled Persia, Egypt, half of Asia, and much of North Africa.  In 641, the Muslims captured Alexandria and established the city of Cairo, from which they ruled Egypt for the next 200 years.  By the eighth century, they had conquered North Africa as far as the Atlantic, and from this base, they began their conquest of Spain in 712.  The Muslims ruled southern Spain until the eleventh century.  (The Muslims of North Africa and Spain were known as the Moors.)  They established the University of Cordoba, which became highly renowned for surgery in the tenth and eleventh centuries.  They also built universities at Toledo and Seville, Spain, and Salerno, Italy. Muslim anatomy and pharmacology spread from Salerno throughout Europe until Christians expelled the Muslims in 1091.


After science died out in Greece proper, it was kept alive by the Greeks in Syria.  Here the Muslims first came into contact with Greek culture, and they felt a great admiration for it.  The caliphs of Islam recognized that the Arab world was far behind the ancient Greeks in science, and they ensured that Islam would give the highest respect to education and scholarship. The Muslims avidly studied Greek science and eventually surpassed the Greeks in scientific productivity and influence on Christian Europe.  They wisely allowed Christian and other non-Muslim scholars to teach unhindered in the Arab world, and it was largely Syriac Christians who translated the works of Ptolemy, Galen, Aristotle, and Euclid into Arabic.  In 830, al-Mamun established the House of Wisdom in Baghdad, which, like Alexandria, boasted a museum, a public library, an observatory, a scientific academy, and a large corps of translators.  Here, the Arabs eagerly studied Greek philosophy and science and translated every work of Greek literature they could lay hands on—Aristotle, Plato, Hippocrates, Galen, Ptolemy, the Old Testament, and more.  By 850, most of the surviving texts of classical Greece had been translated into Arabic and Syriac. 


Among other works studied and translated by Muslim scholars were Hindu texts of astronomy dating to as early as 425 bce. The Hindus had invented what we now call “Arabic” numerals, as well as the numeral zero and decimal notation.  The Muslims quickly recognized how superior these were to Roman numerals. How much easier it was to write and perform computations with numbers like 28 instead of XXVIII, or with 1,854 instead of MDCCCLIV! Muhammad ibn Ahmad, in his Keys of the Sciences (976), suggested that if no numeral appeared as a place-keeper in calculations, a little circle should be drawn in “to keep the rows.”  The Muslims called the circle sifr
 (origin of the word cipher).  Latin scholars translated sifr as zephyrum and the Italians shortened this to zero. With such tools, the Muslims developed mathematics to a much higher state than any previous civilization.  


Although algebra was a Greek invention of the third century, it got its name and much of its modern technique from the Muslims, especially Muhammad ibn Musa (780–850), known in the West as al-Khwarizimi.  Al-Khwarizimi wrote on Hindu numerals, compiled the oldest known tables of trigonometric functions, and wrote books on analytical geometry.  His Calculation of Integration and Equation was translated by Gerard of Cremona in the twelfth century and was used as the principal mathematics textbook in European universities until the sixteenth century.  It was this book that introduced the word al-jabr,
 which became algebra.  It seems certain that no textbook author today will match al-Khwarizimi in influencing university education for 700 years. Few college students today progress in their mathematics curriculum beyond what the Arabs knew or invented a thousand years ago.


The Muslims virtually invented chemistry as well.  They analyzed numerous substances, distinguished between acids and bases, and manufactured hundreds of new drugs.  They introduced to science controlled experiments, precise observation, and careful record keeping.  Most Muslim scientists believed that all metals were basically alike and that they could be interconverted, so much of Muslim chemistry was alchemy—the effort to convert relatively cheap “base metals” such as iron, tin, copper, and lead into precious metals such as silver and gold.  They searched in vain for a magic catalyst, the “philosopher’s stone,” that would do the trick.  While the effort failed and was a ruinous obsession—sending many an alchemist and his family to the poorhouse—the quest did yield a number of incidental discoveries along the way that stimulated the later development of true chemistry in Europe.  Roger Bacon (c. 1214–1294) is typically credited with the invention of modern scientific method, but Bacon was an astute scholar of Moorish science and may have obtained his ideas from the pioneering spirit of Muslim chemistry.


Islam contributed only about 100 words to modern science.  These include amber, camphor, chemistry, elixir, lime, naphtha, sugar, syrup, zenith, zero, and many words beginning in -al, such as alcohol, alkali, alchemy, and algebra.


Islam had a history of bloody conflict with European Christendom.  Through the Crusades—the Christian wars against Islam in the eleventh to thirteenth centuries—as well as through intermarriage, the Muslims had a lasting influence on Christian culture.  But just as science and religion have so often clashed to their mutual harm, this conflict brought an end to Muslim scholarship.  Muslim leaders became more concerned with promoting piety and mysticism than science, leading to a precipitous decline in the latter.  

Jewish Science

The Jews of ancient Alexandria constituted as much as 20% of the population and were actively engaged in its intellectual life until St. Cyril expelled them from the city.  Antisemitism grew all the more pernicious through the Middle Ages and drove European Jewry into a position of mysticism and hopes for messianic redemption.  The Jews of the Middle Ages contributed little if any scientific vocabulary, but it was mostly through Muslim and Jewish scholarship that Greek scientific literature remained accessible to the West.  During the Moorish domination of Spain, Jewish scholars studied at Muslim universities and translated Arabic scientific literature.  European Jews also contributed importantly to the survival of medicine.  In an era when the Holy See forbade Christians to dissect cadavers, the study and teaching of anatomy fell by default mainly to Jewish physicians.  Even as medieval Christianity persecuted the Jews, it was anxious to learn and use Jewish knowledge in the healing arts. A school of seamanship was founded in Portugal in 1420 which absorbed Muslim and Jewish advances in scientific geography, cartography, astronomy, and engineering.  Thus, it was Judeo-Muslim science and technology that made possible Christopher Columbus’s voyage to the Western Hemisphere in 1492.  This and subsequent voyages of exploration and colonization later contributed to the enormous growth of biological vocabulary as names were needed for a multitude of newly discovered species of plants and animals. 
The Renaissance and Modern Science

The Renaissance

A refreshing intellectual freedom swept through Europe in a movement, beginning in the fifteenth century, called the Renaissance (“rebirth”) in Italy and Humanism elsewhere on the continent.  The movement began in Italy because its geography and maritime trade relations made it a more cosmopolitan nation than others—jutting into the Mediterranean, it was a natural crossroads for shipping lines between western Europe and the Near East.  People of many cultures met and interacted here, exchanging not only goods but also ideas.  


In 1453, Constantinople was conquered by the Turks, becoming Istanbul, its current name.  Refugees fled to Italy with a stock of salvaged Greek manuscripts, thus reintroducing Greek thought to western Europe.  This literature had little immediate effect on science, but would do so later when French philosopher Pierre Gassendi published commentaries on Epicurus in 1647 to 1649, reintroducing European scientists to speculations of the Greek materialist philosophers on the ultimate nature of matter.

The Printing Press

In 1460, the first printing presses with movable type began to roll in Italy, and master printers began making Greek texts available in quantity all over Europe.  The rise of printing touched off increasing religious foment by increasing the availability of mass-produced translations of the Bible and patristic literature (literature by or concerning the Church founders)—including the first New Testaments available in German and English.  This movement climaxed in the Protestant Reformation of the sixteenth century.  


Printers also, however, began mass-producing nautical almanacs and textbooks of Hindu and Muslim mathematics.  As books became cheaper and more widely available, and as the general level of literacy rose in Europe, the stage was set for a reformation in the language of science as well.

The Decline of Latin and Rise of the Vernacular

In the Middle Ages, European university students could travel freely from one university to another without encountering language barriers to their education.  Whether they studied in Poland, Germany, France, Spain, or Italy, their courses were taught in Latin.  But the rise of printing and the increasing availability of translations contributed to a decline in Latin as the universal language of scholarship.  Some professors—Galileo, for one—began teaching in their own native (vernacular) languages in order to make knowledge more widely accessible.  Schools called the Lincei were formed in Italy to promote scientific communication between scientists and inventors, and conducted their everyday proceedings in the vernacular.  At the same time, the Protestant Reformation dislodged Latin as the universal language of worship.  On the whole, public familiarity with Latin declined as it became less and less necessary.  When the British Royal Academy and the French Academy of Sciences were founded, they followed the lead of the Lincei and used English and French, respectively, not only for oral communication but also for their publications.  The decline in Latin is exemplified in the writings of Sir Isaac Newton, who published his Principia in Latin in 1687 but switched to English for his 1704 work, Opticks.

The Quest for International Understanding

The shift to the vernacular made it easier for scholars to communicate with inventors and tradesmen, but the declining familiarity with Latin made it more difficult for them to communicate internationally with each other—precisely at a time when the fast pace of scientific discovery and invention made international communication all the more necessary. Great mathematicians and scientists such as Robert Hooke (1635–1703), Christian Huygens (1629–95), Gottfried Leibniz (1646–1716), and Evangelista Torricelli (1608–47) and worked in countries as diverse as Britain, Holland, Bohemia, Italy, France, and Germany.  Scientific leaders became increasingly aware of the need for an international scientific language, and even tried to invent one.  The Royal Society commissioned Bishop Wilkins in 1664 to research and devise an auxiliary scientific language, which he published as the Real Character in 1668.  Working independently, George Dalgarno of Aberdeen published a similar artificial language, the Ars Signorum.  Both of these bore similarities to Chinese pictograms and possibly drew inspiration from an international sign language proposed by René Descartes, but neither of them caught on.  Languages evolve slowly, and manufactured languages (such as the more recent Esperanto) have never been successful.  Besides that, the Real Character and Ars Signorum were too inflexible and difficult to remember, and had no advantage over the Latin they were meant to replace. Of more lasting significance were the aims of the chemist Antoine Lavoisier (1743–94) and the botanist Carolus Linnaeus (1707–78) to reform scientific vocabulary in a piecemeal fashion.


Latin has certain shortcomings when it comes to the naming of things of science.  The Romans engaged very little in science or invention, and their language had a rather small vocabulary and simple grammar.  It’s questionable whether Latin ever would have sufficed to communicate the wide-ranging and subtle speculations of the more intellectual Greeks. Even the Roman poet Lucretius lamented in De Rerum Naturae (Of the Things of Nature):
I know how hard it is in Latin verse

To tell the dark discoveries of the Greeks,

Chiefly because our pauper speech must find

Strange terms to fit the strangeness of the thing.

But the Romans did assimilate some Greek vocabulary and imposed their own spelling conventions on it, so Latin contains latent elements of Greek.  When science needed new terms to keep up with the pace of discovery in the eighteenth century, it was relatively easy to turn once more to Greek.  By 1700, English scientific vocabulary had already absorbed from the Greek such words as therapeutic, hydrophobia, genus, theorem, rhythm, physiology, phenomenon, nephritis, microscope, and psoriasis.  But what was a mere trickle of Greek words in 1700 became a flood by 1800, stimulated by the fast pace of discovery of things that needed to be named: instruments of measurement, chemical substances, living organisms, and anatomical features.  The growth of biological knowledge from the time of Alexandria until the seventeenth century was trivial compared to what soon followed.  But in the seventeenth and eighteenth centuries, biology grew at an explosive rate as a result of commercial horticulture in the Netherlands; colonization of the New World and expansion of trade with the Far East, introducing Europeans to new species from both places; and invention of the microscope, which not only exposed science to a hitherto unexpected realm of life but also provided history’s greatest tool for the refinement of anatomical knowledge.


For now, we will end the story at this point, having ushered in the age of modern science and studied the parallel rise of the English language and scientific vocabulary.  In later chapters, we will briefly address the relatively recent systems of international standard vocabularies in such areas as chemistry, taxonomy (the naming and classification of organisms), and anatomy.  A few of the later chapters will have reminders of this one, and will trace the development of biological and medical vocabulary from these roots into the twentieth century.

Chapter 1 Exercise

History of the Language of Science
Name:


Exercise 1.1—Fill in the blanks based on your reading.



1.
The murder of ___ marked the transition from the ancient era to the Middle Ages.



2.
That transition was also marked by the burning of the Library and Museum at ___.



3.
Etymology, linguistics, and cultural history compose the field of ___.



4.
The philosophy of ___ was a medieval preoccupation with mysticism and interpretation of the works of ancient masters, but an absence of original research.



5.
Constantinople, an early seat of Christian scholarship, is now named ___.



6.
The place name England is derived from a Germanic tribe called the ___.



7.
Many French words were introduced into the English language as a result of the ___, a military victory in 1066.



8.
When the Holy See forbade Christians to dissect cadavers, it was mainly the ___ who taught anatomy.



9.
In what culture or religion did Arabic numerals and the number zero originate?



10.
What medieval institution most resembled the former Library and Museum of Alexandria, and where was it located?

Exercise 1.2—Identify the language in which the following English words originated.


1.
aardvark

 


2.
kidney




3.
egg




4.
chemistry




5.
influenza





6.
opossum




7.
therapeutic




8.
alligator




9.
Cambrian




10.
vampire



Exercise 1.3—Answer the following briefly, in the space provided.  Use your own words; don’t copy the wording in the book.  (That would be plagiarism.)


1.
Why didn’t the ancient Romans produce as rich a scientific vocabulary, or even as complex a language, as the ancient Greeks did?


2.
What were some factors that led to the downfall of the once-lively intellectual culture of Alexandria?


3.
How did the Museum at Alexandria differ from the museums of today?  What modern institutions are more like the one at Alexandria?


4.
How did the poverty of the Middle Ages contribute to the evolution of so many different languages from Latin?


5.
How did the relationship of university students to their professors in the Middle Ages differ from the relationship that exists today?


6.
What are some scientific or related fields that were invented, or virtually so, by the Muslims?


7.
In what way was Christopher Columbus’s first voyage made possible by Jewish and Muslim scientists?


8.
In what way did invention of the printing press contribute to the decline of Latin as a universal language of western scholarship?

Chapter 2

The Greek Alphabet

I

t remains useful today to know the Greek alphabet because it affords a ready-made list of characters, most of which are not easily confused with the letters of our Latin alphabet, which can be used to symbolize and name things in science.  Consequently, many things in the natural sciences are named with Greek letters and will go on being so.  You must be able to recognize that if a psychology textbook speaks of theta waves of the brain and a neurophysiology textbook refers to ( waves, both are referring to the same thing.  So, too, are a genetics textbook that speaks of the chi-square test and a statistics book that provides a reference table of critical values of (2.  Fraternity and sorority members may have a head start on learning the Greek alphabet, but so do students who have had the honor of being inducted into the Beta Beta Beta (BBB) Biological Honorary Society, the Society of Sigma Xi (((), or Phi Kappa Phi (((().

1.  The Alphabet

Table 6.1 presents the Greek alphabet in uppercase and lowercase symbols, the names of the letters, and transliterations to the Latin alphabet, in that order.

Table 6.1     The Greek alphabet and transliterations to the Latin alphabet


A
(
alpha
a
N
(
nu
n


B
(
beta
b
(
(
xi
x


(
(
gamma
g, n
O
(
omicron
o


(
(
delta
d
(
(
pi
p


E
(
epsilon
e
P
(
rho
r, rh


Z
(
zeta
z
(
(, s
sigma
s


H
(
eta
e
T
(
tau
t


(
(
theta
th
Y
(
upsilon
y, u


I
(
iota
I
(
(
phi
ph


K
(
kappa
k
X
(
chi
ch


(
(
lambda
l
(
(
psi
ps


M
(
mu
m
(
(
omega
o


2.  Some Applications

There are innumerable examples of the use of Greek letters in science.  In biochemistry, we speak of the ( and ( chains of hemoglobin; the (, (, and ( globulins; and ( carotene.  Glucagon and insulin are secreted by the ( and ( cells of the pancreas, while the pituitary goes one better by having (, (, and ( cells.  In human anatomy, we had the sigmoid (S-shaped) colon, the lamboid ((-shaped) suture of the skull, and the optic chiasma (X-shaped) where the optic nerves cross.  In neurophysiology, we speak of (, (, (, and ( waves of the electroencephalogram (EEG).  In cytogenetics, chiasmata (also named for chi) are places where homologous chromosomes cross over during early meiosis.  In animal behavior, the members of a dominance hierarchy are denoted ( (as in (-male or (-female), (, (, (, and so on, with the lowest-ranking member sometimes denoted (.


Physicists, mathematicians, and statisticians (including biometricians) communicate in especially symbolic languages, making liberal use of Greek.  A capital sigma (() denotes summation, a lowercase sigma ((, s) indicates standard deviation, ( represents an angle, (2 gives a measure of the statistical significance of a difference between two data sets, and most of us know the value of ( to at least a few decimal places.  In physics and photobiology, the wavelength of light is denoted by (, its frequency by (, and its quantum energy by (.  Electrical resistance, measured in ohms, is symbolized (.  The uppercase delta (() is often used to symbolize a change in something, such as (T for a change in temperature.  In chemistry, it symbolizes the addition of heat to a chemical reaction.  The lowercase delta (() is used to indicate a positive or negative charge less than the unit charge of a single proton or electron ((+ and (–).  Some subatomic particles are named for Greek letters, such as pi-mesions or pions (from () and mu-mesons or muons (from ().  In the metric system, ( stands for micro-, or 10-6, as in micrometers ((m), microliters ((L), and micrograms ((g).  

3.  This Week’s Drill

For this week, learn the meaning of the following 10 word elements and be able to state a biological or medical word using each one, be able to spell out the names of the 5 Greek letters listed, and be able to write the uppercase and lowercase Greek characters for the five letters spelled out in the fourth column.  (No far looking at table 6.1—cover it up!)


acro-
oste-
(
omega


-al
para-
(
beta


carcino-
pod-
(
phi


eco-
pyro-
(
nu


juxta-
sexi-
(
theta

Chapter 3
Basic Word Elements
T

his unit will show the basic components of scientific terms and should give you a beginning appreciation of how a long word can be broken down into familiar, meaningful elements.  

1.  Basic Word Elements

Typically, a word has two or more of the following components:

· A prefix,
 which is one or more syllables added to the beginning of a word to modify its meaning.  The word gastric (“pertaining to the stomach”), for example, changes meaning if we add the prefix hypo- and make in hypogastric (“below the stomach”).

· A word root (stem, base) which bears the core meaning of a word, such as gastr- in the above example.  Many scientific words have more than one root, such as gastroin​testinal.

· A combining vowel, often inserted between the other word elements to make the word easier to pronounce—more euphonious.
  For example, if we were to combine the word elements hem (“blood”) + cyt (“cell”) + blast (“forming”) to form hemcytblast, the result would be rather ugly and difficult to pronounce—or dysphonious.  To make it less awkward, we insert the letter o between the word elements, creating the word hemocytoblast (a cell of the bone marrow that produces blood cells). The letter o serves here as a combining vowel.  Not all words use or need them.  For example, there is no combining vowel in cryptorchidism
 (“hidden testes”).  

· A suffix
 may be added to the end of a word to change its meaning or give it a grammatical function.  For example, the words microscope, microscopy, microscopic, and microscopist have very different meanings because of their suffixes alone.  Prefixes and suffixes are collectively called affixes.


Following are a few examples to illustrate how we can recognize these basic word elements in larger medical terms.

1.  gastr / o / enter / o / log / y

gastr 
= a word root meaning “stomach”

o
= a combining vowel

enter
= a word root meaning “intestine”

o
= a combining vowel

log
= a word root meaning “study”

y
= a suffix meaning “process”

Gastroenterology is a branch of medicine that deals with the stomach and intestines.

2.  electr / o / cardi / o / gram

electr 
= a word root meaning “electricity”

o
= a combining vowel

cardi
= a word root meaning “heart”

o
= a combining vowel

gram
= a suffix meaning “record of”

An electrocardiogram is a record of the electrical activity of the heart.

3.  peri / oste / um

peri 
= a prefix meaning “around”

oste
= a word root meaning “bone”

um
= a suffix meaning “thing”

The periosteum is a fibrous sheath that surrounds a bone.

4.  hypo / natr / em / ia

hypo 
= a prefix meaning “below normal”

natr
= a word root meaning “sodium”

em
= a word root meaning “blood”

ia
= a suffix meaning “condition”

Hyponatremia is a condition in which there is a deficiency of sodium ions in the blood.


In many of the exercises and exams you will write in this course, you will be called upon to divide and analyze words as we have done in the above examples.  When you do so, bear in mind that any word element isolated by slashes must have some meaning or function.  As an example of what not to do, some past students have divided words like this:

en / do / crin / o / lo / g / y

As you develop some experience, you will recognize that do should not stand alone, as it has no meaning.  You will not find it in the lexicon at the back of this workbook.  In addition, while a combining vowel can stand alone, no consonant can ever stand alone.  Thus the isolated g above must be combined with one of the other word elements.  The proper subdivision of endocrinology (the study of hormones and the glands that produce them) is:

end / o / crin / o / log / y

end 
= a prefix meaning “into, within”

o
= a combining vowel

crin
= a word root meaning “to secrete”

log 
= a word root meaning “study”

y
= a suffix meaning “process”

2.  Combining Vowels and Combining Forms

The letter o is the most common combining vowel, but all six vowels (including y) can be used for this purpose.  The words below show examples of each.  The combining vowel in each is boldfaced and underlined.

myriapods
—millipedes, centipedes, and certain other multilegged arthropods

glycogenesis
—synthesis of glycogen by liver cells and certain other cells

oviduct
—the egg-carrying tube that extends from the ovary to the uterus

karyokinesis
—division of the nucleus of a cell
quadruped
—any four-legged vertebrate animal
tachycardia
—an abnormally fast heartbeat

Combining vowels must not be overused.  If a suffix begins with a vowel, it is not preceded by a combining vowel.  For example, we write oncogenic (tumor-producing), not oncogenoic.  The i beginning the suffix -ic makes the word adequately euphonious without need of another vowel after gen-.  In examles 3 and 4 earlier (periosteum and hyponatremia), note that there are no combining vowels.  If a suffix begins with a consonant, however, it is usually preceded by a combining vowel.  Thus, we write parasitology, not parasitlogy.


To avoid a common student error, note that a combining vowel can never occur at the beginning or end of a word, such as a final -e or -y.  A combining vowel is a connector.  It cannot connect anything if it is the first or last letter of a word, but only if it is between two other word elements.


The combination of a word root and a combining vowel is called combining form.  If you look up forms such as gastro- in a dictionary (Merriam Webster’s Collegiate Dictionary, for example), you will see the abbreviation comb form, indicating that this is a combining form.  The analysis of scientific words is simplified if we break them down into combining forms, as in the following examples.

1.  thrombocytopenia (an abnormally low platelet count)

thrombo 
= a combining form meaning “blood clot”

cyto
= a combining form meaning “cell”

penia
= a suffix meaning “deficiency”

2.  ultrasonography (viewing the body’s interior with reflected ultrasound, often used to examine a fetus in the uterus)

ultra 
= a prefix meaning “beyond” or “extreme”

sono
= a combining form meaning “sound”

graphy
= a suffix meaning “recording process”

3.  somatomammotropin (a hormone of pregnancy that promotes growth of maternal and fetal tissues and development of the mother’s mammary glands in preparation for lactation)

somato 
= a combining form meaning “body”

mammo
= a combining form meaning “breast”

trop
= a word root meaning “to change”

in
= a suffix meaning “substance” or “chemical compound”

3.  Obscure Word Origins

The ability to analyze words as we have done above will be a highly valuable skill as you go on to more advanced coursework in college, medical school, or other settings.  It will enable you to become more comfortable with scientific terminology and to approach new subjects with more confidence.  However, breaking words down into their components and looking up the literal meanings of roots and affixes is not always as enlightening as in the above examples.  Such analyses may leave you more baffled than you were before, as the literatal translation of a scientific word can do more to obscure than illuminate the word’s true meaning.  Exploring how such words got to be written as they are today can, however, be the most fun, often delightfully surprising, part of this subject.


The vomer, for example, is one of the 22 bones of the human skull.  It forms the lower one-third of the nasal septum.  If you look this word up, you will find that it means “plowshare,” which seems baffling, especially if you have never spent time on a farm.  But if you have ever seen the blade of an old horse-drawn plow, and if you look at a median section of the skull so this bone is exposed to view, you will see a striking resemblance that justifies the name.  Many medical terms were introduced into our language by ancient Greek and Roman anatomists, as we saw in chapter 1.  Understandably, they often named things after objects that were familiar to them, but which may not be familiar to most people living today.


Another example is the acetabulum, the deep hip socket into which your femur (thigh bone) is inserted.  This word is also used for the ventral sucker of certain flukes (parasitic flatworms).  The literal meaning of acetabulum is “vinegar cup.”  While a salt and pepper shaker are common on the dining tables of today, a more common condiment on the dinner tables of ancient Rome was vinegar, served in the small cups for which these anatomical structures are now named.


Cancer, that most dreaded of diseases, shares its name with one of the constellations of the night sky, “The Crab.”  Have you ever wondered why?  If you look up the word, you will find “crab” to be its literal meaning.  The disease acquired this name because malignant tumors tend to become infiltrated with a tortuous mass of swollen blood vessels that reminded early pathologists of the legs of a crab.


Ecology, the study of organisms in relation to their habitat, is named from the root eco- and the suffix -logy.  At this point in the chapter, the suffix should be instantly recognizable to you, but what does eco- mean?  This root is derived from the Greek oikos, meaning “house.”  While this may make ecology look like something akin to architecture or home economics, the word makes more sense if you consider that house was considered a sufficiently close Greek approximation to habitat when the word was coined.


The amnion is a transparent membrane that surrounds the developing fetus of a mammal or the embryo in a reptile’s or bird’s egg.  If you look up this word, you will find its literal meaning is amnos, “lamb.”  This hardly seems to make sense.  From the original meaning “lamb,” however, amnos came to mean a bowl for catching the blood of a sacrificial lamb at an altar.  From this—and perhaps its bloody appearance in the afterbirth and the lamblike innocence of a newborn baby—the word came to be applied to the fetal membrane.


The testicles, you will find if you look up the word, are named “little witnesses” (testi- = witness, evidence + -icle = little).  Why they were named this has been a matter of amusing conjecture among etymologists.  One speculation is that an anatomists whimsically named them testicles because they are in a favorable position to “witness” our most intimate behavior.  Another is that the term originated in ancient Hebrew courts, where only men were allowed to testify—women being considered by the chauvinists of the day to be unreliable witnesses.  Just as witnesses in today’s courts may be sworn in by raising their right hand or placing it on a Bible, in Hebrew courts the court officer and the witness were to grasp each other’s scrotum during the swearing-in.  Yet a third speculation dates to the Medieval Catholic Church, where (and even into the twentieth century) many men submitted to castration to preserve their boyish alto voices.  Such men were called castrati (singular, castrato).  It was not permissible for a castrato ever to become Pope, since the Pope’s example of moral purity would be meaningless if he lacked sexual urges to be chastely resisted.  Therefore, a candidacy for the papacy was examined in a special chair to confirm that he had testicles—that is, the testicles served as evidence of a person’s suitability to be considered for high office in the Church.


It is a matter of personal opinion whether to consider these vagaries of etymology to be part of the historical beauty of our language or part of the frustration inherent in trying to understand how it came to be.  But in any event, biology students should be forewarned that literal translations are sometimes unenlightening or even misleading. 

4.  Acronyms

Another reason you may have trouble tracing the origins of some words is that they are acronyms or eponyms.  An acronym
 is a word composed of the initial letter or letters of a series of words in a compound term.  For example, scuba is an acronym derived from the phrase self-contained underwater breathing apparatus.  When acronyms first enter the language, they often are written in all-capital letters with periods—S.C.U.B.A. In time, as an acronym becomes more familiar, people tend to drop the periods—SCUBA—and finally, even the capitals.  This can lead us to frustrating efforts to find nonexistent roots such as scub- in the dictionary.


You might have similar difficulty looking up the origin of arbovirus, the term for viruses such as the yellow fever virus, transmitted by mosquitoes.  At first glance, you might think it had something to do with trees (arbor = tree).  Arbovirus, too, is an acronym, composed from the words arthropod-borne virus.  Notice that acronyms sometimes use more than the first letter of each word.  Some more acronyms are listed below.  See if you can pick out the letters used to compose each one.

sonar, an engineering term derived from sound navigation ranging

radar, an engineering term derived from radio detection and ranging
quasar, an astronomical term derived from quasi-stellar radio source
pulsar, an astronomical term derived from pulsating quasar
bit, a computer term derived from binary digit
anova, a statistical technique named from analysis of variance
calmodulin, an intracellular protein named from calcium modulating protein
warfarin, an anticoagulant drug named for the Wisconsin Alumni Research Foundation

Some purists dislike the invasion of scientific language by so many obscure acronyms, but like it or not, they are unlikely to disappear from common usage.  When a newly encountered word does not lend itself to easy etymological analysis, keep two possibilities in mind:  the original word roots may have changed beyond recognition over centuries of use, or the word may be an acronym only a few years or decades old. 

5.  Eponyms

An eponym
 is a term coined from a person’s name, usually in honor of a prominent authority in the field or, in medicine, sometimes coined from the name of a patient who first or most famously exhibited the named condition (such as Lou Gehrig’s disease).  After the end of the Middle Ages, medical discovery grew at an explosive pace and scientists needed to conceive of a multitude of names for new things.  Anatomists often named structures in honor of their professors, but after 300 to 400 years of this, terminology became hopelessly confused.  Terms such as “the disease of Philip” or the “duct of Santorini” obviously are not very helpful, and yet personal, professional, and even national egos became embroiled in medical terminology and the practice of eponyms got out of hand.


Many authorities now advise against this practice because eponyms give no clue to the identity, appearance, or function of a structure or the nature of a disease.  Scientists are tending to use eponyms less than they used to, and textbooks are beginning to replace them with more descriptive names (such as intestinal crypts replacing crypts of Lieberkühn).  Fortunately, muscles, ligaments, bones, nerves, and cartilages are no longer named after famous anatomists but have more useful and descriptive names.  Nevertheless, some are likely to go on naming things in honor of their predecessors, and there is nothing for the rest of us to do but memorize these by rote.  Some examples are:

crypts of Lieberkühn—glandular pits in the small and large intestines


Johann N. Lieberkühn (1711–56), German anatomist

bundle of His—an electrical conduction pathway in the heart


Wilhelm His, Jr. (1863–1934), Swiss physician

Golgi apparatus—a cell organelle


Camillo Golgi (1843–1926), Italian histologist

Graaffian follicle—a fully developed follicle of the ovary, ready to release an egg


Regnier de Graaf (1641–1673), Dutch anatomist and physician

Stenson’s duct—the secretory duct of the parotid salivary gland


Nicholaus Stenson (1638–86), Danish anatomist

Pacinian corpuscle—a pressure sensor in the skin and some internal organs


Filippo Pacini (1812–83), Italian anatomist

Fallopian tube—the oviduct, the tube from ovary to uterus


Gabriele Fallopio (1523–62), Italian anatomist

Christmas factor—one of the blood clotting factors (antihemophiliac factor B)


Surname of a child with a form of hemophilia later called Christmas disease
Lou Gehrig disease—a nerve disorder (amyotrophic lateral sclerosis, ALS)


Henry Louis Gehrig (1903–41), U.S. baseball player

Benedict test—a chemical test for glucose and other reducing sugars


Stanley R. Benedict (1884–1936), U.S. chemist

Pap smear—a cytological test for cervical cancer


George N. Papanicolau (1883–1962), Greek–U.S. physician and cytologist


You may have noticed that some eponyms are variations in the spelling of a person’s name.  Thus we have pacinian corpuscles, the pap smear, fallopian tubes, graaffian follicles, darwinian evolution, lamarckism, and so forth.  There are differences of opinion as to whether or when these should be capitalized.  As a general rule, the more widely used a term becomes, the less likely it is to be capitalized.  You will rarely see fallopian tubes capitalized, for example, but you will often see Darwinian with a capital D.  If you should ever publish your work, you will probably find rules for this set by your editor.  One such rule, though not followed by all, is that if the term retains the original spelling, the eponym should be capitalized (bundle of His, Golgi apparatus), whereas if the person’s name has been modified, it is not capitalized (darwinian, lamarckism, graaffian).  For most student purposes, you are probably on safer ground to capitalize even these; professors are more likely to object to the lack of a capital than to the unnecessary capitalization of an eponym.

6.  This Week’s Drill

By the end of this course, you should ideally have acquired a functional vocabulary of 200 to 300 common biomedical word elements.  With these, you will be able to handle future coursework with greater ease.  For this week, learn the meaning of the following 20 word elements and be able to state a biological or medical word using each one.


-blast
entero-
hypo-
pre-


cardio-
eu-
-log
quadru-


crypto-
gastro-
micro-
somato-


cyto-
-gram
natri-
sub-


endo-
hemo-
ovi-
tachy-

Chapter 3 Exercise

Basic Word Elements
Name:


Exercise 2.1—Use diagonal slashes to separate each word below into its smallest meaningful units.  The numbers in brackets indicate how many slashes there should be.  Place slashes carefully to pass between letters, not through them.  Answer in pencil to make corrections neater.

Example:  gastr/o/enter/o/log/y (5)

1.
abaxial(3)
6.
phyllosphere(2)


2.
coliform(2)
7.
sarcolemma(2)

3.
endocrinology(5)
8.
quadriradial(4)

4.
monophyodont(3)
9.
autolysis(2)

5.
myocardium(3)
10.
phytochrome(2)
Exercise 2.2—Identify and define the two most significant word elements in each of the following words, using the format of the example.

Example:  gonorrhea
gono (genitals, seed) + rhea (flow, discharge)


1.
calorimeter



2.
elasmobranch

 


3.
gastropod



4.
gingivitis



5.
heterophyllous



6.
hydrophilic



7.
rhizoid



8.
spermatocyte



9.
stenophagous



10.
xenophobia

 

Exercise 2.3—Double-underline the combining vowel(s) in each word.  If there are none, write “none” next to it.

Example:  electrocardiogram

1.
coliform
6.
porcupine

2.
stomatopod
7.
centipede

3.
glioma
8.
telencephalon

4.
periodontal
9.
bradypnea

5.
radioisotope
10.
syndactyly

Exercise 2.4—Write a concise definition and etymology of each of the following words.  You will find it helpful to consult a dictionary and emulate that style of writing, but do not quote a dictionary definition; use your own words.  Also, do not give a literal translation of the word elements.  For example:

Example:  phototropism—A growth process that causes a plant to bend toward the light.  (photo = light; trop = bend; ism = process).
A literal translation of this would be “a process of bending light,” but note that this is not a correct definition of phototropism.


1.
arteriosclerosis

 


2.
photoautotrophic

 


3.
saprophagous

 


4.
perianth

 


5.
parthenogenesis

 

Chapter 4
Prefixes

A

ffixes (prefixes and suffixes) greatly increase the flexibility of language.  For example, a comprehensive medical dictionary typically has between 100 and 200 words beginning with gastr- (“stomach” or “belly”), differing from each other in the other roots and the suffixes combined with them.  A few examples that differ only in their suffixes are:

gastric
pertaining to the stomach

gastritis
inflammation of the stomach

gastralgia
pain in the stomach

gastrologist
a specialist on the stomach

gastrectomy
surgical removal of the stomach

gastrotomy
making an incision into the stomach

Many more words can be formed by putting a prefix before gastr-, for example:  

digastric
a jaw muscle with two bellies

epigasatric
above the stomach

hypogastric
below the stomach

retrogastric
behind the stomach

endogastric
within the stomach

This chapter and the next one are concerned with prefixes, and chapter 5 discusses suffixes.  

1.  Assimilation of Prefixes

A prefix sometimes acquires a new spelling when it is added to a word root.  For example:

ad (to) + fer (carry)
( afferent

ad (to) + clim (climate)
( acclimate

ad (to) + glut (sticky)
( agglutinate

ad (to) + pend (hang)
( appendage

ex (out) + fer (carry)
( efferent

ex (out) + fluv (flow)
( effluent

in (not) + pur (pure)
( impure

syn (together) + metry (measurement)
( symmetry

syn (together) + path (feeling)
( sympathy

con (together) + later (side)
( collateral


Indeed, there are two assimilated affixes in this very sentence.  Can you identify them? 


The modified spellings of prefixes are called their assimilated forms.  In complete assimilation, the last letter of the prefix is changed to match the first letter of the root that follows it.  In partial assimilation, the last letter of the prefix is changed, but to something other than the first letter following it.  Thus, the prefixes of afferent and collateral show complete assimilation, while the prefixes of impurity and sympathetic show partial assimilation.  


Be careful to note, however, that double consonants do not always indicate assimilation.  For example, the word adductor (a muscle that draws two structures closer together) may appear to have an assimilated prefix, but does not.  It is composed of ad- (toward) + duct (carry, lead) + or (that which).

2. Dropping and Adding Consonants

Consonants are sometimes doubled or dropped when affixes and roots are combined.  For example:

trans (across) + sect (cut)
( transect (dropped s)

a (without) + rhythm (rhythm) + ia (condition 
( arrhythmia (double r)

hemo (blood) + rhag (burst forth, discharge)
( hemorrhage (double r)

3.  Prepositions

Many or most common biological prefixes function as prepositions.  A preposition is a word combined with a noun or pronoun to form a phrase that modifies another word in a sentence.  A prepositional phrase functions as an adjective or adverb.  


The mesoderm is a layer between the ectoderm and endoderm.

In this sentence, between is the preposition and between the ectoderm and endoderm is the prepositional phrase.  This phrase serves as an adjective modifying the subject, mesoderm.  



Blood flows from the renal veins into the inferior vena cava.

Here, from and into are prepositions, and both from the renal veins and into the inferior vena cava are prepositional phrases that function as adverbs to modify the verb flows.  The most commonly used prepositions are listed in table 3.1.  

Table 3.1     The most common prepositions

about
before
for
on
throughout

above
behind
from
onto
to

across
below
in
opposite
toward

after
beside
inside
out
under

against
between
into
outside
until

along
beyond
like
over
up

among
by
near
past
upon

around
down
next
since
with

as
during
of
than
within

at
except
off
through
without


A prepositional prefix is not a stand-alone word, but a prefix added to another word to create, usually, an adjective or adverb.  Table 3.2 lists some prepositional prefixes commonly used in biomedical terms, with examples of their usage.  These are among the most valuable word elements because they are used in so many differerent fields of science, unlike many other elements we will cover in later chapters that are related to specific disciplines.

Table 3.2     Prepositional prefixes in biology and medicine.  Assimilated prefixes are listed in assimilated form.  Thus, ad- and af- are native and assimilated forms of the same prefix but are listed separately.


Prefix
Meaning
Example of use
 


ab-
away, from
aboral, abduction


ad-
to, toward, near, against
adductor, 


af-
to, toward
afferent


ag-
to, toward, against
agglutinate


ana-
up
anabolic


ante-
before, in front of
antenatal, anterior



anti-
against
antibiotic, antivenom


apo-
away
apoenzyme, apoptosis


cata-
down
catabolism, catadromous


circum-
around
circumoral


co-
with, together
coenzyme, coagulate


com-
together
commissure, commensal


contra-
against
contraceptive


de-
down
defecation, deglutition


dia-
through
dialysis, diapedesis


dis-
apart
dissociation


dist-
far away
distal


e-
out
evacuation


ec-
out
ecdysis


ecto-
outside, external
ectoplasm


em-
in, within
embolism


endo-
within, internal
endoscopy, endoplasmic


epi-
upon, above
epidermis, epiphysis


eso-
inward
esophagus


ex-
out
exsanguination


exo-
outside, outward
exoskeleton


extra-
outside
extracellular


hyper-
above, excessive
hypertrophy


hypo-
below, deficient
hypodermis


in-
into
inspiratory


infra-
below
infrared, infrasonic


inter-
between
intercellular, interosseous


intra-
within
intramuscular


juxta-
next to
juxtaglomerular


meso-
middle
mesoderm


meta-
beyond, after, next
metacercaria


ob-
against, facing
obstetrics, obturator


opistho-
behind, toward the rear
opisthognathous


para-
beside, next to
parasite


per-
through
perfusion


peri-
around
periosteum, pericycle


post-
behind, after
postnasal, postprandial


pre-
in front of, before
prenatal



pro-
favoring, before
progesterone, prophase


proso-
in front
prosencephalon


prostho-
near
prosthetic 


proximo-
near
proximal


re-
again, behind
repolarize


retro-
back, behind
retrograde


sub-
below, under
subcutaneous


super-
above, over 
supernatant, superciliary


supra-
above, over
supraclavicular


sym-
together, with
symbiosis, symphysis


syn-
together, with
syndactyly


tele-
remote, distant
telemetry, telescope


trans-
across, through
translucent, transdermal


ultra-
beyond, extreme
ultraviolet

4.  This Week’s Drill

For this week, learn the meaning of the following 20 word elements and be able to state a biological or medical word using each one.


ab-
circum-
ecto-
intra-


ad-
co-
epi-
peri-


ana-
com-
exo-
post-


ante-
dia-
extra-
sym-


anti-
dis-
hyper-
trans-

Chapter 4 Exercise

Prefixes
Name:


Exercise 3.1—Write a biological or medical term that uses each of the prefixes below.  Terms that are already in the Lexicon to this workbook or used as examples in this chapter are disallowed. 


1.
ab-



2.
ante-



3.
com-



4.
contra-



5.
dia-



6.
endo-



7.
hypo-



8.
infra-



9.
meso-



10.
peri-


Exercise 3.2—All of the following are visual conditions built on the root –opia.  Concisely define each condition, based on the different meanings of the leading root or prefix.


1.
myopia



2.
diplopia



3.
nyctalopia



4.
presbyopia



5.
amblyopia


Exercise 3.3—Insert a slash to separate the prefix from the rest of the word and then concisely state the meaning of the word.  The field of biology that each word pertains to is given in parentheses as a guide to citing the appropriate definition.

REVISION NOTE: CHANGE SOME WORDS THAT USE INDEFINITE QUANTITATIVE PREFIXES INTRODUCED IN CHAP. 4.

Example:  meta/cercaria (parasitology)— a stage in the life cycle of trematodes immediately following the cercaria.


1.
aponeurosis (human anatomy)


2.
didelphic (animal anatomy)


3.
exophthalmia (medicine)


4.
oligonucleotide (biochemistry)


5.
panhysterectomy (medicine)


6.
pericarp (plant anatomy)


7.
pliocene (paleontology)


8.
polysaccharide (biochemistry)


9.
prognosis (medicine)


10.
totipotent (developmental biology)

Chapter 5
Numerical Prefixes and

Standard International Units of Measurement

N

ext to prepositions, numbers denoting units of measurement are perhaps the most important prefixes in biology and medicine.  Systems of measurement probably emerged concurrently with agriculture, about 10,000 years ago, to serve the needs of land use and the distribution of produce.  Archeological remains in Mesopo​tamia have yielded standard weights and measures 5,000 to 6,000 years old. 

1.  Ancient Measurement Systems

Ancient systems of measurement were often based on body parts.  One of the most widely used measures was the Egyptian cubit, originally defined (3000 bce) as the length from the elbow to the extended fingertips but then standardized by a black granite royal cubit, against which all measuring sticks were calibrated. Its basic subdivision was the digit, a finger’s breadth, with 28 digits per royal cubit.  However crude this may seem, Egyptian measurement was precise enough that the four sides of the Great Pyramid of Giza vary by no more than 0.05% from their mean of 230.364 meters.  The oldest known unit of weight is the mina (about 640 grams) of Babylon.  The Hebrews, Hittites, Assyrians, and other tribes derived their systems mainly from the Egyptians and Babylonians.


The Greeks apparently borrowed their system of measurement mainly from the Egyptians and to some extent the Babylonians.  They passed them on to the Romans, who elaborated on them and spread their system throughout Europe during the expansion of the Roman Empire. It was the Romans who conceived of dividing the foot into 12 inches and who defined the mile
 as approximately 5,000 feet.  Our abbreviation lb for pound is from the Latin libra, meaning “scales.”

2.  The Metric System

After the decline of the Roman Empire, Europe fell into a state of political disunity in which several independent systems of measurement emerged, blending the old Roman system with elements borrowed from Scandinavia and Muslim countries.  No unification of measurements emerged until the eighteenth century, when the metric system was invented in a heady area of political reform (the French Revolution) and growth in manufacturing, commerce, and science.  The metric system was the first totally new system of measurement, not based on historic antecedents.  


The guiding ideas behind the metric system were that (1) It was to be a decimal system, in which all units were related by powers of ten, thus dispensing with the need to remember such arbitrary figures as 12 inches to the foot, 5,280 feet to the mile, and 16 ounces to the pound.  (2) It was to be based on something in nature that anyone, anywhere could verify, not on variable human body parts such as the foot or forearm.  At first it seemed that the most fundamental unit would be a measure of length.  Volume could be defined in terms of a cube with a certain length on each side, mass as the amount of water that would fill such a cube, and time by the beats of a pendulum of standard length. 


In 1670, Gabriel Mouton, the vicar of St. Paul’s Church in Lyon, France, proposed a decimal system that would take, as its starting point, a fraction of the circumference of the earth.  Mouton’s proposal was debated for 120 years until the French Revolution and creation of the new National Assembly of France made it possible to institute a decimal system officially.  The first official move to do so was a motion made in April 1790 to the National Assembly by Charles Maurice de Tallyrand, the Bishop of Autun.  The assembly responded favorably to his proposal, and King Louis XVI approved a law to research a fundamental constant of nature and to build a system of measurement upon it.  By March 1791, a committee recommended a unit of length, the meter,
 defined as 1/10-millionth of the distance from the North Pole to the equator, and attempted to define volume and mass in relation to this.  Although an important start, this system ran into difficulties over irregularities in the shape of the earth and the effect of temperature and impurities on the density of water.  Nevertheless, preliminary standards were adopted in 1795 and refined in 1799.  There were setbacks and restorations of these standards along the way, but as of 1840, they were  made mandatory throughout France by an act of the General Assembly.  By 1900, the system had been adopted throughout most of Europe and South America, although English-speaking countries continued to use systems stemming from the ancient Roman culture.   

3.  The English System

Britain and the colonies in America clung to the ancient Roman system, to which they chaotically added various new measures:  the rod (16.5 feet), the barley corn (1/3 inch), the furlong (1/8 mile), the acre (4 x 40 rods), the chain (22 yards), the troy ounce, the avoirdupois ounce, the stone (14 pounds), the bushel, various types of gallons.  The British Parliament redefined all English weights and measures in terms of the metric system in 1963.

4.  Measurement in the United States

When George Washington gave his first address to Congress in 1790, he appealed for a uniformity of currency and measures to replace the varying standards used by the former colonies.  The new nation adopted a decimal system for currency, developed by Thomas Jefferson, to replace the English pounds, shillings, and pence.  Jefferson was unsuccessful, however, in persuading Congress to replace the English system of weights and measures with a decimal system, which would have been a logical extension of the new system of currency.


The metric system did not begin to take root in the U.S. until 1863, when Congress created the National Academy of Sciences, and 1866, when the president signed into law an act making it legal, though not mandatory, to use metric measurement.  The first committee created by the National Academy was the Committee on Weights, Measures, and Coinage.  The growth of science in the U.S., the increasing need for international relations, and increasing involvement of American scientists in setting international standards helped spur wider acceptance of the metric system in the U.S. of the late 1800s.  By the end of the nineteenth century, the metric system had been universally adopted by science, although less so in engineering, commerce, and general public use.  Even today, there is strident resistance in the U.S. to abandoning the English system for the metric.  

5.  The International System (SI) of Weights and Measures

In 1957, the Soviet Union launched Sputnik, the first artificial satellite, and shocked the rest of the world into realizing the international strategic importance of science and engineering.  Science education had slumbered for the last few decades, but suddenly became a high national priority in the U.S.  An international offshoot of the space race was the modification of the metric system in 1960 to incorporate new scientific and technological advances.  It was renamed the International System of Units, or SI (for Système International d’Unités).  President Gerald Ford signed the Metric Conversion Act in 1975 “to coordinate the voluntary conversion to the metric system.”  The act did not make conversion mandatory, and it continues to be resisted by much of the public, but international commerce in such things as farm machinery, automobiles, optical equipment, electronics, and chemicals is bringing about gradual conversion.


The International System is based on seven base units of measurement and a number of derived units, obtained by multiplying or dividing two or more base units.  The base units and most of the derived ones are given in table 4.1.

Table 4.1     Base units and most of the derived SI units of measurement.  Base units are in boldface and derived units are listed under these.


SI unit and

Quantity
symbol
Definition or formula


Length
meter (m)
The distance that light travels through a vacuum in 1/299,792,458 second.

Area
square meter 
m2
Volume
cubic meter 
m3.  Note: a liter (L) is not an SI unit but 1 L = 0.001 m3.

Mass
kilogram (kg)
The mass of a platinum-iridium bar kept at the International Bureau of Weights and Measures near Paris.  Note: this is the only SI unit based on an artifact (manmade object).

Force
newton (N)
The force that accelerates a 1 kg mass by 1 m/sec/sec (kg.m/s2)

Pressure
pascal (Pa)
1 N/m2 
Energy
joule (J)
1 N.m

Power
watt (W)
1 J/s

Time
second (s)
9,192,631,770 cycles of radiation resulting from a specified change in the energy level of the cesium-133 atom.

Frequency
hertz (Hz)
cycles/s

Velocity
meters/second
m/s

Acceleration
meters/s2
m/s2
Current  
ampere (A)
The electrical current that will produce a force of 2 x 10–7 N/m between two parallel wires 1 m apart in free space.

Potential
volt (V)
1 watt per ampere (W/A)

Resistance
ohm (()
1 volt per ampere (V/A)

Temperature
kelvin (K)
A scale with the zero point being absolute zero (at which molecular motion ceases) and a reference point of 273.16 K at the triple point of water (where liquid water, ice, and water vapor are in equilibrium).




Note: the Celsius scale is derived from this, with 0(C = 273.15 K and every 1(C interval being 1 K.  

Chemical
mole (mol)
The amount of a substance that contains as many particles as there are quantity 



atoms in 0.012 kg of carbon-12.

Concentration  
moles/cubic meter
mol/m3
Light intensity  candela (cd)
The luminous intensity in a given direction of a source that emits monochromatic radiation at a frequency of 540 x 1012 Hz with a radiant intensity of 1/683 watt per steradian in that direction.

6.  Numerical Prefixes

Following Tallyrand’s proposal, the French Academy developed a list of prefixes for the powers and multiples of 10 to be used in the metric system. Greek prefixes were adopted for multiples of 10 (as in decaliter and kilocalorie) and Latin prefixes for fractions of 10 (as in millimeter and nanogram).  This system had its limitations, however, because there was no word for a number greater than 1,000 in Latin or 10,000 in Greek. Therefore, the metric system was extended by using less definite prefixes and by appropriating words from other languages.  Thus, the micro- in microliter simply meant “small,” but in the metric system it was assigned the specific meaning “one millionth.”  The mega- in megaton means “large,” but in the metric system it means “one million.”  The femto- in femtoliter (10-15 liter) is from femten, a Danish and Norwegian word meaning “fifteen.”


The following tables will serve as useful references for the most common numerical prefixes in biology. 

Table 4.2     Prefixes for powers of 10

Multiples of 10

Number

Prefix and symbol


1018
quintillion
exa- (E)

1015
quadrillion
peta- (P)

1012
trillion
tera- (T)

109
billion
giga- (G)

106
million
mega- (M)

103
thousand
kilo- (k)

102
hundred
hecto- (h)

10
ten
deca- (da)

Fractions of 10

Number

Prefix and symbol


10-18
quintillionth
atto- (a)

10-15
quadrillionth
femto- (f)

10-12
trillionth
pico- (p)

10-9
billionth
nano- (n)

10-6
millionth
micro- (()

10-3
thousanth
milli- (m)

10-2
hundredth
centi- (c)

10-1
tenth
deci- (d)

Table 4.2 follows the American system, which was originally modeled after the French.  Since then, however, the French system was changed to follow the British system, in which 109 is called a milliard, 1012 is a billion, and 1018 is a trillion.  There are additional differences between the systems, but at orders of magnitude so high that they have little bearing on biology and need not concern us here.  You should be alert to possible differences when reading literature from other nations.  Further differences between the American and British systems are explained and tabulated in Merriam Webster’s Collegiate Dictionary at the entry “numbers.”

Table 4.3     Latin and Greek prefixes for the cardinal numbers 1 through 10.

Number
Latin
Greek




1
uni-
mono-


2
bi-, duo-
di-


3
tri-
tria-, triado-


4
quadri-, quatri-
tetra-


5
quinque-
penta-


6
sex-, sexi-
hexa-


7
septem-
hepta-


8
octo-
octo-


9
novem-, nona-
ennea-


10
decim-
deca-

Table 4.4     Latin and Greek prefixes for the ordinal numbers first through fourth.

Number
Latin
Greek



first
primi-
proto-

second
secundo-
deuto-, deutero-

third
tertio-
trito-

fourth
quarto-, quarter-
tetarto-


7.  Metric Units in Biology

The most useful metric units of measure for biology are given in table 4.5.

Table 4.5     Metric units of measurement

Units of length
 (derived from the meter, m)




103 m
1 kilometer (km)


10-2 m
1 centimeter (cm)


10-3 m
1 millimeter (mm)


10-6 m
1 micrometer ((m)


10-9 m
1 nanometer (nm)


10-10 m
1 Ångstrom (Å)

Units of weight (derived from the gram, g)




103 kg
1 metric ton (M.T.)


103 g
1 kilogram (kg)


10-3 g
1 milligram (mg)


10-6 g
1 microgram ((g)


10-9 g
1 nanogram (ng)


10-12 g
1 picogram (((g)

Units of volume (derived from the liter, L or l)




10-1 L
1 deciliter (dL)


10-2 L
1 centiliter (cL)


10-3 L
1 milliliter (mL)


10-6 L
1 microliter ((L)


The micrometer ((m) used to be called the micron (().  You will still find the term micron used in some literature, but this and the Ångstrom are falling out of usage.  The milliliter (mL) can also be called a cubic centimeter (cc).

8.  Prefixes for Indefinite Quantities

Also very important in biology are prefixes that are quantitative, yet specify no exact number—prefixes that mean, for example, “many,” “few,” “more,” “none,” or “half.”  Such prefixes, with examples of their usage, are given in table 4.6.

Table 4.6     Prefixes denoting indefinite quantities

Prefix
Meaning
Example



ambi-
both
ambidextrous

amphi-
double, dual, both
amphiphilic

aniso-
unequal
anisogamy

artio-
even-numbered
Artiodactyla

demi-
half
demilune

didymo-
double, twins
epididymis

diplo-
double
diploid

equi-
equal
equidistant

haplo-
simple, single
haploid

hemi-
half
hemiplegia

holo-
whole
holoenzyme

iso-
equal
isotonic

meio-
less than
meiosis

mero-
part
merozoite

multi-
many
multigravida

myria-
many
Myriapoda

nulli-
none
nulliparous

oligo-
few
oligosaccharide

omni-
all
omnivorous

pan-
all
panhysterectomy

panto-
all
pantothenic acid

pauci-
few
pauciarticular

pauro-
few
Pauropoda

perisso-
odd-numbered
Perissodactyla

pleisto-
most
Pleistocene

plio-
more
Pliocene

pluri-
more
pluripotent

poly-
many
polypeptide

semi-
half
semilunar

sub-
less than
subacute

toti-
all
totipotent

9.  This Week’s Drill

For this week, learn the meaning of the following 20 word elements and be able to state a biological or medical word using each one.  Where possible, be able also to write each of these as a power of 10 (for example, 10​-15 if femto were on the list).  You will not be able to do this for prefixes that indicate ordinal numbers.


bi-
giga-
nano-
proto-


centi-
hexa-
octo-
tera-


deca-
kilo-
peta-
tetra-


deci-
mega-
pico-
trito-


deutero-
milli-
primi-
uni-

Chapter 5 Exercise

Numerical Prefixes and SI Units
Name:


Exercise 4.1—The words A through BB below all use numerical prefixes (not all of which are covered in this chapter).  Read the brief definitions following this list and fill in the letter of the word that you think best matches each.


A.
diploblastic
H.
protogynous
O.
multigravida
V.
oligochaete


B.
bivoltine
I.
diploid
P.
octopod
W.
protogravida


C.
trilaminar
J.
bivalent
Q.
paucitrichous
X.
difurcous


D.
decipede
K.
quartopodian
R.
decapod
Y.
univoltine


E.
nullipara
L.
tetrapod
S.
biped
Z.
multipara


F.
primigravida
M.
tritonymph
T.
deutonymph
AA.
haploid


G.
uniramous
N.
biramous
U.
polychaete
BB.
triploblastic



1.
A woman who is pregnant for the first time.



2.
A pregnant woman who has been pregnant before.



3.
A vertebrate animal with two legs, such as a bird or human.



4.
A vertebrate animal with four legs, such as a frog or horse.



5.
An insect that produces only one brood of young per year.



6.
An insect that produces two broods each year.



7.
An animal that produces only ectoderm and endoderm in the embryo, and has only two tissue layers in the adult body.



8.
An animal that produces ectoderm, mesoderm, and endoderm in the embryo, and has three tissue layers in the adult body.



9.
A woman who has never given birth to a full-term infant.



10.
A woman who has given birth at least twice.



11.
A mollusc with eight arms or tentacles.



12.
A mollusc with ten arms or tentacles.



13.
An annelid (segmented worm) with numerous hairs or bristles.



14.
An annelid with relatively few hairs or bristles.



15.
An arthropod appendage that forks in two, such as a lobster antenna.



16.
An arthropod appendage that is unbranched, such as an insect antenna.



17.
A cell or organism with unpaired chromosomes, and thus half the total chromosome number characteristic of that species.



18.
A cell or organism with paired chromosomes.



19.
The second immature stage in the life cycle of a mite.



20.
The third immature stage in the life cycle of a mite.

Exercise 4.2—For each word below, draw a slash between the prefix and the rest of the word, provide a definition of the word, and underline that part of the definition that refers back to the prefix.

Example:  di/saccharide—a carbohydrate composed of two simple sugars.

1.
oligopeptide
 


2.
polyspermy
 


3.
multinuclear
 


4.
nulliparous
 


5.
hemiplegia
 

Exercise 4.3—Based on your knowledge of metric system prefixes and a few simple calculations, answer the following in the spaces at the left.  Confine any calculations to scrap paper, but keep them until you receive the graded assignment back so you will be able to analyze any errors you made.  State all answers except 1 or 10 in exponential form (e.g., 103, 10–1).


 
mL
1.
One microliter is how many milliliters?


 
cc
2.
One deciliter is how many cubic centimeters?


 
nm
3.
One millimicron is how many nanometers?


 
mg
4.
One kilogram is how many milligrams?


 
Gm
5.
One meter is how many gigameters?


 
m
6.
100 millimeters is how many meters?


 
mL
7.
10 liters is how many milliliters?


 
kg
8.
1,000 milligrams is how many kilograms?


 
mg
9.
1,000 kilograms is how many milligrams?


 
((g
10.
10 kilograms is how many picograms?

Chapter 6
Suffixes

A

suffix is an addition to the end of a word that defines its function or modifies its meaning, much as a prefix does at the beginning.  In many cases, the suffix or terminal merely denotes a noun and may be translated simply as “thing,” “object,” “structure,” “phenomenon,” “process,” and so forth.  For example, the root pharyn- cannot be used by itself but requires a terminal such as -x, making it the noun pharynx.  The most common noun endings are listed in the left column of table 5.1.

1.  Pluralization

Beginning students are often confused because they do not recognize the connection between the singular and plural forms of the same noun.  No one should have any trouble recognizing the singular of ovaries or proteins, but occasionally, someone will not know the singular of apices, appendices, or indices (apex, appendix, and index).  Much more often, people will draw a blank if asked to state the plural of encephalitis (a brain inflammation) or epididymis (a male reproductive organ) or the singular of meninges (the three membranes around the brain), phalanges (the fingers and toes), or varices (bulges in a blood vessel, as in varicose veins).  They are, respectively, encephalitides (pronounced en-SEFF-ah-LY-ti-deez), epididymides (EP-ih-DID-ih-MID-eez), meninx (MEN-inks), phalanx (FAY-lanks), and varix (VER-iks).


Table 5.1 lists the noun endings alluded to in the introduction to this chapter, and their plural forms.  One thing you can glean from this table is that memorization of these rules of pluralization can only give you some appreciation of the most likely plural or singular form of a noun.  If you did not already know the singular of ganglia, for example, there would be no firm rule you could fall back on to determine that it was ganglion.  Without prior knowledge, you would be justified in guessing ganglium.  By the same token, one might reasonably guess that the plural of neuron was neura, rather than neurons.  


Note that several of the plurals in table 5.1 end in -es (thoraces, cortices, diagnoses, chrysalides, appendices, pharynges, calices).  The e is not silent.  These are all pronounced with an -eez sound, rhyming with ovaries. 

Table 5.1     Singular and plural noun endings

Singular
Plural
Examples


-a
-ae
antenna, antennae

-ax
-aces
thorax, thoraces

-en
-ina
lumen, lumina

-ex
-ices
cortex, cortices

-is
-es
diagnosis, diagnoses

-is
-ides
chrysalis, chrysalides

-ix
-ices
appendix, appendices

-ma
-mata
stoma, stomata

-on
-a
ganglion, ganglia

-um
-a
septum, septa

-us
-i
tarsus, tarsi

-us
-era
viscus, viscera

-us
-ora
corpus, corpora

-x
-ges
pharnx, pharynges

-yx
-ices
calyx, calices

-y
-ies
ovary, ovaries


2.  Possessive Suffixes

Latin nouns can assume a variety of forms, or inflections, that reflect differences in number (singular or plural), gender (masculine, feminine, or neuter), and case (nominative, genitive, dative, accusative, or ablative).  The nouns above are in the nominative case, which functions as the subject of a verb.  Next to the nominative, the most important Latin case to biomedical terminology is the genitive, which denotes possession.  In English, this would be denoted by the word of.  For example, ala is a nominative noun meaning “wing,” while alae is its genitive case meaning “of the wing.”


Latin has five noun declensions (lists of inflections in a set order by case) that are distinguished by the form of their genitive suffixes.  While it is not important that you be able to decline Latin nouns, if you at least recognize these suffixes, it will often help you to understand that the word is in the possessive case.  The possessive suffixes for singular nouns are -ae, -i, -is, -us, and -ei and those for plural nouns are -arum, -orum, -um, -uum, and -erum.  Classified by declension and number, these are shown with biological examples in table 5.2.  

Table 5.2     Possessive (Latin genitive) suffixes


Declension
Singular
Plural
Example



first
-ae
-arum
antennae, antennarum (antenna)


second
-i
-orum
digiti, digitorum (fingers)


third
-is
-um
capitis, capitum (head)


fourth
-us
-uum
cornus, cornuum (horn)


fifth
-ei
-erum
dies, dierum (day)

3.  Binomials and Polynomials

Many scientific terms are two, three, or more words long.  Two-word terms, or binomials,
 include the corpus callosum of the brain, corpus luteum and cumulus oophorus of the ovary, macula lutea and fovea centralis of the eye, endoplasmic reticulum of a cell, and muscularis mucosae of the mucous membranes.  


Many of the muscles have longer names, or polynomials:
  the flexor digitorum longus, extensor carpi ulnaris, and levator labii superioris alaeque nasi, for example.  Such terms often strike terror into the hearts of human anatomy students, but they actually can be more of a help than a hindrance to learning because, once a person understands some of the familiar word roots embedded in them, the names are so descriptive.  The flexor digitorum longus, for example, is a long (longus) muscle that flexes (flexor) the fingers (digit-; digitorum means “of the fingers”).  The extensor carpi ulnaris is a muscle that extends (extensor) the wrist (carpi) and is located alongside one of the lower-arm bones, the ulna (ulnaris).  The third muscle name, levator labii superioris alaeque nasi, is probably the most cumbersome of all the human muscle names, but still is quite descriptive.  It is a narrow muscle located alongside the flares or alae of the nose, hence alaeque (wings) nasi (of the nose).  Its function is to elevate (levator) the upper (superioris) lip (labii).  


The naming of muscles is further discussed in chapter __.  Binomials and poly​nomials are introduced here because they raise a point related to plural and possessive suffixes.  When such terms are pluralized, their suffixes often change in ways that can confusingly obscure their relationship to the singular form.  For example, there is a large vein called the superior vena cava that empties into the heart from above and another called the inferior vena cava that empties into it from below.  The two of them collectively are called the venae cavae—not that both words change the singular -a suffix to the plural -ae.  One of the cylinders of erectile tissue in the penis and clitoris is called the corpus cavernosum.  Each organ has one corpus cavernosum on the left and one on the right; together they are called the corpora cavernosa.  The singular -us suffix of corpus becomes the plural -ora and the -um or cavernosum becomes -a (table 5.1).  In some cases, the plural form of a word is familiar to students of biology but the less used singular may be relatively unknown.  For example, the female genitalia are enclosed in two pairs of tissue folds, the outer labia majora and inner labia minora.  Outside of the medical literature, we rarely see the singular form of either term:  labium majus and labium minus.


The muscle names given above exhibit a number of possessive suffixes.  In flexor digitorum longus, the word digitorum is the genitive plural of the second Latin noun declension (see table 5.2).  Thus, it means “of the fingers.”  If we were referring to only one finger, the possessive suffix would be -i.  Thus, we have another muscle, the flexor digiti minimi, which flexes the little finger.  The flexor digitorum longus flexes all the fingers, hence the plural, whereas the flexor digiti minimi flexes only the little finger.

4.  Adjectives

Nouns can easily be converted to adjectives by adding a suffix that means “pertaining to.”  Thus, mammal is a noun and mammalian is an adjective that means “pertaining to mammals” (as in “the mammalian brain”).  Table 5.3 lists such adjectival suffixes.

Table 5.3     Adjectival suffixes

Suffix
Example
Pertaining to:


-ac
cardiac
the heart

-aceous
diatomaceous
diatoms

-al
neural
nerves

-alis
trachealis
the trachea

-an
mammalian
mammals

-ant
anticoagulant
blood clotting

-ar
ocular
the eye

-ary
urinary
urine

-eal
pharyngeal
the pharynx

-ic
hepatic
the liver

-ical
cytological
cells

-ive
sedative
relaxation

-ory
olfactory 
smell

-ose
foliose
leaves or foliage

-ous
cutaneous
the skin

-tic
optic
the eye

The letter t is often inserted before an adjectival suffix to make a word pronounceable, especially when the suffix starts with a vowel:  

neuro (nerves) + t + ic
( neurotic

sym (together) + bio (living) + t + ic
( symbiotic

op (eye) + t + ic
( optic

edema (swelling) + t + ous
( edematous

olfac (smell) + t + ory
( olfactory

5.  Diminutives

Biology often deals with small things and discovers structures that look like miniature versions of familiar objects.  The suffixes in table 5.4, commonly used in the naming of such structures, mean “small,” “little,” or “tiny.”  In dictionaries, you may find entries with these suffixes marked dim for “diminutive.”  Several of these are just slight variations of each other, such as -ule, -ulla, -ullum, and -cle, -cule, -culus, -unculus.

Table 5.4     Diminutive suffixes

Suffix
Example
Literal meaning


-cle
ossicle
little bone

-cule
molecule
little mass

-culus
canaliculus
little channel

-el
scalpel
little knife

-elle
fontanelle
little fountain

-ellum
flagellum
little whip

-ette
rosette
little flower

-idium
ommatidium
little eye

-il
bulbil
little bulb

-illa
maxilla
little jaw

-iscus
meniscus
little moon

-let
rootlet
little root

-ole
arteriole
little artery

-olus
nucleolus
little nucleus

-ule
venule
little vein

-ulla
ampulla
little vase

-ulum
capitulum
little head

-uncle
peduncle
little foot

-unculus
homunculus
little man

-uniculus
funiculus
little cord

6.  Compound Suffixes

It is common for two or more word elements to be combined into a compound suffix.  For example, -logy is used so often to mean “the study of” that it becomes tedious and somewhat pointless to repeatedly note that it is composed of log- + -y, as we did in chapter 2.  Thus, we recognize -logy as a compound suffix.  Some examples are given in table 5.5.  This is far from a complete list.

Table 5.5     Some compound suffixes

Origin
Compound suffix
Examples


em (blood) + ia (condition) 
-emia (blood condition)
anemia, toxemia

iatr (treatment) + y (process)
-iatry (treatment of)
podiatry, psychiatry

log (study) + y (process)
-logy (study of)
biology, zoology

log (study) + ist (one who)
-logist (specialist)
histologist, archeologist

phob (fear) + ia (condition)
-phobia (irrational fear)
hydrophobia, arachnophobia

ur (urine) + ia (condition)
-uria (urinary condition)
hematuria, polyuria

7.  Special Suffixes

The suffixes -gen and -oid deserve special mention for making themselves so useful to biologists.  


Gen. The suffix -gen means that which produces, forms, or gives rise to something; the origin or precursor of something.  It is found in such words as antigen, oxygen, zymogen, androgen, glycogen, pyrogen, and collagen.  An androgen, for example, is a steroid hormone such as testosterone that produces (-gen) male (andro-) sexual characteristics.  A zymogen is a protein that is converted to an active enzyme (zymo-) after it is secreted.  Glycogen is a storage carbohydrate that gives rise to glucose (glyco- = sugar) when it is broken down.  A pyrogen is a chemical that raises the body temperature, causing fever (pyro- = fire, heat).


-Gen is easily converted to the related suffixes -genic, -genous, and -genesis.  -Genic means forming, producing, giving rise to, or becoming something.  If you are photogenic, it means you look good in photographs, i.e., produce a good photo.  If a chemical is teratogenic, it produces birth defects (terato = monster); if it is carcinogenic, it produces cancer (carcino = cancer).  The suffix -genous means more or less the same thing as ‑genic.  It appears in such words as autogenous (produced within the same individual; not arising from an external source), endogenous (meaning the same as autogenous; for example, internally produced fever-causing chemicals called endogenous pyrogens), and indigenous (native to a particular region, such as the indigenous plant life of a country).  ‑Genesis means birth or a process of forming something.  Thus, glycogenesis is the synthesis of glycogen; spermatogenesis is the production of sperm; osteogenesis is the formation of bone; and pathogenesis is the development of a disease.  Gen- can also be used as a root earlier in a word:  cytogenetics, genotype, genome, and regeneration, for example.


Oid.  The suffix -oid is less flexible but also highly useful.  It can be used alone as a suffix, or in such forms as -oidea and -oidal, to mean like or resembling something.  It is especially useful in anatomy and taxonomy.  The sigmoid colon is shaped like the letter S (sigma = S).  The lambdoid suture of the skull is a line, shaped like an upside-down Y or a Greek lambda ((), where three bones meet at the rear of the cranium.  An anthropoid is a humanlike (anthrop- = human) primate in the suborder Anthropoidea.  The Stelleroidea are the starfish, named for their shape (stella- = star).  In biochemistry, we have steroids, carotenoids, and proteinoids.

8.  This Week’s Drill

For this week, learn the meaning of the following 20 word elements and be able to state a biological or medical word using each one.  


ala-
digito-
labi-
-ole


bio-
-emia
-logy
op-


carpo-
foli-
neuro-
-orum


-culus
-genic
nom-
-ory


cutane-
-ian
-oid
poly-

Chapter 6 Exercise

Suffixes
Name:


Exercise 5.1—Fill in the missing singular or plural form in the table below.



Singular
Plural


1.
microvillus


2.
hypothesis


3.
syrinx


4.
capitulum


5.
tibia



6.

chrysalides


7.

genera


8.

tagmata


9.

cirri


10.

vortices



11.
mastax




12.
lacuna




13.
canaliculus




14.
etymon




15.
fornix




16.

nectaries



17.

carpi



18.

larynges



19.

mucosae



20.

flagella


Exercise 5.2—The following word pairs resemble each other except in their suffixes, which have different chemical meanings.  Explain the difference in: 


1.
sucrose vs. sucrase
 


2.
ferric vs. ferrous
 


3.
nitrite vs. nitrate
 


4.
ethane vs. ethanol
 


5.
acetone vs. acetate
 

Exercise 5.3—For each word below, draw a slash between the suffix and the rest of the word and define the word.  

Example:  diaphys/eal—pertaining to the diaphysis, the shaft of a long bone.

1.
edematous
 


2.
thoracic



3.
celiac

 


4.
molluscan
 


5.
vesicular
 


6.
laryngeal
 


7.
osteoid

 


8.
chondrogenic
 


9.
pyrogen

 


10.
cuboidal
 

Exercise 5.4—Each of the following words, all with the same suffix, is a medical term for a morbid fear of something that arouses a state of panic.  Identify the object of fear in each case.  Do not guess!  Consult a medical dictionary or you may get misleading impressions from some of these.


1.
ailurophobia


6.
eruciphobia




2.
agoraphobia


7.
taphophobia




3.
ophidiophobia


8.
vermiphobia




4.
scotophobia


9.
gymnophobia




5.
muriphobia


10.
cynophobia


�  hypo = below normal + calc = calcium + emia = blood condition


�  ana = apart + lyz (lys) = split, break down


�  ce, meaning “common era,” and bce, “before the common era,” are based on the same numbering system as ad and bc, respectively, but are more religiously neutral expressions of dates.


�  hiero = sacred + glyph = carving


�  professores = proclaimers


�  sifr = empty


�  al-jabr = restitution, completion


� pre = before + fix = attach, fasten


� eu = easy, good, true + phoni = sound + ous = characterized by


� crypt = hidden + orchid = testis + ism = condition


� suf (sub) = beneath, near + fix = attach, fasten


� af (ad) = to + fix = attach, fasten


� myria = many, multitude + pod = foot


� glyco = sugar + genesis = production


� ovi = egg + duct = duct, canal


� karyo = nucleus + kinesis = motion, action


� quadru = four + ped = foot


� tachy = fast + card = heart + ia = state, condition


� acro = beginning, tip + nym = name


� epo (epi) = after, related to + nym = name


�  Mile comes from the Latin mille passus = one thousand paces; one pace is about 5 feet.


�  From metron (Gk.) = a measure


� bi = two + nom = name


� poly = many + nom = name





