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Materia Medica is a Latin term, relating to the history of phanacy. It describes
the sources (vegetable, animal and mineral), nature, prepation, and properties of
substances or mixtures of substances, which were used as rerdies for the treatment
of diseases. Bourgelat authored the rst veterinary Mateai Medica book. This review
describes the evolution and ultimate downfall of Materia M#ica concepts and practices.
Its survival for more than two millennia re ected the impacbf religion and dogmas on
therapy. The consignment of Materia Medica to history was ghi ed by publication of the
rst modern book of veterinary pharmacology and therapeutis by Meyer Jones in 1953.
Previously, the dominance of Materia Medica was linked to ahippiatry culture, which
was shared with farriers and quacks. The Pasteurian and pharacological revolutions of
the second half of the nineteenth century led to its graduall@andonment. This review
explains why the existence of authentically active substams, such as opioid analgesics,
cardiotonics and general anesthetics either were not usedof those actions or were
badly prescribed, in part because of historical precedenceand in part from lack of
pathophysiological knowledge to justify rational use. Thenodern concept of dosage, in
particular inter-species differences, was not understoodThere were also major dogmas,
supporting false indications, such as failure to recognizpain as a symptom to be treated,
whereas in ammation was only a disease symptom involving ecess of activity of the
blood system, which had to be vigorously addressed by bleedig and purging. This
review covers a well-de ned period, ranging from Bourgelatwho wrote the rst book

of Materia Medica for veterinary studies to the rst editiorof Meyer Jones textbook in
1953, which marked the end of Materia Medica and the beginnig of pharmacology in
veterinary medicine.

Keywords: Materia Medica, veterinary medicine, historic, p harmacology, therapeutics
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INTRODUCTION was reviewed by Lloyd Davis in Veterinary Pharmacology and

Therapeutics®). The excellent review of Ruckebusch should also
The discipline of veterinary pharmacology, and its clinicalpe consulted?).

application in veterinary therapeutics, did not devolve from

Materia Medica. Rather, pharmacology and therapeutic OURGELAT ENDORSED FOR

supplanted Materia Medica and the therapy associated wit
it. This review describes why, when and how this occurred in ETERINARY MEDICINE THE DOGMAS

veterinary medicine, together with some excursions inte th AND PRECEPTS OF MATERIA MEDICA
human eld. The period covered is 1761-1953. APPLIED IN HUMAN MEDICINE
In 1761, in Lyon, France, Bourgelat created the world's rst
modern veterinary school. Four years later, Bourgelat shielil  Before 1800, the foundational support of medicine by biolaic
his book on veterinary Materia Medica)( Almost two centuries  sciences was either absent or rudimentary. The writings of
later, in 1953, Meyer Jones (1913-2002), the founding father ghe Greek physicians Pedanius Dioscorides (c. 40-90 AD) and
veterinary pharmacology and therapeutics in the modern ergzalen (129-201 AD) were medicine's doctrinal bibles. Their
published the rst edition of his classic textbook/éterinary Vade Mecum (aide-mémoire) use in human, and later, veterinary
Pharmacology and Therapeuiti¢g). With this, he signed the medicine, was made with little change up to the beginninghef t
death warrant of Materia Medica, explainindylateria Medica nineteenth centuryg).
is an older term which encompassed the entire eld of phgrmac Dioscorides wrote a ve-volume treatise entitleie Materia
and pharmacology. It constituted a didactic descriptiveyspf ~Medica.” This was the rst pharmacopeia, incorporating
pharmacognosy, pharmacy, posology, and indications fas¢éhe accounts of some 600 plants, as well as allegedly therapsutical
of drugs with therapeutic intent. In this sense, the termeft useful animal and mineral products with almost 5,000 meditin
Medica is obsoletéFigure 1). uses. This seminal work, translated by Beck in 2@)5pfovided
Reviews of the history of veterinary pharmacology from 195¢he basis for western countries’ Materia Medica through the
to 2017 and the uses of antimicrobial agents in animals fronfnedieval and early modern period8)( Galen's in uence was
1935 to 2020 have been publishéd). After 1975, there was a also dominant. He contributed to our knowledge of anatomylan
tsunami of knowledge, leading to the introduction, for witary ~ physiology. However, his doctrinal vision of medicine renea
use, of many novel products. This recent history is not reeiéw that of Hippocrates (c. 460—c. 370 BC) comprising the theory
again here. The history of veterinary pharmacology up to 1982f the four humors: black bile, yellow bile, blood, and phlegm

MATIERE MEDICALI

RAISONNEE :/‘.é:“_‘-\‘. )
A 43‘ O i} N appelle communément dunom
NewZ général de Madere Médicale
sopsLEs sEDicvA ceite partie de Thiftoire natu relle, qui

DE LA MEME £ECOLE
Inpu

fe borne a la connoiflance des drogues
ou fubftances fimples que fourmfient
les trois regnes, & dont on fait ou 'on
peut faire ufage dans le traicement des
maladies de 'homme & des animaux.

Ul O N =

Materia medica is an older term which encompassed the entire field of
Veterinary pharmacy and pharmacology. It constituted a didactic descriptive study of
PHARMACOLOGY pharmacognosy, pharmacy, posology, and indications for the use of drugs with
and THERAPEUTICS therapeutic intent. .In this sense, the term mal.eria mfdica is obsolele.. .
Pharmacology is the youngest of the medical sciences. Its contribution to
the treatment and control of disease is unquestioned. Pharmacology has be-
come especially well established during the last two decades through its part in
the development of many widely used therapeutic agents. Pharmacology inte-
grates its studies with the fields of clinical medicine, physiology, and biological
chemistry in particular. Pharmacology also must correlate its study with other
fields of medical science, such as pathology and bacteriology.
Pharmacology may be viewed as both a preclinical and a clinical subject
because it includes pharmacodynamics and pharmacotherapy. Pharmacology
has an added responsibility in bridging the gap in the medical curriculum be-

w Ul © =

7
The lows Stte Colioge Prows. Ame. o G tween the basic medical sciences and the clinical sciences.
It is obvious that the scope of pharmacology is broad and that it ramifies

throughout the entire field of basic and clinical medicine.

FIGURE 1 | Bourgelat (L) vs. Jones ): de nition of Materia Medica. De nition of Materia Medica byBourgelat: It is commonly named by the generic name of “Mateai
Medica,” that part of natural history, which I limit to the kawledge of drugs and simple substances supplied by the thre&ingdoms, and which are or can be used in
the treatment of diseases of man and animal. The three “kinggims” were animal, vegetable, and mineral. In western pharmapeias, plants comprised 80% of
simples (single substance or products produced by mixing gints) while the remaining 20% was divided equally between $istances of animal and mineral origin3).
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It is in this conceptual framework of humorism that, over the mercy, had provided man with clues on the origins of nature's
centuries, clinicians continued to believe that diseasensied therapeutic benets. It was up to these poor human sinners
from animbalance (dyscrasia) of the body's humors. The ogtim to rst identify and then to use them. Paracelsus (1493-1541)
approach to addressing these imbalances was to promote tpeomulgated this concept when writingnature marks each
discharge of the damaged uids, expelling putative morbi cgrowth... according to its curative bentlakob Bohme (1575—
excreta. Similarly, to cure in ammatory and other diseaghs 1624), a German shoemaker popularized the doctrine through
aim was to stimulate uid evacuations from distant organs.his treatise, translated in 2006.4), entitled “The signature
The approach was based on the visual observation of criticaf all things” (1621) which gave the doctrine its name. There
discharges, which seemed often to resolve the dis€s&his were earlier translations, e.g., John Ellistone (c. 162531652
belief accounts for the pivotal role of blood-letting and theBéhme suggested that God marked the objects with a sign, or
use of purgatives, emetics, carminatives, diuretics, egpaus, “signature, which could be read,” indicating their purpoge)(
sialagogues, and diaphoretics. In ammation was regardeghas The signature could be the color, texture, shape, smell, sad e
imbalance, created by an excessive in ux of blood into amgivethe environment in which the plant grewig). The plant might
tissue, and not related to any specic pathology. Thereforeresemble parts of the human body, the shape of an animal or
bleeding (general or local) was the proposed solution. Fandirectly evoke diseases that it can cure. The British hista
example, blood-letting in pneumonia would relieve the bloodWilliam Coles (1626—-1662) wrote a seminal bodihé Art of
engorged lungX0). Simpling in which plants were methodically described (name,
It is against this historical background that Claude Bouagiel origin...) together with their virtues and signaturésy. He thus
(1712-1779) authored the rst veterinary Materia Medidd. ( supported the anthropocentric concept that God had given to
He largely adopted the content and tenets of traditionahumans all they needed to heal themselves.
pharmacopeias, in particular that of London (Thendinensis This theological rationale is older than Christianity and
1618). He emphasized the invaluable character of the lattéras been identi ed in many non-occidental cultures, indiugl
document. This pharmacopeia (now tlBzitish Pharmacopeia) traditional Chinese medicine and Native American and Adiric
was translated from Latin to English by Culpeper in 1649 ( herbal traditions {7). For example, iron therapy was used by
and it became a major source of information in Europe on theGreek physicians against weakness and anemia, based on the
medicinal attributes of plants in treating disease. Bowagelas sword as the symbol of strength and powég); Hippocrates,
an Enlightenment encyclopedist. He also copied extensikaty f Galen, Pliny the Elder, and others were aware that willovk bar
the work of his contemporary Baumé (1728-1804) who publishedould ease pain and reduce fever. This knowledge lay dormant
a book entitled “Elements of theoretical and practical phacyiia for centuries and was re-discovered in 1763, when EdwandeSto
(12). This book is in tune with the very limited biological (1702—-1768) sent to the Royal Sociefyn ‘account of the success
science base of that time, but, importantly, it was linkedhe t of the bark of the willow in the cure of aguéasgue®fever)
principles of chemistry. Chemistry advanced and was viewed §19). He stated that the tree delights in moist soéind cited
this time as a disruptive science, having the revolution@3l @f the general maxim thatrfhany natural maladies have remedies
0 ering alternative explanations to divine goodness to agtiou that exist not far from their causg&0). The willow tree grew in
for the e ects of drugs. Bourgelat embraced this re ection.places with high humidity and had very exible branches, whilst
Like all enlightenment encyclopedists, he prudently expaesséhumans residing in the same places might become sti, crippled
reservations on the role exercised by God. with rheumatism. The notion was that the willow produced for
Before the Age of Enlightenment i.e., the end of thetself a softening substance, which could also benet man by
eighteenth century, medicinal substances were selected fdrinking willow bark decoctions. In this rare case, the likeesi
actions consistent with the Hippocratic vision of the funeting  like concept was actually true.
of the human/animal body. It was also necessary to address th Centuries-old beliefs and practices have still not been
question, what is the origin of the bene cial e ects of prodsct abandoned, despite the rise of science providing the foundati
obtained from the three kingdoms, plants, animals, and méter of evidence-based therapeutics. The beliefs are retained by
The answer was divine will. Paracelsus (1493-1541) dewklopeerbalists and, notoriously, in the practice of homeopathy
this concept from the earlier concept of Dioscorides on thetlye (21, 22).
of signatures.

THE PRINCIPLES AND PRACTICE OF

THE COMMON THREAD OF ALL MATERIA MEDICA TRANSMITTED
THERAPIES: THE DOCTRINE OF HISTORICALLY AS VADE MECUM
SIGNATURES OR THE DOCTRINE OF

CORRESPONDENCES Prior to the nineteenth century, knowledge disseminatioasw

based on the library with its books. A retrospective analysigof
The dominant paradigm in medicine up to the eighteenth cegtur medical books, spanning more than two millennia and devoted
was that the gods or mother nature had provided the meant European Materia Medica, indicated that all were basedy wit
to cure diseases and relieve paib3)( In medieval Europe, remarkably little variation, on the Dioscordian traditiarp to the
the dogma was that God, in his in nite wisdom and greatnineteenth centuryd). Accompanying these reference books, the
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guardians of the doctrine, were a multitude of manuals, gsid
cookbooks, diaries..., written by and designed for use bgl e
prescribers. These comprised collections of recipes, propased| o
declined by the authors according to their personal empirical
experience or imagination.

The universal mechanism of action, underpinning all
remedies, was based on the goodness of God. Therefore, the
books neither possessed nor required any rational presemtati
of the remedies. Claims for actions and uses required mihima
knowledge of physiopathology, which, in any event, did not
emerge until the middle of the nineteenth century. Accomlin
the veterinary Materia Medica books were organized like
dictionaries, with neither references nor data supporting th
claims. The priority was to present the remedies in the mos
practical way possible, in the form ofveade mecunwith the
simplicity o ered by organization alphabetically. For eachrpla
or product, a description was given of source, physical an
chemical properties, methods for preparing extracts, methors f
formulating them into a wide range of product classes and many
modalities of administration and dosage (or rather amount)
for each species. Information on the physiological action
on the animal was occasionally attempted (and sometimes
fantasized) but, generally, scienti ¢ rationale was abskiost
products would have provided no benet but caused little
harm, as the veterinarian's role was that of an artist. Innes
successive editions, from 1809 to 1827, of the book by Lebas
“Pharmacie vétérinaire, chimique, théorique et pratique, aglus
des éleves, des artistes et des propriét@itetgtinary, chemical,
theoretical, and practical pharmacy, for the use of studemtists
and owners) 23 became the reference text for veterinarians

(Figure 2).

—

[®N

w

THE EMERGENCE OF THERAPEUTICS

FIGURE 2 | Early French textbook on Veterinary Pharmacy by Lebag&g).

AN D VETER' NARY PROFESS'ON Analyzing this 1823 editionZ3), Girard £4) one of the most famous professors
ADVANCES: QUAL' FIED AND at Alfort wrote: it is only to aid memory and to facilitate resarch. The disease
being recognized, the artist chooses from the series of medines which are all
U NQUALl FIED PRACTITION ERS suitable for the genre, and many of which might not show up to Is memory,
|NC|_U D| NG FARR|ERS AN D QUAC KS the one he considers the cleanest to produce the effect he irnds to obtain.

The development of therapeutics is inseparable from that of
the veterinary profession and its education systems. MateriThis was achieved in 1791, driven by the campaign of Granville
Medica with its recipes, the use of which did not requirePenn (the founder of the state of Pennsylvania); he persutded
medical training, enabled a group of non-veterinary perseinn Frenchman Benoit Vial de St. Bel (1750-1793&)) (Figure 3)
ranging from farriers to simple charlatans, to compete withto accept the professorship of the newly established vetgrinar
the evolving veterinary profession. This was possible, allege in London. In the wake of establishing the rst two
the qualied knew little more than the unqualied (see worldwide veterinary schools of Lyon (1762) and Alfort (1y,66
Supplementary File 1 Veterinarians and farriers). Nevertheless,there arose many colleges in Europe in the late eighteenth
impacting bene cially and inseparably on the emergence o€entury. The Vienna College (1765) incorporated a hospital
therapeutics, was the rise of a formally trained veterinary1777) and was the rst school of veterinary medicine in
profession, with accredited quali cations. German-speaking Europe. Other schools founded were: the
In the UK, a leading gure was the Physician James Clarkitalian college at Torino in 1769, Skara in Sweden in 177pZzig
his treatise A Treatise on the Prevention of Diseases incidental i 1776, Copenhagen in 1777, Hanover in 1778, Dresden in
Horses, from bad Management in Regard to Stables, Food, Wat&80, Budapest in 1786, and Berlin and Munich in 1790. For
Air, and Exercise, to which are subjoined Observationsma soan overview on the history of veterinary medicine in Germany
of the surgical and medical Branches of Farriery, secotidridi see £8). Towards the end of the eighteenth century, the Royal
corrected and enlargé¢25) supported professionalization of the Veterinary School of Madrid (1792-1793) was created and
veterinary trade, and the establishment of veterinaryeg®ks. modeled on the Alfort school. Its rst director was S. Malats,
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FIGURE 3 | Benoit Vial de St. Bel (1750-1793). Charles Vial de Saint-Beas
born at Lyon (France) in 1753. He studied at the Veterinary $ool of Lyon,
and then was appointed Assistant Professor at Alfort, wherée quickly
encountered hostility from Bourgelat. On his departure, Bargelat wrote
against Vial's name “Renvoyé comme sujet cabaleur, intriga et detestable”
(Returned as a boastful, intriguing, and detestable subjérand Bourgelat
wanted to imprison him in the Bastille. In 1788, he prudentlyeft for England
where he married an “English lady of great accomplishment$He then
returned to France before being exiled in 1789 in London at #hbeginning of
the French revolution. There, he met Granville Penn (granadis of William Penn
of Pennsylvania) who helped him to express in English his pldo establish a
rst veterinary school in Great Britain.” On February 18, 179 “The Veterinary
College of London was created; SAINT-BEL was its “ProfessdrOn August
22, 1793, Charles VIAL de SAINT-BEL, at the age of 40, died of Sto
(glanders) 26, 27).

by the Ministry of War along military lines; in 1834 it transfed

to Fossano and then to the historical seat of Turin (18599)99
After 1859, the Royal School of Veterinary Medicine was run by
the Ministry of Education.

In Europe, the veterinary schools established in the late
eighteenth and early nineteenth centuries arose from palitic
decisions, motivated by military or public health consideras.
There were no similar veterinary needs during the colonial
periods in the USA. It was not until the war of independence
that epizootic diseases arose. Following Philadelphia in,1852
the rst veterinary schools were privately run until about7:8
since veterinary education was ignored by governmentaicgs
(30. The 26 other USA schools were also private until the
early twentieth century. Most were non-viable, with few stuide
and operational periods lasted on average about 15 y&dJs (
Consequently, USA participation in academ@?)and scienti ¢
veterinary debates was limited. Maurég) described this period
as the dark age of veterinary medicine in USA. lowa State
College, Division of Veterinary Medicine, founded in 1873his
oldest and was the rst state supported college to inaugurate a
year course in 1903(). L. Meyer Jones, the father of modern
veterinary pharmacology, graduated from lowa in 1939.

The creation of separate schools or veterinary departments
within universities did not su ce to establish the professio
These goals had to await the scienti c advances of the nameke
century, in particular the Pasteurian revolution, whichated for
the profession the opportunity to establish its pre-eminencerov
all other competing practitioners of the veterinary art.

PROGRESS IN CHEMISTRY ENABLED THE
EMERGENCE OF NEW PARADIGMS TO
EXPLAIN DRUG EFFECTS AND THE
SYNTHESIS OF NEW SUBSTANCES

Lavoisier (1743-1794) was the founding father of chemistry
and early in the nineteenth century, the discipline was
well-established. Many man-made products (acids, alcohols
salts...) were promoted as drugs but without, however, eithe

a Field Marshal. Further schools were created at Cordoba armgharmacological or therapeutic rationale. More importantly,
Zaragoza in 1847, Leon in 1852, and at Santiago de Compost&léh advances in chemistry, reference to religious autiyosias

in 1881. As the French model had been followed, the in uenceo longer so necessary. Rather, the chemical properties of the
of French teaching was considerable. Veterinarians in Spaidrugs were harnessed to explain their e ects in the new paradigm
as in other schools, were focussed on horses. Malats, who hadMetals and their corresponding salts were introduced mainly

been trained with Bourgelat at Alfort in France, includedhis
“Elementos de Veterinaria I’ (Elements of Veterinary Medgi

I, 1795) a long list of worm purgativeg).

in the nineteenth century. However, the bene cial e ects olad
for treatment of diseases were almost always spurious. Taking
the example of just one metal, potassium, with its alkali, taus

For Italy, nationhood was not achieved before 1860potash and salts (carbonate, bicarbonate, sulfate, bistdpha

Nevertheless, Charles-Emmanuel I, King of Sardinia $eat

iodide, bromide, nitrate, chlorate, permanganate, andrae)

Cerusici (surgeons) to the Lyon veterinary school in 1784 T each had a range of claimed recommendations, includingcihta
small group included Carlo Giovanni Brugnone, who becanee thantidote to snake bites, rheumatism, skin diseases, pneumonia
rst Director of the School and received from Claude Bourgela eczema, reduced cardiac action, diuretic, sialagogugudésn

certi cate stating his competences “a I'etablissemente'Beole of bacteria. The latter action of potassium permanganate,
semblable a celles ou il a recu ses intructions.” He is reghrdin destroying the spores of anthrax, was reported by
as the father of Italian Veterinary Medicine. The Empress ef th Koch (34).

Austrian Empire also sent three students to study at the Lyon It was during the Enlightenment in 1772 that Priestley (1433
school in 1772. The Turin school, established in 1769, was rul804), an English chemist, discovered nitrous oxideGN In
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1799, Davy (1778-1829), also an English chemist, desatibed The status of pain in animals was not well-de ned, whilst rapid
euphoric and analgesic e ects. He even suggested the possiblegery performed by manly men with great manual skill was
use of nitrous oxide as a remedy for operative paBit)( preferred. Writing in the Veterinarian in 1847, Mayhew, thest
His proposal was not pursued and surgeons neglected nitrous report the use of ether in dogs and cats, indicated concern
oxide for several decades. In 1844, Horace Wells (181551848 observing the excitatory induction stage. He questioited
an American dentist, self-tested nitrous oxide for a dentalse compared with rapid surgery. He state&i)( “We cannot
extraction. Subsequently, diethyl ether was regardedpesrisnr  tell whether the cries emitted are evidence of pain or not; bu
to nitrous oxide as a general anesthetic. Ether was actualllgey are suggestive of agony to the listener, and, witlstintday
known as the “sweet oil of vitriol” in the middle ages andto the contrary, must be regarded as indicative of su efiihg.
Paracelsus reported its analgesic e ects in the digy William  process, therefore, is not calculated to attain the objeehici in
Morton (1819-1868) instituted the era of general anesthesigeterinary practice it would be most generally employedelya
with ether in 1846. Morton had been trained by Wells as &o relieve the owner from the impression that his animal was
dentist and, after joining the Harvard Medical School, hed##d  subjected to torture. There has been yet no experimentiat k
a range of gases. His revolutionary idea was to demonstraté been made to ascertain the action of the vapour on the horse
by gas inhalation that the “seat of pain” was in the brainbut | cannot anticipate that it will be found of much service to
and not at the peripheral site of injury, as then generallythat animal”’ With such assessments, it was never likely that
acceptedd?). ether would be readily adopted and Percival, the in uential
Ether was immediately tested in dogs and cats and resuleditor of the Veterinarian, urged veterinariafi® lose no time
reported in the Veterinarian38), the reference British journal in bestirring themselves to ascertain what may or may not be
at that time. However, ether was rapidly replaced by chloroformdone, so far as their patients are concerned, by the etbgeal
discovered in 1847 and claimed to be more potent. Chlorofornof pain and sensibility...” It is now notorious enough thathb
became popular after its administration to Queen Victoriamen and horses have succumbed, under the in uence of ether, t
for the birth of her son, the future Edward the Seventhrise no more, and, as post-mortem examinations of theiesodi
and the practice was known as “narcose a la reine.” Fdras shewn, in consequence of such in uéB8e In contrast,
veterinary medicine (in practice for horses), the routineeus Hering in Germany was enthusiastic for both chloroform and
of volatile liquids was impractical, in consequence of majoether in his text “Arzneimittellehre” 1855: Chloroform retsy
di culties in administration and also the health hazard for introduced ‘is used as a pain reducing narcotic, often in vapor
both operators and patients. It was even suggested that tlierm.... It causes in animals within a short time (few minutes)
anesthesia was largely due to asphyxiation and this was plsgbabsuch numbness that one can perform operations on the anisnals a
at least partially, true 4). In Germany, both Hertwig §9  on cadavers.
and Hering @0) described methods for general anesthesia

in horses They suggested soaking a sponge with ether apdATERIA MEDICA BOOKS IN THE FIRST
placing it in one nostril, closed, with the other open to HALF OF THE NINETEENTH CENTURY

control the oxygen supply, or alternatively placing the spong

in a feed-bag. Both authors mention excitation as only EEGAN TO INCORPORATE SCIENTIFIC
transient problem. DATA WHICH WOULD LEAD TO THE RISE
Chloral hydrate was discovered in 1831 by von Liebig. F0OOF PHARMACOLOGY AND
veterinary medicine, chloral hydrate, injected intravesly, had THERAPEUTICS IN THE NEXT CENTURY
a decisive advantage over ether and chloroform. In 1872reRie
Cyprien Oré ¢1) from Bordeaux, administered it rst in dogs Three textbooks of veterinary Materia Medica, in French,
and then in man. In 1875, Humbert described the e ect ofGerman, and English, dominated the European scene
chloral hydrate in horses for dose ranging from 30 to 70daround the mid-nineteenth century. From 1831 to 1845,
(42). Chloral hydrate was not an ideal anesthetic. The analgesimuis Moiroud (1797-1831), professor of therapeutics at
action was limited and intravenous administration in a larg Toulouse and Alfort published several editions of his text
volume was complicated by the risk of phlebitis. Only wherf'Traité élémentaire de matiere médicale ou de pharmacologie
barbiturates were introduced did general anesthesia becamétérinairé(Elementary treatise on medical matters or veterinary
routine in the dog and cat. With rapid onset of action, they pharmacology) 44, 45. In Germany, Carl Heinrich Hertwig
could be used to induce anesthesia, following which intidmat (1798-1881), professor at Berlin published the rst editionh o
greatly facilitated maintenance with inhalational anedits his Handbuch der Praktischen Arzneimittellehre fiir Tierarzte
in all species. Thiopentone was rst described for veterinaryPractical pharmacology for veterinarians) in 18336)(
use by Wright in 1937 43) and, over the next 60 years, it Several editions followed, up to 1872. Finlay Dun (1830-
was the most widely used induction agent, especially for dogs897), Lecturer on Materia Medica and Dietetics at the
and cats. Edinburgh Veterinary College, published in 1854 the rst
A property of general anesthesia, unlike most Materia Medicadition of his ‘Veterinary medicine; their actions and uses’
products, was their visually obvious e ects. However, theyewe (47). This was followed by 11 editions up to 1913. These
not adopted for routine use in the nineteenth century by horseseveral texts give testimony to the progress of knowledge
surgeons, who preferred rapid surgery to general anesthesig&igure 4).
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FIGURE 4 | The rst three major textbooks of veterinary Materia Medica ere published in French, German and English in the mid-nine¢nth century. Louis Moiroud
(no known picture) was born in 1797. He studied veterinary ndicine in Lyon. He became a professor in Lyon in 1824, was appated to Alfort in 1829 and nally
became the Dean of the new veterinary school in Toulouse in B2. Moiroud published relatively little (he died aged 40) lnis book entitled “Traité élémentaire de
matiere médicale ou de pharmacologie vétérinairg rst edition in 1831) became a standard text in France. Thi®ook was immediately translated into German in 1832
(Handbuch der Thierarzneimittellehre, oder nach den neugan Grundsétzen der Chemie abgefa te Materia medica fiir Tleirérzte Und Landwirthe. Nebst einem
Arzneibereitungs-u. Rezeptformular enthaltend eine Samiimg von 413 Rezepten der bewahrtesten Arzneiformeln). Hay Dun, in the preface to the rst edition of his
“Veterinary Medicine' in 1853 indicated that the Moiroud bok was consulted as well as Hertwig's “Handbuch der Praktishe Arzneimittellehre fur Thieraerzte.” Carl
Heinrich Hertwig was born in 1798. He studied both medicine ad veterinary medicine. Hertwig was appointed as a repetitoat the Berliner Tierarzneischule and
became head of the clinic for small animals. He had a reputath as a highly skilled surgeon and was appointed as professan 1833, teaching several subjects
including practical pharmacology. Together with Ernst Fedrich Gurlt, he founded the “Magazin fur die gesammte Thiéeilkunde,” (Magazine for the entirety of
veterinary science) in 1835, and this publication continukuntil 1874. The rst edition of his Handbuch der PraktischenArzneimittellehre fir Tierarzte (Practical
pharmacology for veterinarians) was published in 183316). He claimed, in the foreword of the rst edition, to have pedrmed more than 1,500 practical experiments
on animals to evaluate drug effects. Due to its great populéy 5 editions followed, up to 1872 {¢6). Finlay Dun (1830-1897) graduated from the Royal (Dick) ol of
Veterinary Studies. He was appointed Lecturer in Materia Mkca and Dietetics at the Edinburgh Veterinary College. It thought that he applied unsuccessfully for the
University's Chair in Agriculture in the 1880s. He publishtin 1854 the rst edition of his book “Veterinary medicine; their actions and uses{7). This was followed by
11 editions up to 1913, later editions being revised by otheauthors whilst retaining his name. These 11 editions re ectite steady advances made in veterinary
pharmacology and therapeutics and the slow but sure recogtion of the limitations of Materia Medica.

For Moiroud, the word pharmacology appears in hisspecies-linked factors. Dosage may also be pathology
titte and in the preface and he denes and discusses thdependent (health vs. disease). Moreover, he challenged
disciplines of pathology, pharmacology and therapeuticghe traditional classication of remedies alphabetically.
He adopted the metric system to express drug dosaddis classication was based on eect achieved; the two
and indicated that doses are not necessarily proportionahajor categories were debilitating agents (inhibitors)
only to animal body weight but depend on multiple and stimulants.
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Based on the increasing availability of methods of chemicahe drugs are indicated. He recommended incorporating
analysis, together with the introduction of drugs in purerfigr sick animals under the same conditions as healthy animals,
Moiroud asserted that, for selected drug examples, absorptiams well as untreated healthy animals—an early example of
can occur from the digestive tract and the skin of horsescontrolled studies.
cattle, and dogs, followed by distribution in blood and hal
elimination, predominantly by the kidneys. Moiroud4® NINETEENTH CENTURY SCIENTIFIC
reported that Eduard Hering (1799-1884), of the Stuttgar
veterinary college, injected yellow prussiate of potash th&® hEVOLUTIONS
jugular vein of a horse and detected it in the contralatesglilar ~ Pharmacodynamics
within 20s. Moreover, it was exhaled within a few minutesyn the mid-late nineteenth century, evolving initially beéoand
Such data were revqutionary for the nineteenth centuryeTh subsequenﬂy a|0ngside the Pasteurian revolution (Seg]jnn
implication was clear; a drug can act at a site distant from th@acteriology), a new era of pharmacodynamics commenced,
administration site. Hence, it is not only the drug's physico driven by a new breed of physiologists. They adopted the
chemical properties or the methods of its compounding thalexperimental method to elucidate physiological processes
account for action remote from the administration site. Inet  and drug modulating mechanisms. Promoting the rise of
same inspirational mode, the notion of mediation of drug eoti  pharmacology were Magendie (1783-1855) and his student,
through endogenous mechanisms was recognized. Finlay Dugjaude Bernard (1813-1878)4d). Magendie challenged
inthe rst edition of his book ¢7), wrote “The impression, which historical reports on plant extracts by investigating theitize
they drugs9 produce on parts with which they are rst broughtingredients. Morphine was rst isolated between 1803 and
in contact, is transmitted along the nerve to other pamsf this 1805 by the German pharmacist Friedrich Sertiirner (1783—
mode of action is calleddttion by sympathy{the concept of 1841). This is thought to be the rst isolation of an active
sympathy here indicates a common nervous in uence). ingredient from a plant. Magendie collaborated with leading

Whatever the mechanism underlying the systemic e ectchemists, notably Joseph Pelletier (1788-1842). Pelletlatddo
either drug transported in blood to its target site or anemetine (1817) and, in collaboration with Joseph Caventou
indirect action via the nervous system, these revelationg795-1877), he also isolated several major alkaloidsdimg
posed a major problem for Materia Medica. If the drugstrychnine (1818), brucine and veratrine (1819), cincimeni
works at a distance from administration site, how can(1820), quinine (1820), and ca eine (1821). For each compound
Materia Medica practitioners justify di erences betweentarits, Magendie established their physico-chemical properties, 8 ect
emollients, demulcents, protectives, adsorbents, a®ntsy on both animals and humans, and nally designing standards
counter-irritants, bitters, carminatives, catharticsminatonics?  for therapeutic use. For example, he conducted foundational
How to justify their formulation into a wide product range, research on the dose-e ect relationship, drug disposition in
including decoctum, infusum, liquor, mistura, aqua, emuts  the body, mechanism of drug action and structure activity
syrupus, tinctura, spiritus, elixir, vinum, pulveres, suppositm,  relationships. Through these pioneering studies, Magendie
oleum, pilula, unguentum, collodium, emplastrum, collodiim initiated the science of experimental pharmacology, as de ne
bolus, haustus, each meticulously prepared using a range gfd still understood today.
pharmaceutical processes, trituration, elutriation, lation, Claude Bernard (1813-1878) was both physiologist and
maceration, digestion, lixiviation, percolation, dialysi€aling, pharmacologist. His major conceptual and methodological
liquefaction? How to explain the e ect of drugs administered b contributions provided the basis of textbook accounts still
the intravenous route? As discussed by Hering and Wéigs'in  appropriate to this day. His demonstration of the action of cerar
this way, you get the pure e ect of the dragH all thatis required  extracted from a South American arrow poison, at the motor
is water solubility. nerve-voluntary muscle junction, was a landmark achieveme

Another aspect can be added to honor the achievements of thise also predicated the future principles of pharmacokinetics of
period. In his foreword to the rst edition (1833) of his Matier  drugs and poisons, recognizing the importance of factors sisch
Medica book, Hertwig46) stressed that he commenced writing absorption into, distribution within (including binding tdlood)
only after performing no less than 1,500 experiments on thend elimination from the body, in determining magnitude and
e ects of administered drugs, to con rm or reject earlier ¢t&.  time course of drug action. He further recognized the valfie o
He stated that for his own treatments, as Director of the ht@pi poisons as experimental tools, enabling physiologists to uhrave
of the school of veterinary medicine in Berlin (1830-1846) h biological mechanisms of organ systems.
regularly needed no more than 30 of the available drugs. Despite these advances, no major applications of

In the last edition (1872) of his text, Hertwi§®) underscored pharmacodynamic principles to therapeutics were possible
his opinion that pharmacology should be based on experiencentil clinicians had adopted physiopathological mechanistic
in turn based on repetitive observation39. He emphasized concepts. For example, fevers were not regarded as symptomatic
that repetitions on the same animal with the same drug dosef speci c disorders; rather, fevers themselves were coreide
are subject to variability. He further recommended monitg  pe disease categories.

e ects on several animals simultaneously, commencing with

the lowest e ective dose and performing a dose escalatioBacteriology

Following observations on healthy animals, this shoultbfeéd  Louis Pasteur (1822-1895) in France and Robert Koch in
by observations on animals with specic diseases for whicléermany (1843-1910) laid the foundations of the science of
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FIGURE 5 | The three early giants of microbiology (Pasteur, Koch, andister) and “their associated veterinarians” (Nocard, Sch, and Toussaint). Pasteur, Koch, and
Lister, the three giants, who wrote and researched the histy of bacteriology and medical microbiology, had complex iter-personal relationships. This was especially
so for Pasteur and Koch with Lister paying the role of mediato These three greats established friendly professional leionships with veterinarians: notably between
Pasteur and Nocard from Alfort; between Lister and Toussatrfrom Toulouse; and between Koch and Schiitz from Berlin. Thinvolvement of veterinarians in this
Pasteurian revolution exerted a profound in uence on the edy history of the veterinary profession; there was immediatadoption of the new scienti ¢ paradigms, thus
transforming it into a true medical profession, whose actity was henceforth based on science. This was clearly recogred by Pasteur himself during his inaugural
speech welcoming in 1884 Bouley, inspector general of vetémary schools in France, as the new president of the French Aclemy of Sciences with these words: A
century ago, gentlemen, you had only a modest position in thacienti ¢ world... So, gentlemen, while human medicine had corrmed its letters of nobility since the
beginning of the civilized world, you were still, in the midd of the 18th century, only the farriers. There was a time, mreover, when surgeons were considered a bit
like lackeys and bonesetters. We are far from these appredians; today, in your ranks, famous names are mentioned. Andow, that one of you (Bouley)becomes
president of the rst Academy in the world? If the profession owes a lot to Pasteur, the converse is alsatie which led Pasteur to comment: ff | was young, and even
at my age if | were able-bodied, | would go and become a studenof the Alfort school. Reading veterinary books set my head ome” (51). Actually, the relationships
between all six of these individuals, who were foremost in stping our profession, were somewhat more complicated and nbentirely harmonious, as detailed in
Supplementary File 3 .

bacteriology. The Pasteurian revolution was crucial in g  Pasteur trained a generation of teacher-followers, whoewer
the veterinary profession with its scienti ¢ foothold andagving  achieve their own marks of distinction, advancing knowledge
prestige. In France, from 1881, a law granted veterinariansfectious diseases by developing vaccines, sera, andodiign
a restricted monopoly on treatment of contagious diseastests. Nocard (1850-1903), professor of surgery at Alfort,
(seeSupplementary File 2 Veterinary science and institutional identi ed several bacteria causing animal diseases, as well a
conquests). The law and Pasteur's science provided a paradighe rst mycoplasma (a pathogen in bovine peripneumonia). He
shift, through the development of sera and vaccines. Thedarther demonstrated that human and animal tuberculosisaver
eclipsed all other forms of therapy and especially Materighe same disease, challenging Koch's view that tubercubdsis
Medica. In France, veterinarians immediately became zealogsttle was of no danger to humanS(j. Also contrary to the
apostles of Pasteurian theories. It was with the support of giew of Koch, it was shown that tuberculin could be used as a
veterinarian in 1881, at Pouilly-le-Fort, that Pasteur doated diagnostic tool {9 (Figure 5).
a famous experiment, demonstrating the e ectiveness of his During the 1920s Gaston Ramon (1866-1963), a
vaccine against anthrax. Just one year later, 270,640 shdep aeterinarian from Alfort, was recruited by Emile Roux, the
35,654 cattle were vaccinated), right hand-man of Pasteur. Ramon discovered anatoxins
Pasteur inspired Lister, the surgeon to Queen Victoriaand established the role of adjuvants for vaccines. He
Lister introduced antisepsis to surgery. Equally signitan made major contributions to the development of e ective

Frontiers in Veterinary Science | www.frontiersin.org 9 January 2022 | Volume 8 | Article 777809



Lees et al. Materia Medica in Veterinary Medicine

vaccines for both diphtheria and tetanus?. Camille Guérin to re ect the spectacular progress made in the control of
(1872-1961), also a veterinarian from Alfort and a pupil ofinfectious diseases.

Nocard, developed with Calmette the eponymous Bacillus Advances arising from the availability of vaccines empleakiz
Calmette-Guérin (BCG), a vaccine for immunization againsthe virtually total inadequacy of Materia Medica. This caruse
tuberculosis §3). to acknowledgment in the 1910 edition of the Finlay Dun témnt,

In Germany, Robert Koch (1843-1910) identied the noting, “Cattle plague, contagious pleuropneumonia, rabies, and
bacillary etiology of tuberculosis, the nineteenth cegitscourge sheep-pox have been exterminated. The prevalence ofglande
of humans. His associate, Johann Wilhelm Schitz (183%arcy, swine-fever, anthrax, and bovine tuberculosis sogetatly
1920), professor of pathological anatomy and bacteriologymited by the measures now being adopted in dealing wige the
at Berlin Veterinary College5@), was an associate of Koch, disorder$ (58). Materia Medica products could not lay claim
as Nocard was an associate of Pastehf).{ogether with to equivalence in terms of therapeutic success. This wastdespi
Friedrich Loe er he obtained, in 1882, a pure culture of progress in isolating and synthesizing the active principles o
Burkholderia mallegi the causative agent of glanders. Withplants; and despite pharmacodynamic properties of the actives
Robert Koch, Schitz also discovered the porcine glandedescribed in experimental models.
bacillus and demonstrated dierences between the bovine The absence or poor therapeutic results provided by
and human tuberculosis pathogens. Koch was the rstMateria Medica relates to the near total lack of knowledge of
in 1882, to introduce bacterial cultures. This was the rstpathophysiology. This prevented a rational use of substances,
laboratory test to conrm bacterial infections. Koch alsoa minority of which did have therapeutic potential. For
replaced gelatin with agar as a culture medium. In 1887example, digitalis and its glycosides were used erroneously
Julius Petri (1852-1921), a German bacteriologist and afor treating fevers and in ammations and not for managing
assistant of Koch, replaced the glass plate with a circulaaispects of heart failure such as supraventricular arrhytBmia
lidded culture dish; the Petri dish enabled isolation andthe pathophysiology of which was elucidated only later, when
observation of colonies whilst avoiding contamination.electrophysiological measurements became availablewisike
The Gram stain was introduced in 1884 by Hans Gramthe analgesic properties of morphine were well-known early in
(1853-1938), a Danish pathologist and pharmacologisthe nineteenth century but pain management in animals was not
while examining lung tissue from patients who had died ofa clinical concern until the twentieth century and morphinar (
pneumonia £6). rather opium) was used for digestive disorders.

In the UK, McFadyean, who graduated in 1876 and became Salicylic acid was synthesized in 1874; it was used as an
the dean at the Royal Veterinary College in London in 1892antiseptic; in the late nineteenth centur$g 60) it was also
recognized immediately the signi cance of the germ theofy oused to treat rheumatic and joint diseases in horses but it was
infectious disease and played a central role promoting rekearnot signi cantly used as an anti-in ammatory agent for resms
in the UK (57). explained in section: The Availability of Chemically PureuDr

The Bureau of Animal Industry was established in the USA irProducts Was Not Synonymous With Improved Therapy: see the
1884 under the direction of Daniel ElImer Salmon (1850-19143ase of Aspirin below. Ether was popular to treat bloat in cattle
(31). salmon was the rst US awardee of the degree of Doctor dfeing viewed as a narcotic purge. In 1840, ether and chlomofor
Veterinary Medicine, from Cornell in 1876. Salmon also stadi were used as vermicides for lungworm in calveg).(Ether, at
at the Alfort Veterinary School. Salmonella, was named affta anesthetic dose levels, was used to treat tetanus in hdngesse
in 1900 by Joseph Leon Ligniéres (1868-1933), a co-worker pérsisted during the nineteenth century.

Nocard at Alfort. The wide range of therapeutic uses of adrenaline, discovered
in 1901, illustrates the lack of relevance to its actions. In a
. . Materia Medica book published by Parke Davies and Co. in
The Pasteurian Revolution Created a New 1921 1), 22 separate veterinary indications for adrenaline
Basis for Therapy were listed with marketing in several formulations (sabuj
The Pasteurian revolution was not limited to enhancing stie ointment, suppositories, and tablets). Most of these uses now
knowledge and providing new therapeutic options, such aseem bizarre. Examples are the treatment of rickets in puppies
vaccines. Science also provided the basis for implementidzy intramuscular injectiond4) and milk fever in cattle ).
strategic group animal therapies, based on epidemiologial. d In short, a large majority of substances listed in Materia
Solutions to public health issues were initiated throughMedica books of the nineteenth and early twentieth centuries
implementation of sanitation policies. This contrastedwere not administered for actually useful indications, whilst
with and challenged traditional veterinary medicine usinghorses continued to be bled and purged vigorously and operated
phytotherapy. Phytotherapy was directed primarily to indivitlua on without anesthesia3@). There were exceptions. An example
animal medicine, especially in the horse. Individualizedvas the use of available local anesthetics, such as cot8w)
equine treatment, widely practiced in large cities and inCocaine was promoted for anesthesia of the eye. It was also used
the army, was shared between veterinarians, farriers arfdr epidural anesthesia in dogs in 1885 and spinal anesthesia
charlatans, with domination by locomotor conditions and ain 1898 (2). The use of cocaine as a local anaesthesic, which
limited number of surgical procedures, such as castratiorfound considerable use in horses in World War 1, is an example
The continuing primacy of the individual horse failed of a rational application. The Army Veterinary Corps, serving
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the British Army in the First World War, dealt with 2,562,549
horse admissions to hospitals between 1914 and 1918. Cocal
transformed the relief of pain, deriving from wounds and semng
“All surgery, where possible, was performed under anaesthe
Chloroform and cocaine were in abundant supply. This wasia gr
advance’(63). The introduction of procaine in 1905 extended
advances in regional and local anesthesia. (

1]

THE NEW SCIENTIFIC SPIRIT PROMOTED
THE RISE OF PROFESSIONAL
VETERINARY JOURNALS REFLECTING ON
AND CHALLENGING THE SECULAR
DOGMATISM OF MATERIA MEDICA

Up to the mid-nineteenth century, knowledge dissemination
was not based on scholarly journals but on books, and mos
teachers had no research activity. Lectures by “the god gsofé
were almost the sole source of information for students an
the eighteenth and early nineteenth century teaching ofapg
resembled that of a religion, with Materia Medica as the Blihie
with little variation in message.

However, the early to mid-nineteenth century brought
predications of future change. The rst “modern” professibna
periodical journals appearedRecueil de médecine véterinaire
based on the teachings of sta at Alfort (Paris) was launche
in 1828. In the UK, followingThe Veterinarian(1828) andThe
Veterinary Journa|1844),The Veterinary Recoid888) became

D

i

FIGURE 6 | Alexandre Liautard, father of the American veterinary pregsion.
Alexandre Frangois Augustin Liautard (1835-1918), aftetbtaining his
veterinary diploma from the National Veterinary School obiilouse in 1856,
emigrated to the United States in 1859. He moved to New York tgractice the
profession of veterinarian. At that time, there was no Univsity in the USA to

d train veterinarians but Liautard founded a private collegin New York (the New
York American Veterinary College). Further, he assisted tine organization of
the American veterinary profession and founded the Unitedt&tes Veterinary
Medical Association, today the American Veterinary Medit¢#ssociation. He

the primary information and reference source. In Germany
Carl Heinrich Hertwig and Ernst Friedrich Gurlt founded,
in 1835, the ambitiously titled Magazin fir die gesammte

was also the founder of the American Veterinary Review, nové Journal of
the American Veterinary Medical Association (JAVMA). Liaud popularized in
the USA the ideas of Pasteur, encouraging American veterimamedicine, then

dominated by hippiatry, to adopt scienti c approaches in the eld of infectious
diseases. As in Europe, this led to re-structuring based onaence (see the
Wikipedia article) §4).

Thierheilkunde (Magazine for the entirety of veterinary science),
Publication continued until 1874. In the USA, a French
veterinarian from the Toulouse veterinary school, Alexand
Liautard (1835-1918), emigrated to that country and fowhde
the New York American Veterinary Colleg&igure 6). With
others, he organized the American Veterinary professiord anpublished the Trattato teorico-pratico di materia medica e
co-founded the United States Veterinary Medical Associatioterapeutica veterinaria (farmacologia clinica): bagatcisimente
(USVMA), now the American Veterinary Medical Associationsui recenti progressi della scienza, ad uso degli studenti e
(AVMA). He also founded, in 1863, the American Veterinarydei veterinari pratici (Practical-theorical treatise on Medical
Review, now the Journal of the American Veterinary MedicaMatters and veterinary therapeutics (clinical pharmacojogy
Association (JAVMA). According to Freeman, Liautard, prolyab (66), especially based on recent science advances, to be
did more over a period of 40 years to advance veterinarused by students and practitioners). Like most veterinary
medicine, practice, education and journalism than any othepharmacologists at the end of the nineteenth century, he
individual (65). discusses the importance of the experimental approach in the
The contents of these journals diered from their present eld of physiology and therapeutics as the sole means for
day successors. Specialists and researchers did not deminastablishing a science-based discipline. He also recomrdende
them. Rather, they largely re ected practitioners' expeces) the use of pure active principles, in preference to extracts or
observations, and verbatim reports, including accountsefts  raw materials. He discussed “kinetics,” laid special emphasi
(or lack of e ects) of remedies. Using current terminologyese on administration routes and attempted to classify antagosis
journals comprised collections of case reports based on tHeased on mechanisms of drug action. His book included a
practitioners' testimony. chapter on posology, based on species size and age. Drugs
Through these contexts, these Journals assisted the imansit were classi ed according to their action and/or use for the
from Materia Medica and therapy to pharmacology andtreatment of diseases : antiparasitics, disinfectants, gtiise
therapeutics as we currently recognize them. In 1889 at Turiranaleptics, sedatives, and anesthetics. Maurice Kaufm&ae-L
Lorenzo Brusasco, a Professor of Clinical Pharmacology 4©23), at Alfort, authored the rst French books on vetenpa
the Royal High School of Veterinary Medicine of Torino, pharmacology and therapy, extending to four editions. The
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FIGURE 7 | Buchheim, Schmiedeberg, and Ehrlich and the foundation of mdern pharmacology.(Left) Rudolf Buchheim (1820-1879) was a German pharmacologist
now recognized as the “father of pharmacology.” He played a écisive role in the transition from Materia Medica to pharn@logy by introducing quantitativein vitro
tests (bioassays) and by his adaptation of the reference whrof the time on Materia Medica by the Englishman Jonathan Peira; Buchheim deleted the obsolete
chapters. His pupil was Oswald Schmiedeberg (1838-1921(Middle) . Of Baltic origin, Schmiedeberg was an emblematic professoof pharmacology at the University
of Strasbourg. He is regarded as the “father of modern pharmeology.” His main contribution was to train many future wod-renowned pharmacologists, including four
future Nobel Prize winners. Paul Ehrlich (1854-191%Right) is the father of chemotherapy. He discovered arsphenamineSg@lvarsan), the rst effective drug treatment
for syphilis. He also developed methods of staining pathoges, including the tubercle bacillus. Ehrlich's staining ntbod was adapted to introduce the Gram stain, as it
is still used today. In 1908 he received the Nobel Prize in Phiglogy or Medicine for his contributions to immunology, a pze he shared with Elie Metchnikoff70).

rst edition (1892) was entitled Traité de thérapeutique et EVOLUTION OF PHARMACOLOGY AS AN

de matiére médicale vétérindiree., ‘Treatise on therapeutics INDEPENDENT DISCIPLINE IN HUMAN
and veterinary medical mattérg67). For the last edition MEDICINE AND ITS FIRST

(1910) the title was changed toTraité de thérapeutique .
vétérinaire: pharmacodynamie, pharmacothérapiéeterinary CHEMOTHERAPEUTIC SUCCESS: THE

therapy treatise: pharmacodynamics, pharmacothérégs). In GERMAN CONNECTION

the USA, Kenelm Winslow published seven editions of his .
“Veterinary Materia Medica and Therapeutics’ from 1901 toThe rstteams devoted exclusively to the study of pharmacplog

1913 9. In 1910, the 12th edition of the Finlay Dun text, in humans were those led by Rudolph Buchheim (1820-1879)

“Veterinary medicines their actions and uses” was revised.b (Figure 7) at Dorpat (now Tartu, in Estonia, at that time
MacQeen and H.A. Woodro §8). under Russian administration) and his student Johann Ernst

Unlike earlier texts, these books did not deploy the©@Swald Schmiedeberg (1838-192F)jglre7) at Strasbourg

alphabetical dictionary approach. The presentation of remedidGermany at that time). Buchheim was a founding father of
called for a degree of “therapeutic” logic and used citatiohs "uman pharmacology. Of his two major contributions, the rst
scienti ¢ works justifying e cacy claims. Kaufmann' boolegan ~ Was conceptual. He abandoned one of the major pillars of
with a chapter on general pharmacology, incorporating elementMateria Medica by dropping the old botanical and chemical
of what we now describe as pharmacokinetics. Absorptiolassi cation of drugs and replacing it with one based on mode
through the skin of a horse of iron cyanide and its excretionof action. In announcing the death of the “irritants’-nunwrs
within few hours in urine was cited. In 1901, Winslow de ned in Materia Medica—he saidWe are used to deleting drugs from
Pharmacology as embracing two sub-disciplines, Materia béedi the series of irritants, as soon as we have gained someiirtsigh
and Therapeutics. Further, he distinguished between Rationtheir mode of action. Therefore, it is to be expected that, wit
Therapeutics, founded on physiological actions, and Emgiricancreasing knowledge, the number of irritants will deereas|
Therapeutics, based on clinical evidence. In the Introcarcti the term will fade eventually from pharmacology its8kcond,

to the rst, 1953 edition of his landmark book, Meyer Joneshe introduced methods, such as the bioassay, for measuring
stated The various drugs are considered, rst, with regard tguantitative responses, which were to become fundamental to
their basic pharmacology (pharmacodynamics) and, sgcomdl advances in pharmacology. For a review on Buchheim&ge (

the clinical application of this information (therapeutic?). Buchheim's philosophy and working methods were
He thus rmly established that the evidential base for thigra promoted by his pupil, Oswald Schmiedeberg (1838-1921)
should be the observation of and measurements on patiengnd he brought world-wide recognition to the disciplin€Z.

in the clinic and not the “no evidence therapy” peddled inSchmiedeberg attracted some 120 students from 20 countries
earlier books. creating “The Schmiedeberg School” of pharmacologists.
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His students, in due course, occupied forty pharmacologpromoting the use of aspirin, which was an expensive drug,
chairs, of which four became Nobel Laureates: George Hogbmpared to salicylates. In screening veterinary handbooks f
Whipple (1934), Otto Loewi (1936), Corneille Heymans (1938)salicylate use, it is noted that salicylic acid was introducethe
and Carl Ferdinand Cori (1947). Together with BernhardVeterinary Pharmacopeia in 1880 and, in a Swedish handbook
Naunyn, Schmiedeberg founded tiechiv fir experimentelle from 1892, salicylic acid was recommended for the treatment
Pathologie und Pharmakologi@ow Naunyn-Schmiedeberg's of fever and rheumatism. It was, nevertheless, considerdxt to
Archives of Pharmacologtf)e oldest journal of pharmacology “very expensive as 100g are needed to a horse and 150 to a
still publishing. cow per day” (3. The cost of treating a 600 kg horse with the
Pharmacology cannot advance on the basis of concepts alormrrect dosage (100 mg/kg) would have been prohibitive. Today
it must also have active components, in the form of novel drugsaspirin is a very cheap drug but this was not so when launched by
These, comprising chemotherapeutic agents, were supplied Bayer. Indeed, aspirin became the rst “industrial drug.ias,
Paul Ehrlich (1854-1915)F{gure 7). The common element for commercial and societal reasons, reserved as a preseripti
underpinning his discoveries was the vital dyes and tv@éio  medicine. At the end of the nineteenth century, advertisinggs
staining properties. In the last two decades of the nineteentHirectly to consumers was regarded as unethical and wasglro
century, he showed that dyes react with speci c components apposed by many medical organizations. Then, with the advent
blood and other tissue cells. He hypothesized thatihisitro  of World War One, phenol, essential for both the synthesis of
observations might putatively lead to vivo selectivity and, aspirin and the manufacture of explosives, ran into short supply.
through this, to focused therapeutic uses. Speci cally, heckeed By 1915, the price of phenol had risen to the point that Bayer's
for the magic bulletse., chemical substances which have speciaspirin plant was forced to drastically reduce production. Aspi
a nities for living pathogenic organisms. then rebounded to enjoy great therapeutic success in humans
Ehrlich provided proof of concept withPlasmodium during the Spanish in uenza pandemic, of 1918-1920, as one
falciparumand Plasmodium vivaxthe parasites responsible for of the most powerful and e ective drugs available in human
malaria. They were stained with methylene blue, giving risenedicine. This was not the case in veterinary medicine, wher
to its possible use to treat malaria. Results were promising iaspirin was not only expensive but mainly regarded as an iatlern
patients su ering from a mild form of the disease. This wasantiseptic rather than a pain killer because, at that time, pas w
the rst report of a synthetic compound used successfully tca diagnostic sign rather than a condition to be treated foinza
treat a speci c disease. There followed, in 1906, the rstanaj welfare reasons.
discovery in pharmacology with clinical impact of the twetttie
century: arsphenamine (Salvarsan or compound 606) was t

h
rst chemotherapeutic agent to treat syphilis. 8H EMOTHERAPY IN VETERINARY

However, this advance had no direct application in veterinanMEDICINE ACTUALLY COMMENCES WITH

medicine. This came with the discovery of sulphonamidesANTIPARASITICS

Domagk's discovery of the antibacterial properties of the red

dye, Prontosil, in 1935, was based on the survival of micBrior to the twentieth century, treatment of animals' intein

that had been inoculated with a highly virulent strain of parasites was rudimentary; most Materia Medica medicines

haemolytic Streptococcus pyogeriésis was soon followed by were either plant extracts or metals. It was assumed that they

recognition that Prontosil was a pro-drug, convertiedvivoto  worked by mechanically irritating the parasites or by purgati

sulphanilamide. Meyer Jones recorded this seismic shift in thef the host, to remove the parasite containing mucus from

rst edition his textbook in 1953 %) and we recently reviewed the bowels 14).The rst e cacious antiparasitic drugs were of

the origin and development of sulphonamidés.( chemical origin. In the 1920s, Maurice Hall (1881-1938}him
USA, critically evaluated all resources then availablealigt

THE AVAILABILITY OF CHEMICALLY PURE Materia Medica products, such as calomel, castor oil, magnesi

sulfate, chloroform, ether, phenol, gasoline, male feracamut,

DRUG PRODUCTS WAS NOT santonin, oil of chenopode, kamala, and many others. Most were
SYNONYMOUS WITH IMPROVED judged to be either of no or very limited valugs). As chloroform
THERAPY: THE CASE OF ASPIRIN was slightly e cacious, Hall tested carbon tetrachlorigehich

was also used as an anesthefi€)( Its e cacy in removing
Failure to identify correct doses for each species limiteel thhookworms from dogs approached 100%. In the same year, Hall
early use of aspirin in animals. There were, however, additio proposed the cautious use of this new remedy in human medicine
limiting factors, including the advantage (if any) overisglate for the treatment of hookworm diseasé?). Although carbon
and cost in a commercial setting, as considered by Winslowetrachloride is a potent hepatotoxin, several million peopézev
(39): “It is merely a substitute (for salicylic acid) and is supposéated. In 1925, Hall announced that tetrachlorethylens juat
to be less irritating to the stomach but this is not always thes e ective but much safer, basing his conclusions on expettisne
case... Fashion has at present endowed it with much wiger sda dogs. Tetrachlorethylene became the standard treatrfemt
than has been given to salicylates and salicylic acid.uitédke hookworm disease, both human and caniié)(
in the case in which the latter are indicated, as in rheumatic Phenothiazine, rst synthesized in 1885, was initially used
a ection and as intestinal antisepticClearly, Winslow was not by Ehrlich for histochemical staining of plasmodia. The rst
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therapeutic use, in 1934, was based on its lethal action ostudy of the antagonism of acetylcholine by atropine when he
mosquito larvae. In 1938, the anthelmintic properties againsdescribed the parallel shift to the right of the log concetitra-
intestinal parasites of pigL), and thereafter in other species, response curves produced by competitive antagonists. He and hi
was shown. The introduction of phenothiazine as a veterinargontemporaries also sought to estimate ligand uptake by @rgan
anthelmintic provided the rst compound with both broad using methods that represented the forerunner of radio ldjan
spectrum and acceptable tolerance in host animal speci®s ( binding assays. Clark in 1933 published his Mode of action of
With phenothiazine came the important concept of control drugs, the purpose of which was “to try to discover what laws
measures in veterinary parasitology, providing a rationatsgy could be postulated regarding the combinations formed betwee
for prevention at the herd level, rather than individual ctive  drugs and cells"§0).

treatment. This required detailed knowledge of sources of The discovery of neurotransmitters [acetylcholine,
infection, means of transmission, life cycles, and pardsit&t norepinephrine (noradrenaline)] and of several classes of
relationships {8). Phenothiazine had low potency, thus requiring receptor for a given neurotransmitter enabled decipherinthef
very large doses. In due course, it was replaced by more poteptiysiology of the autonomic nervous system, albeit drugsi@ct

anthelmintics such as thiabendazole (1961). on them were not of major veterinary interest. However, the
development of agonists and antagonists of increased s&tgct

HORMONES, RECEPTORS, AND Ciass cation found veterinary apploations i the second sl

NEUROTRANSMITTERS: THE BASIS OF the twentieth century.

FUNCTIONAL PHARMACOLOGY AND In 1902, British physiologists, William Bayliss (1860-1924)

THERAPEUTICS: THE BRITISH DECADES and Ernest Starling (1866-1927), discovered secretin, thus

introducing the concept of hormones, endogenous messengers

Most hormones and neurotransmitters were discovered duringecreted by one organ to a ect remotely the functioning of
the early decades of the twentieth century. However, thesmother organ or system. Jacob Abel (1857-1938) of the Johns
discoveries, unlike the vaccines, antiparasitic drugs, andopkins University in Baltimore puri ed in 1899 the adrenal
sulphonamides impacting greatly on veterinary medicine dgri gland extract's active ingredient, epinephrine. Jokichi Taike
the rst half of the twentieth century, did not nd signicah (1854-1922), a Japanese biochemist and successful business
veterinary applications. person, isolated the pure, stable, crystalline form of epineghri

In the early 1900s, a fundamental question addressed washich he named adrenalin. The puri ed product was patented
how did communication across synapses occur, as electriday Parke-Davis & Company in 1901. Accordingly, epinephrine
impulses or through chemical mediators. Otto Loewi (1873-was considered as the rstisolated and synthetized horn{8ie
1961) demonstrated in classical studies that acetylcholin€or veterinary medicine, the only rational use of epinephrirssw
previously discovered in 1914 by Henry Dale (1875-1968), was combination with local anesthetics to prolong their actiby
an endogenous neurotransmitter. Next, came the understand delaying the absorption rate through constricting blood vésae
that, for a given neurotransmitter, there exist severabptors the site of injection 2).
and, in consequence, several response outcomes. Moreover,The discovery of insulin in 1922 by Frederick Banting (1891—
it became clear that some plant extracts, or contained941) in Canada, found immediate therapeutic application for
compounds, could block the transmitter actions. For examplethe hormone extracted from bovine and pig pancreas. This
Dale demonstrated both vasoconstrictor and vasodilattioas  transformed the therapy of diabetes mellitus. Banting was
of adrenaline, the latter revealed by prior administratidraoa-  awarded the Nobel prize in 1923, together with Macleod (1876—
adrenoceptor blocker, ergotoxine, presentin ergot of A#.(For  1931). In veterinary medicine, several decades elapsedebefo
these discoveries, Levy and Dale were awarded the Nobel Pribrmulations of insulin became available and prescribable f
in Physiology and Medicine in 1936. In the 1920s, Alfred Joseptiogs and cats. This occurred when more advanced knowledge of
Clark published his now classical papers on neurotransmittersliabetes mellitus became known in the 2000s. For example, in
hormones, and drugs, demonstrating their interaction withdogs there is no evidence for a canine equivalent of human type
receptors. Clark conducted important experiments on the actio 2 diabetes§?2) whereas type-2 diabetes is the most frequent form
of acetylcholine on the heart muscle of the frog, and on thén cats g3).
antagonism to this action by atropine. By recording the istine In 1946, Edward Kendall (1886—1972), who had previously
contraction of the isolated strip of the frog's ventricle, Wwas able isolated thyroxine, now isolated four steroids from adrena
to show that the action produced was accurately expressed kxtracts, naming named them compounds A, B, E, and F.
the equationKx D Y=100 Y) where x is the concentration Compound E, cortisone, was synthesized later that year by
of the drug and Y is the action produced expressed as Sarett 84). Its therapeutic potential was discovered by the
percentage of maximal possible action. Clark introduced theheumatologist Philip Hench (1886-1965) in a rheumatoid
log concentration-e ect curve, relating the hyperbolic shapearthritis patient and then in many other inammatory
of the stimulus-response curve to the equilibrium bindingconditions. Hench and Kendall were awarded the Nobel
equation. He concluded that the concentration-action @irv prize for Medicine and Physiology in 1950.
of acetylcholine re ected an adsorption process of the type In equine medicine, arthritic lameness has been treatet wit
described by Langmuir. Clark provided the rst quantitative some success with cortisone, a pro-drug of hydrocortisone
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(cortisol, the natural hormone) injected intramuscularlyr o On the other hand, in dispensing prescriptigrthe Troy
locally (intra-articular) @). Cortisone was investigated in cattle grain and ounce were used as units of weight. The grain as a
for ketosis in 195185) but the cost was prohibitive and the rst unit of mass was considered suitable for decoctions andaimi
veterinary products were synthetic analogs, discoverednhby t formulations. However, it was not a convenient measure for
company, Schering3@). expressing the dosage of potent drugs such as morphine. Rosso
Progesterone was isolated and characterized in 19290t (93 gave the dosage of morphine in grain fractions as 1/4
its rational use, as well as those of other reproductive haresp gr/10 Ib. body weight. This corresponds to today's more rgadi
was delayed for several decades before integration intokalgl comprehensible dose of 0.1 mg/kg body weight.
approach to control and synchronize reproductive cycles in  When ordering large quantities of drugs and in buying drugs
ruminants in the 1960s39). without prescription, the avoirdupois pound of 16 ounces was
used. The Troy pound is 5,760 grains 373.24 g), while the
Avoirdupois pound is 21.53% heavier at 7,000 grairg53.59 g).

EFFECTIVE DOSAGE REGIMENS: The Avoirdupois ounce contains 437 grains, while the Troy ®inc

CHALLENGES FOR NEW VETERINARY equals 480 grains. Nevertheless, the grain has same vdathin
DRUGS systems. In the Troy system 1 pouddi2 ounced 96 drachms

D 288 scruple® 5,760 grains.
When veterinary medicine was on the brink of introducing To add further to these cqmplex.mes,mthe apothecarysystem
jhe unit's symbol or abbreviation is followed by the quanti

single compounds of high purity, it had to resolve severa R s, & th A
generic problems that had not been addressed by Mater gWer case Roman numerais. For amousit t c quan_t|ty IS
written as a fraction, or for one half (or semi-the Latin word

Medica. Primary considerations were setting dose regimads a L T
at one-half or variations such as ss, or 59. Therefore, a

dosage di erences between species. In Materia Medica, specf o e »
di erences were generally attributed to idiosyncrasy (seer! prescription for tablets containing 325 mg of aspirin and 30 mg

for morphine as an example) and not, as now, to di erences inor]]c codeollpe lcagbbe written ‘:/:\SS:fgr. v C_C_Od' %r. S“S Fa;?lets’h@ug
pharmacokineticsg9). the medical abbreviations or aspirin, ¢ for “with”, anatc

In France, Cerbelaudd() proposed dosage regimens based‘Or cgdeine). t both d irdupoi . |
solely on body weight, taking the unit of reference as dosage T € use o oth Troy an Avoirdupols systems is utt_ery
man, which he equated to a large dog. For other species, doggnfusmg for the modern mind. By contrast, the more logical

was determined using a multiplicative factor (12 for catfle, me_tric system introduced by Napoleon and prom_oted by
&[Iowoud in 1835 @5 uses Arabic numerals and decimals to

for horses, 5 for sheep, 2 for pigs, 1/4 for small dogs and cats, ", 7 ) X
and 1/8 for chickens)q1). This approximates to an allometric mdlca_te drug q“"%‘”t'“es- Th's ”_‘et”c s_ystem was adap_ted by
Hertwig (39), but it was still set in relation to the old weights

relationship with a power of 0.75. h d iability b he di federat
The science of pharmacokinetics provided an alternative anmi‘:;m?;vr?y some variability between the di erent federates

revolutionary basis for dose selection. In this, the intiotion of

sulphonamides in the 1930s was pivotal. Microbiologicallydas

analytical techniques for measuring, with acceptable amyur CAUSES OF THE DEMISE OF MATERIA

the time course of active principle concentrations in bIOOd'MEDICA

became available. However, it was not until the late 1970s,

with the introduction of liquid chromatography, that veteary ~ Failure Was Not a Problem in Itself, Either

pharmacokinetics advanced at a rapid pace, to be followed iy Hippiatrists or Empiricists

clinical pharmacokinetics. By contemporary judgmental criteria, Materia Medica waspeve
in its ascendancy, a failure. According to Meyer Jorigsthe
main issue was thafThrough his expert knowledge regarding the

POSOLOGY, METROLOGY, AND THE use of various plants and animal products in the treatment of
APOTHECARY SYSTEM: FACTORS disease, the medicine man became a very powerful individual i
LIMITING THE IDENTIFICATION OF the tribe.”Beliefs and legends, established over and unquestioned
CORRECT DRUG DOSES for centuries, justi ed to practitioners, through the niresinth

and into the twentieth century, continuance of the beliefgtie
medicinal uses of plant-, mineral-, and animal-derived proguct

Whilst the discovery of new active principles, and their sysils . )
Each generation passed on the false folklore of their predersess

on an industrial scale, were key factors driving the evoluti
of veterinary pharmacology, one factor which hindered its . .

development, in English speaking countries, was the apo'[pleca‘;)lamS Are Complex Mixtures of Different

system of measures. This was based on the avoirdupois systéaubstances With Irreproducible Content

In metrology, as late as the 6th edition of Meyer Jonedlost Materia Medica remedies were ill-de ned. Plants are
textbook in 1988 ¢2) the system of weights and measurescomplex mixtures of substances with di ering, even antaganist
applied to the preparation and administration of drugs was theproperties. For example, ergot of rye which was used as
apothecary system. an oxytocic {4) or to induce abortion ¢7) contains many
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alkaloids. It is now known that they have a nity for several benet that this might confer; he predicted that they would
receptors. For the monoamine neurotransmitters, serotddi  be successful in treating fevers and in ammations of in&rn
hydroxytryptamine), dopamine, adrenaline (epinephrine), andorgans of the horse. This is in line with medical theories of
noradrenaline (norepinephrine), there is a range of actgti John Brown (1753-1788), a Scottish physician, who claimed that
which are often dicult to predict (94). Depending on type all disease was caused by an unbalanceexgitability which
of plant, the raw material contents can be very variable wittdetermined the body's ability to react to stimuli. The paatis
growing conditions on di ering soils or in di ering regions ah  of this doctrine regarded digitalis as a counter-stimulant pa
harvest conditions. There was no consistency of eithereunt excellence. It, therefore, was used consistently in treatiagym
or strength and, therefore, there could be no guarantees d@h ammatory diseases.
e cacy, safety, and stability. For example, the active conmmbu For other compounds, such as morphine, societal values of the
contents in Digitalis species are linked to seasonal variatof time failed to ensure its full potential for pain management in
light intensity, the photoperiod, as well as the thermoperiodanimals. Moreover, pain, in particular that of childbirth, weeen
soil nitrogen content etc.95). In processing, these plants wereas a redemptive punishment, not deserving of pharmacological
subjected to the several potentially destructive proces$es iatervention. In the same vein, the use of anesthetics in husna
extraction, maceration, fermentation, heating, and comatton.  was challenged, because surgery was to be reserved fer viril
It therefore was not possible to know both the strength ofvaeti men, with great manual skills and general anesthesia taneat
and what adulterants were additionally being administef@aime these skills. However, there were dissenting, pioneeringops;
authors of Materia Medica texts were aware of these factorblering (1870) {0 was an enthusiastic supporter of the pain
Hertwig (39 wrote in the chapter “modi cations by the drug relief provided by opium/morphine. He cites Andreas Christian
itself” that modi cations are dueto the location of the medicinal Gerlach (Professor in Hannover)Surgical exercises should no
plant and its climate, the time and method of collection ef thlonger be performed without this subcutaneous opium asesthe
plants, the extraction and processing of their prepasgtiand which is so easy to administer cheaply and $afElpm
their storage(39). now on, this will no longer be done at the local institution
Theriac was regarded for two millennia, up to the mid- (Hanover). Nevertheless, the recommended dose (1-1.25g of
eighteenth century, as an universal panacea. It is an exampigorphine hydrochloride per horse) might be accompanied
of a “magic” concoction containing a multitude of plants andby side-e ects, dysphoria and excitement. It was proposed to
other ingredients, including viper esh. Its preparation réqgd  administer morphine hydrochloride “4—6 h before surgerygds
essentially secretive methods, which extended over devesaction Posology, Metrology, and the Apothecary System: igacto
months. E ect was wholly unpredictable but its preparationLimiting the Identi cation of Correct Drug Doses).
provided opportunities for competition between apothecaries,

each having a recipe claimed to be better than that of collesagu . . .
Reservations concerning the quality of Theriac and simila;rhe Notion of Experlmental and Clinical

products prompted demands for their preparation in public, PFo0f Did Not Exist and the Principle of
an early precursor of inspection of manufacturing proces@uthority Reigned Supreme
and premises and examination of the nished product. Thes@he doctrinal views of the great ancients (Aristotle, Galen
developments led to the publication of pharmacopeias, in whicland Dioscorides) were upheld with little dissent well into the
standards for ingredients and compounding were laid dowmineteenth century. The clinical philosophy of what can be seen
(96). The fact of having chemically de ned substances was nofrevailing over what should be investigated, was mitigabed,
however, in itself, su cient to secure their immediate adapt  only rarely, in the nineteenth century. The consequence \eés/d
in veterinary medicine. Hering and Weisé@d commented on in the introduction of therapeutics.
Theriac: the so-called theriac, which used to be much abusedWhy it took so long for common sense and visible evidence
in veterinary medicine, is a mixture of a lot of di erent gkan to prevail is dicult to comprehend, for example in the case

. with opium, honey and the like. It deserves to be forgottef simple asepsis (Semmelweis 1818-1865). Di cult, likewise
altogethef Theriac was similarly condemned by Hertwigdf to understand why blood-letting was long continued after

and not mentioned at all in the nal edition of his bool3). the demonstration by Pierre-Charles Louis (1787-1872}, no
only of its ine ectiveness but of the associated dangér@.(
To Be Used Rationally Many Remedies Louis challenged blood-letting to treat in ammation, detpia

. . . perceived logical rationale, by introducing statisticab@ang in
Would Have Required Pathophysiological epidemiology. He promoted the so-calledumerical method.

Knowledge or Societal Values That Did Not In so doing, he was (what would be called today) a “pre-

Exist formal” epidemiologist. He based his “recherches” on the two
Historically, plants were not, for the most part, used withkey principles of epidemiology, namely group comparison and
any knowledge of their actions on physiological pathwayspopulation approachX0).

Lack of physiological/pharmacological knowledge meant that Essential to progress in clinical pharmacology was the
disease treatment was generally irrational and inapproprfade  introduction of clinical trials and epidemiological studieThe
example, decreased heart rate in response to digitalis gigsos rst examples of “scientic” trials, of therapeutic measures
was recognized by White&{) but he misconstrued the clinical known at that time, were those of James Lind on the e ect of
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lemons in scurvy (1753), of William Withering on the foxglove in this speci€q101).This con rmed the earlier judgements—do

(1785), and of Edward Jenner on vaccination against smallpaot administer opioids to cats, at least not alone.

(1798). The Pouilly-le-Fort trial in 1881 to test the antkra  Even the 1965 edition of Meyer Jones bo&k3) continued

vaccine is an example of methodologically rigorous testseg( the dogma, stating Opiates are clearly contraindicated in the

Supplementary File 3. cat and they are rarely used in the hotséhe 1965 edition
contained no speci c indication for treatment of pain. Rather
morphine was indicated for pre-medication prior to anesthesia

. for the unwarranted aim of decreasing the amount of anegthet
The Notion of Correct Dosage Is Not administered. It was, moreover, recommended for the cdntro

Understood and Inter-species Differences of diarrhea and coughing. The inference is that the contrbl o

Are Interpreted in Terms of Idiosyncrasy pain, and establishing an analgesic dose in animals, were not
Morphine is a classic example of why the rational use of a basis for use from the animal welfare perspective. It is now
pure substance was not possible, in consequence of the failuecognized that “morphine mania” in the cat arose from much
to establish dosage regimens on a species basis. Morphinigher doses than are clinically appropriate. In the 4th editio
was isolated by Sertlrner (1783-1841) in 1803-18@b4nd  of Meyer Jones in 1977.03, it was proposed that the cat could
commercial production by Heinrich Emanuel Merck, founder of be treated with morphine as an analgesic, with e ective do$es o
the dynasty of the world's oldest drug company, commenced i9.1-1.0 mg/kg body weight subcutaneously and 0.1 mg/kg body
1827 9). However, until relatively recently, veterinary medigin weight intravenously. In the 2018 edition edited by Rivienel a
failed to match the actions of morphine with rational usagePapich (04, the intravenous dose for cats is 0.1-0.25 mg/kg
Establishing both correct dosage and appropriate indicatems body weight with an inter-dose interval of 2-3 h.
an analgesic, advancing from paregoric elixirs known andluse That old concepts, however wrong, can be dicult to
for their anti-diarrhoeal and antitussive properties, to therent  dislodge is illustrated by the introduction in the 1970s of a
sophisticated management of pain, were long journeys. product containing the potent morphine analog, etorphine, in

In 1913 Winslow 69 wrote: ‘it is necessary to study the combination with the sedative, acepromazine. The dosage of
drug from the comparative standpoint in order to obtain a fuletorphine was very high. After intravenous dosing, the havas
understanding of its e ect (), the brain of man, being mogélli  cast in a convulsant state, with front legs in spastic extenand
developed and sensitive than the brain of lower animaldipivd  hind legs in spastic exion. The product also produced marked
that this organ is more powerfully in uenced in man and théoact sympathoadrenal activation, with a two-fold increase indolo
upon the horses and ruminants is something between théé@xempressure and ve-fold increase in heart rafié)f.
upon the frog and the man.”

Based on these considerations, the dose of morphine proposed

by Winslow for the horse by subcutaneous administrationgaah . .
from 3 to 6 gr. (grains), 0.3-0.6 mg/kg body weight, compared Therapeutics Education Suffers a

to a now recommended correct dose of 0.1-0.3 mg/kg bodyigNi cant Time Lag Relative to Advancing
weight, which is the same as in man. He reported that thé&Science
large dose of 12 gr. (1.2 mg/kg body weight) was followe®ne motive in writing this review was a re-reading of the
by increased excitement aggravated by noise. Not surphsinglecture notes in pharmacology taken by Calvert Appleby, an
Winslow concluded that the action of opium(or morphine)  undergraduate student at the Royal Veterinary College, bond
upon the horse di ers from that upon man and dogs in the mori@ the period 1946-1948. These provided a snapshot of the
frequent occurrence of restlessness and motor excitebharite’  properties of drugs and how they were used in animals at
concluded that the rationale of the latter phenomenon has nota time of pivotal change. Albeit only re ecting instruction
been discoveredr other words, the choice of dose was made orgiven at a single institution, they provide insights into the
(erroneous) priori considerations of anatomy and phylogeny ofthen still existing (in fact pre-eminence of) state of the art
the brain and not through empirical observation of its e edtis =~ Materia Medica and therapy. Nevertheless, they were under
dogma overrode his observations. challenge from the advancing science of pharmacology and its
Equating the cat, weighing of the order of 4kg, with aclinical application in therapeutics. Regarding the contincen
small dog, gives a morphine dosage of 1/8-1/2 grl.875— of historical practices, the notes retain: the troy and asojpois
7.5 mg/kg body weight). The dose currently recommended isystems of measurements; the naming of plants and drugs
0.10-0.12 mg/kg body weight. Anbrphine mania syndrome, (including salts of metals) by Latin names; many classes of
characterized by marked excitation, was reported and wrongfformulation and administration routes, from inhalation of
explained in terms of species-specic pharmacodynamicsnesthetics to rectal administration of drugs by suppository
termed species idiosyncrasy. This misconception was lat&ach drug is classi ed under headings of Origin, Charastars,
reinforced by Wickler {00 who administered doses as high as 15Administration, Specic Actions, Formulation, Dosage, and
mg/kg body weight. In 1957, a Nature publication reinforcbist Uses. Descriptions are provided on drug-related legislatioh a
falsehood; Since morphine produces a peculiar excitant or manfrescription writing. The notes provide considerable detail on
state in cats, we were interested in the possible in uehtesse metals and their salts and propose many uses with, in almost
tranquillizing drugs(chlorpromazine)on the morphine reaction every case, no evidential base.
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On the other hand, the notes predicate the ascent oémanating from this, have been the neonicotinoid group of
pharmacology and therapeutics, as illustrated by the intmtidun ~ insecticides (e.g., imidacloprid). Neonicotinoids areestVe
of sulphonamides and benzylpenicillin (penicillin G, used ador receptors in insects compared to mammalian receptors.
both inorganic and organic salts), with descriptions of &trg Whilst insecticides are less toxic in mammals, they are
pathogens, dosage and dosing intervals, adjusted for eactespe environmentally toxic, especially for the honeybee and wild
according to plasma concentration-time pro les. There wagollinators (L12).
recognition of the importance of attention to husbandry, tlie Plants produce essential oils with antimicrobial properties
preventative measures, and the animal's general condition i(113. Recently, these have been rediscovered as alternatives to
treating disease. A range of factors, potentially modifydngg  antibiotics (L14. Plants also produce compounds e.g., alkaloids

action, are outlined in the notes. which are both bitter and toxic, providing the plant with a degr
of immunity against attacks by herbivores and inse&f%/).
POSSIBILITIES FOR THE RESURGENCE Thus, plants have evolved to produce compounds not
involved in primary photosynthetic and metabolic activities,
OF MATERIA MEDICA AS FOR HERBAL but which have protective properties against predators. They
MEDICINE have been named secondary metabolite$5 The apparent

lack of primary function, together with the observation that
many secondary metabolites have specic negative e ects on
animals and lower organisms, including pathogens, has led to
. . the protective hypothesis, based on repellence or toxidity)(

In Africa up to 80% of the population depend on local \ eiapoite production may increase when the plant is under
indigenous methods of healing, while 42% of those surveyeg, .\ \hilst some are released into the air in responsesedn

in the U.S.A. had sought alternative or traditional forms Of yyac1s These compounds attract parasites and predatorkithat
health care at least onc&(§ 107). At least 25% of present- | o\ qres. Metabolites providing defenses against hereavare
day medicines derive from plants and, recently, plant-basegecively known as anti-herbivory compounds. They ingud

medicines have been found to be. eectl\{e n the ltreatmen{he many bitter alkaloids and tannins acting as deterrents
of cancer {08, Human immunode ciency virus infection and to herbivores

acquired immunode ciency syndrome (HIV/AIDS)109, and
malaria (L10).
The importance of traditional medicines in the developingWhy Do Receptors for Secondary

world and their growing popularity in industrialized counes  Metabolites of Plants Exist in Animals: The
is not lost on the pharmaceutical industry and the medicaIExamp|e of Morphine

reS(_aIarclh kcomrlnunity. Both have sought to capitalize on thg,ohine is a plant-derived metabolite, for which receptors exist
available knowledge. in animals. Many plants produce compounds of the morphine

The heal'thcar'e of animals has gerjerally mir.r(')red the use Q:flass. The opium poppy genome has been de ned in order to
herbal medicine in humans. For veterinary medicine, promste establish how it developed its therapeutic compounds?,

of thesg new prgcticgs will be well-advised to_ be aware 9{ is likely that morphine is a component of antimicrobial
metabolic ada.ptatlonsm mamlmals, potablythe major di ere8C ,ant defenses, but the question remains, why do mammals
between herbivores and carnivores in respect of_ the m_e's{ho_ll have receptors for morphine. There are morphine receptors
of plant compounds. The (_emble_ma_tlc ex_ample,wnh tO_X'C_OIdg'C"’\n the whale, a species that has no opportunity to ingest the
consequences .for_ cats, is _sall_cyllc' acid. Lloyd I_Dav!s_ Mr poppy plant. In fact, the synthesis of authentic morphine is
the species variability of salicylic acid pharmacokineé® its 5 general characteristic of eukaryotic cells, indicating & ro
very short terrr_unal hglf-llfe in herbivores (0.5h) and theree ¢ endogenous morphinel(d in animal cell functions. The
(1.0h), Iongerhlnthe p|%(5.9h), ‘E\md dog (8'6hh) b‘#mUCh IO'T_ﬂewidespread expression of morphine in plants, invertebrate
in cqts (37.6h) 111). These authors not.edt at the cat, UniiX€ and vertebrate cells/organ systems indicates a high level
herbivores, does not have reason to ingest plants containing evolutionary conservation of morphine and related

salicylic acid precursors. morphinan alkaloids, as essential chemicals for normal gnow

. and development.
Why Do Plants Produce Compounds With Similar evolutionary conservation has been reported for

Medicinal Uses but Which Are Poisonous ouabain. In 1991, Hamlyn et al1{9 isolated from human

to Animals? plasma a cardiotonic steroid, which was indistinguishabbenf
Plants produce compounds with pharmacological and/omlant-derived ouabain. It was named endogenous ouabain.
toxicological e ects in humans and other animals. Is thisEndogenous ouabain has been isolated from the bovine adrena
coincidence, co-evolution or convergence? What are theigland and hypothalamus and identi ed, by mass spectrometry
roles in plant physiology? The most likely explanation isand nuclear magnetic resonance, as identical with planivedr
that plant-produced chemicals provide protection fromouabain. Postulated physiological roles include regutetid
predators, including animals, insects, and bacteria. Theascular tone and sodium homeostasis. The physiologicalmole i
tobacco plant produces the insecticide, nicotine, andplantsis unknown.

In the twenty- rst century, traditional medicine, derivipmainly
from herbal medicine, retains a very signi cant component
of modern medical care for most of the world's population.
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Paleopharmacology and Bioprospecting two millennia, there was virtual universal acceptance of the
Bioprospecting, also described as biodiversity prospectintgei teachings of Galen, Dioscorides and others, handed down fro
systematic and organized search from bioresources inafudi generation to generation and century to century. The defense
plants, microorganisms and animals. The aim is to develofs bolstered, not so much by the limitations of the science
products for pharmaceutical, agricultural, cosmetic, andeot of the day, but rather by the virtual absence of any scientic
applications. This concept is not news, (120 but it has base at all. It was a case of virtually no science—and therefo
gained recent popularity amongst academic and industriadtommonly nonsense. In place of science were rmly held and
researchersi@). rarely challenged religious beliefs and stemming from them
To avoid biopiracy and to overcome the risks and ethicahotion that either providence or God in his goodness would
controversies associated with bioprospecting in developingrovide in nature materials for the treatment of diseases. The
countries, one approach has been to revisit ancient Europearase for the prosecution of Materia Medica is that those pratin
texts and extract from them information that the doctors andfrom it had no sense of the curious. Rather, they organized
apothecaries of the time could not develop fully, but whoseemedies on an alphabetical basis and not on any observed
testimonies might be explained in the light of current knodde.  bene cial or any measured e ect. This strict alphabetical erd
For example, researched remedies, described in the old lherbv@as questioned in the nineteenth and was abandoned in the
literature, may have potential for use in rheumatic condiso twentieth century. Insofar as observed e ect dominated, dsw
and chronic in ammatory and degenerative disease®). They not one of e cacy but of profound visually observed e ects in
identi ed 63 plants for these indications and more than halfthe treated animal. Bleeding, purging and other non-e cacso
of them have been shown to possess,vitro or in vivo, depletive and derivative methods were deemed to be the basis
antiphlogistic activities. of cure. When the wide sweep of the scientic revolutions,
Natural herbal remedies have been recommended, withotably the pharmacological and the Pasteurian, came intp, pla
claimed evidence of e cacy, which is almost universallykiag.  they superseded slowly but inevitably the dogma of centuries
For the future, herbalists must ineluctably face the questi The evolving sciences were initially retarded by practitigshe
of variability in active compound content in plants, depending(whether quali ed or not) reluctance to relinquish the basit
on source and batch dierences, as well as adulteration witltheir livelihoods. The scienti ¢ revolutions could not be applie
many other compounds, with no or even undesirable actionsoptimally until the instrumentation revolution enabled diagsis
Herbalists will also face the issue of justi cation for ugegtant  of both causes and signs of disease. It was as late as midethent
mixtures, contrasting with the assurance of selectivityymted  century that Materia Medica practices were nally replacedhsy t
by the well-characterized active constituents as pure drligs modern era of pharmacology and therapeutics.
cite one example, anemia must be addressed by determining
speci cally the cause, such as immune-mediated destructio\UTHOR CONTRIBUTIONS
blood loss, or bone marrow suppression and not just from
a simple symptomatic approach. Possibly, blood tonics mighPL and P-LT jointly conceived the idea, performed literature
o er temporary relief, whilst the cause is addressed, and magearches, extracted relevant data, and drafted and edited
even stimulate hematopoiesis. An approach might consist ahe manuscript through nine drafts. WB provided essential
administering a combination of blood tonics (Rehmannia andinformation on a German perspective and assisted with review
Dang gui). For non-specic conditions, adaptogens (such asf the manuscript through the last ve drafts. All authors
Rhodiola or Ashwagandha) have been promoted to increassontributed to the article and approved the submitted version
resistance to several types of stress and fatigue and to improv
immune health. However, the European Medicines AgencACKNOWLEDGMENTS
reported that the principle of an adaptogenic action needs further
clari cation and studies and therefore the term “adaptogen” We thank Prof. Johann Schaer for providing a portrait of
cannot be used for marketing in the EU. Finlay Dun.
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Prosecuting the past in the court of the present is a task tharhe Supplementary Material for this article can be found
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for the defense of Materia Medica, in that, for more than2021.777809/full#supplementary-material
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