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Preface

When an American botanist and a Belgian pathologist collaborate
in writing a book, the obstacles to be encountered are necessarily
numerous, and this is true of the present work even though the subject
is limited to the single substance, colchicine. Our collaboration has
required intercontinental travel, hours spent together in discussing
factual materials from plant and animal sciences, countless days
assembling a vast bibliography.

Finally, our cooperative project made it necessary to overcome
barriers inherent in our widely different research fields, to resolve
problems arising from the use of different languages, and to recognize
the dissimilar perspectives of the American and European educational
systems. But a common ground of interest was maintained, irrespec-
tive of personal interests, through a constant realization of the re-
markable and singular properties of colchicine as a mitotic poison
and as a tool for experimental work. Moreover, research programs in
mitotic problems which each of us had developed prior to the work
with colchicine provided a basis of mutual interest.

This work actually had two beginnings when in 1942, almost
simultaneously, two scientists commenced manuscripts, each without
knowledge of the other. One of them was A. P. Dustin, Sr., of Brussels,
whose untimely death occurred in the year his review was started.
The task of completing this study fortunately passed to Dr. Dustin’s
son, and in 1947 the botanical writing done in America by the senior
author and the medical studies under way in Europe were brought
together into one joint project. It was decided to integrate the many
lines of research with colchicine into one study. This book is the
result of that cooperative effort.

A survey of the chapters comprising this study will indicate the
many lines of research that have been included. The modern litera-
ture on colchicine is vast. The references to gout alone would require
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pages. Rather than catalog titles, we have brought together significant
contributions and have attempted to correlate the various lines of
research. Whenever possible, we summarize the basic contribution,
point out differences of opinion, and, most important, call attention
‘to work that needs to be accomplished. Finally, in retrospect over the
modern period of studies of colchicine, one of our purposes has been
to point out the progress made, rather than to predict what is to come.

For the shortcomings, the errors of interpretation, statements of
viewpoints not pleasing to all specialists, which may be found in any
portion of this book, the authors assume full responsibility. We who
have assembled as many as possible of the important facts about col-
chicine welcome corrections and comments concerning the conclusions
which we have reached.

The modern period of research with colchicine began in 1889,
when Pernice described metaphasic arrest produced by this drug.
Until Pernice’s report was rediscovered; Dixon an
as the pioneers. Thus, our search for all references to colchicine was
rewarded. Special recognition is due to Nancy Gay-Winn, whose
diligent quest led to this classic work by Pernice.

Colchicine in its present role as a mitotic poison and as a tool
for biological research was discovered in 1984 at Brussels, Belgium,
in the laboratory of Professor A. P. Dustin, Sr., who for a long time
had been investigating means of altering mitosis. When colchicine
was suggested by a Brussels medical student, F. Lits, the characteristics
of colchicine were quickly measured. Our review covers the period
from 1934 to the middle 1950’s.

In 1937 botanical research began in several countries, generally
following descriptions or reports of unusual observations from animal
cells. In this same year, the scientists at Brussels included Allium root
tips for their tests. Other botanists chose Allium root tips or plant
materials to illustrate the action of colchicine. In this year the role of
colchicine as an agent for the induction of polyploidy was conclu-
sively demonstrated.

The horizons of colchicine research widened quickly when bota-
nists learned how effectively the drug could be used in their work.
Laymen became interested in the drug as references to cancer entered
the discussions and as the creation of new varieties of plants stimulated
new programs in agriculture. A broad scope of research was opened
up by this single substance.

Organic chemists realized that Windaus’ concept of the structural
formula for colchicine needed revision. In 1940 definite evidence was
at hand. There followed an unusually large volume of research on
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the chemistry of colchicine. In 1947 we realized the need for specialized
help. Fortunately, Dr. James D. Loudon of Glasgow University,
Scotland, who worked with the group that began the revision of col-
chicine structure, generously contributed to this aspect of the study.
We express our gratitude to him for the writing of Chapter 6.

Colchicum, which is a drug plant of antiquity, has a long history
in the annals of pharmacy. Professor F. Santavy of the Medical Insti-
tute of Olomouc, Czechoslovakia, provided special materials for
Chapter 5. Many facts about the pharmacognosy of Colchicum were
compiled by Mr. Tkram Hassan of the University of Panjab, Lahore,
Pakistan. We appreciate their special aid in the preparation of
Chapter 5.

However, the authors, and not the contributors mentioned, assume
full responsibility for the material published. We are grateful for
help from our publishers, the Towa State College Press, and particu-
larly its Chief Editor, Mr. William H. Van Horn.

Financial aid is necessary for a project of this proportion not
designed specifically for return of investment. We have received
support from organizations whose contributions were made without
consideration of a future financial return.

Some grants-in-aid were made to each author and some jointly
to this project. Without citing specific contributions it is our pleasure
to acknowledge with thanks the following organizations, foundations,
and agencies providing funds. But quite as important as the financial
aid, have been the approval and encouragement given to us in our
efforts.

These contributors are listed herewith: Carnegie Corporation of
New York, Century Fund, Northwestern University, Colchicine Re-
search Foundation, Fonds National de la Recherche Scientifique (Brus-
sels), Funk Brothers Seed Company, Genetics Society of America,
General Biological Supply House, Graduate Committees on Research
of the University of Oklahoma and Northwestern University, John
Crerar Library, Lady Tata Memorial Fund, National Cancer Institute
of the National Institute of Health, U. S. A., Rosenheim Foundation,
Pakistan, United States Educational Foundation, Pakistan, United
States Educational Foundation, India, United Nations Educational
and Scientific Organization, University of Oklahoma Research Insti-
tute, University of Oklahoma, Department of Plant Sciences, Univer-
sité libre de Bruxelles, Faculté de Médecine, Belgium.

Contributions in preparing the manuscript were made during the
course of our work. For illustrations, photographs, typing, photo-
micrography, bibliography, and reference work we express our thanks.
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CHAPTER 1

The Parent Plant

1.1: The Knowledge of Colchicum in Ancient Civilizations

The history of Colchicum, the drug of ancient and modern materia
medica, is rooted in the myths and the written records of ancient
Egypt, India, and Greece, and runs its course through the ages into
the world of today. Not only do modern formularies admit Colchi-
cum, the producer of the pure substance colchicine, but this plant is
probably one of those mentioned in the Ebers Papyrus. This Egyp-
tian document was prepared about 1550 B.c., and is our oldest medical
text. Colchicum could be one of the saffron plants of the Papyrus.
From this early age through thirty-five centuries of medical history to
the compilation of the modern pharmacopeias, very few drug plants
have survived. In fact, only eighteen, among seven hundred plants*
originally listed as material for ancient Egyptian practitioners,
achieved such historical fame.

The Egyptian civilization developed a code for practicing medi-
cine in which plant products played an important role, and the Ebers
Papyrus summarized this accumulation of knowledge. Egyptian doc-
tors were advised in the Papyrus to give various seeds to their patients
for relief from aches and pains. The seeds were administered on
bread.®? While pure colchicine was not given in these doses, we can
assume that the drug was used in treating rheumatism and gout, ail-
ments which then and even yet afflict the human race. It is probable
also that, if seeds were used, a large quantity would have been ad-
ministered to the patient.

A danger associated with using colchicine in the crude form is
the poisonous property of the drug. Enough active substance can be
given to cause death in warm-blooded animals. Dry seeds may have
as much as four parts of the drug per thousand of dry raw material.
Perhaps some patients died from the colchicine prescription, for
severe punishments were said to be meted out to ancient doctors when
a patient succumbed. In some instances the physician even paid with

[1]



2 Colchicine

his life.2? Since gout and rheumatism were common ailments among
the noble and the wealthy, the attending physicians, who were often
servants of the court, must have held a rather precarious position.
Yet, in spite of its poisonous nature, Colchicum in correct dosage was
capable of relieving pain if administered as seed, powdered corm, or
even dried flowers. It is probable that substitutes for Colchicum, as
well as similar plants containing very small amounts of colchicine,
were employed.

Plants were frequently used in ancient days without sound basis,
and more magic than medicine was practiced; in fact, magic and the
medicine man have been associated through the ages. Our modern
word pharmacy originates®* from an Egyptian term pharmaki and the
Greek pharmakon. These terms are in turn related to another Egyp-
tian word pharmagia, which means the art of making magic.

Another civilization, the Hindu, developed a medical system inde-
pendent of the Egyptian and the Babylonian. This period is known
as the Vedic,?® and extends from 2000 B.c. to 800 B.c. Much informa-
tion about treating diseases with plants is transmitted in the Vedic
text.2? Although in this book specific plants are mentioned and cer-
tain diseases noted, and while Colchicum luteum, a producer of pure
colchicine, is common in the Indus River area of the Himalayas, the
present Indian Colchicum cannot be deciphered from this book.

At some time during the Vedic period a traffic in drugs was estab-
lished between the Orient and Arabia. Good evidence is at hand to
show that Hindu medicine had an influence upon Arabian medical
knowledge. There was a serious decline in Hindu medicine, but the
traffic in drugs continued. This exchange reached such proportions
that Pliny the Elder complained about his money being drained to
the Orient for drugs. Two species, known as the Kashmir hermodac-
tyls,” could have been among these drugs. They are identified as
Colchicum luteum and Merendera persica. Although both contain
colchicine, the respective quantities differ markedly, as will be de-
scribed later.

Botanical historians®! tell of an ancient class in Greece known as
the Rhizotomi, or root gatherers. They were pharmacobotanists prac-
ticing their art in the pre-Hippocratic era; their powers resembled
those of magicians, associating all manner of ritual with the collec-
tion, preparation, and dispensing of roots. Such details as the wind
direction, time, season, as well as astronomical signs were observed.

Since foods were primarily grain and leaves, the roots must have
served other purposes such as medicine. Driving away evil spirits
that caused disease may have been helped by using underground plant
parts, and the trade in roots by the Rhizotomi flourished.?!

More than fifty species containing colchicine are native to the
region where the Rhizotomi practiced.#? The most notable species is
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Colchicum autumnale,*' that produces flowers in autumn followed by
leaves, fruits, and seeds the next spring. Such an unusual habit must
have attracted these pharmacobotanists.?!

Perhaps the best link between ancient and modern medicine is
seen in the two drugs found in Oriental bazaars: the Surinjan-i-talkh
and the Surinjan-i-chirrin.” These corms are distinguished as bitter
and sweet surinjan and are obtained from the Kashmir hermodactyls
growing in the northwest Himalayan foothills.? Botanically the drugs
are identified as (1) Colchicum luteum, the bitter, and (2) Meren-
dera persica, the sweet; both contain colchicine, 0.2 per cent and 0.02
per cent, respectively.?? Pharmacists advise their use for rheumatism
as well as for aching joints.

If these same hermodactyls entered the drug trade from the Orient
to Arabia, then early Arabian physicians may have borrowed their
ideas for treating gout from this source. It is difficult to determine
how many centuries have passed since the Hindu specialists began
collecting the hermodactyls and other plants useful in medical prac-
tice. But their knowledge of herbs has been handed down for count-
less generations to their successors of the present day.

The ancient usage of Colchicum, along with an antiquity in medi-
cine, can be established through several sources: the Ebers Papyrus,
a drug traffic from the Orient, and the evidence about a pharmaco-
botanical trade practiced by the Rhizotomi. Present-day surinjan
may link the past to modern medicine.

Our discussion of the knowledge of Colchicum in the ancient
world turns for a moment to Greek history and mythology, and it is
in Greece that the period we are examining will close with the or-
ganization of medical knowledge around the system of Hippocrates.

Colchicum is named for the land of Colchis at the eastern tip of
the Black Sea.t7- 22 In this area the plants are most abundant. When
Colchis was mentioned to the Greek, visions of sorcery immediately
arose. This was the land where Jason secured the Golden Fleece.
Here he met the sorceress Medea, famous for her powerful life-giving
brews. She was said to have rejuvenated Jason’s aging father by sub-
stituting a special potent mixture for his blood. Many of her direc-
tions for poisonous mixtures required underground roots. Magic
powers were associated with these ingredients that figured in Medea’s
sorcery.%

Among the instructions for making a certain mixture were specific
details for collecting the poisonous plants.® In one instance, only
during a hoarfrost could roots be dug. While boiling the juices in
a pot, it was said olive branches touching the brew would immediately
bring forth flowers and fruits.

The ancient Colchian kings had gardens containing poisonous
species. Undoubtedly the knowledge of the toxic properties of plants



4 Colchicine

was at their disposal. Such plants might have served their intrigues
and provided means for the elimination of competitors or persons
convicted of crime.

1.2: Botanical Studies of Colchicum From Dioscorides to Twentieth-
Century Investigators

In the land of Colchis, along the Black Sea, an autumn-flowering
crocus-like plant occurs in abundance (Fig. 1.1). Dioscorides, first
century botanist-physician, knew about this particular species from
either personal observations in the area or through reports by travel-
ers to this region. This fall-blooming meadow saffron was named the

-

Fig. 1.1—Flowers of Colchicum autumnale showing only the floral parts above ground.
(Photograph, courtesy of General Biological Supply House, Chicago, IIl.)
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Colchicon,?? a name which has been continued in its Latinized form
to the present time.

Dioscorides made very careful descriptions dealing with such
phases as growth, development, and morphology of the plant. His
drawings involving two plants (Fig. 1.2), one with fruits, seeds, and
leaves, the other with flowers only, clearly show that he associated

292 Pedacii Diolcoridis Biertes Budy
SHerbRdumen. Herbfibiumen.

Fig. 1.2—Diagrams showing the seed-producing portion of Colchicum autumnale, and the
flower stalk appearing in autumn. A, fruiting; B, flowering. (After drawings by Dioscorides)

autumnal flowering with spring fruiting, both having the same under-
ground portion. This was a careful scientific observation for his day.
Such great detail was given to the corm, bud, leaf, flower, and seed
that writers copied his observations and drawings for the next fifteen
centuries.

Since the botanical and medical professions were closely allied in
the times of Dioscorides, it was natural that the objective of his study



é Colchicine

should extend beyond strictly botanical descriptions and that his
primary interest should be in the medical application of plants. He
warned that Colchicon was a dangerous poison and compared it with
the mushroom that causes death (Fig. 1.3). He was concerned that
this plant might be used by practitioners unaware of its poisonous
nature, and the effect of his careful descriptions and stern warnings
was so profound that many followers avoided the use of Colchicon.

$Heabfiblumen,  Spinmblumen,  Colchicon, Bulbus
Agreftis. Eap. frry.

18 nnblumen | Nachtblumen ) Herbblumen | @riechifch Colchicon, su Satciuf,:r"’""
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Fig. 1.3—Dioscorides’ description of Colchicum taken from the Krauterbuch of Pedanius
Dioscorides, printed by J. Bringern, Frankfurt, 1610. Reproductions obtained thrcugh court-
esy of John Crerar Library, Chicago, Il

In spite of such warnings, Dioscorides believed plants were very
useful in the medical practice. Accordingly, other less poisonous
species were recommended. In one case he suggested the Ephemeron
instead of the Colchicon, particularly for those tumors that had not
yet spread into the body. The Ephemeron is now identified as Colchi-
cum lingulatum, *1 which contains less colchicine than C. autumnale,
the autumn-flowering plant, his Colchicon.*™ There can be no doubt
that his careful attention to species difference distinguished him as a
great botanist.

The Greek physicians at the beginning of the Christian era de-
veloped a distrust for Oriental medicine, notably the plants that were
used in drug traffic.?> This suspicion had been aroused as early as
the time of Hippocrates. Perhaps there was some basis for their
doubt. If our assumption was correct that Kashmir hermodactyls
were introduced into this drug traffic from the Orient to the West,
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then two very similar drugs would have appeared. These are Colchi-
cum luteum and Merendera persica, which were described in the last
section. While the alkaloid contents of these two plants differ con-
siderably, it is probable that then as now they were sold under the
name surinjan. A careful worker like Dioscorides would not have
been misled by these substitutions, but not all Greek physicians were
skilled in distinguishing botanical specimens, and they undoubtedly
appreciated the excellent services rendered by Dioscorides through
his botanical investigations.

In the following fifteen centuries, down through the period of the
Herbalists, nothing different was added to the description of Colchi-
con. In fact, the Herbalists merely copied and repeated what Dios-
corides and several other botanists of his period had written.*” The
great contributions made during the fifteenth to seventeenth centuries,
of course, were the translation, copying, and printing which made
book production easier than at any previous period in history.

The Herbalists?? collected interesting names that became associ-
ated with Colchicon.*™ These usually refer to the poisonous features
or to some unusual habit such as fall flowering and spring fruiting.
The plants were called “mort au chien,” or “death to dogs.#” The
name “bulbus agrestis,” or “wild bulb,” was commonly used.*” Since
the flowers appeared in clusters out of the ground without leaves
associated, a descriptive name ‘naked ladies” was given. Probably
the most involved name was the Latin “Filius ante patrem,” trans-
lated “son before the father,” meaning a deviation from established
biological laws.#7 This is understandable, for when they associated the
spring seeds and fruiting with the flowers that came up the same
year in autumn, several months later, it was an instance of the off-
spring preceding the parents. However, Dioscorides had made the
correct interpretation because his diagrams (Fig. 1.2) clearly associ-
ated buds, flowers, leaves, and fruits at the correct season and he
realized that the flowering plants of autumn put forth fruits the
next spring. Some Herbalists devoted much discussion to the growth
habits involving flowering and fruiting. Finally, the common name
Hermodactyl caused confusion for a long time until it was clearly
shown that the Colchicon and Hermodactyl were the same plant.??

Linnaeus kept the original name given by Dioscorides, changing
it from the Greek Colchicon to Latin Colchicum, when he devised his
extensive system of nomenclature. A binomial affixed to the autumn
crocus was published in Species Plantarum, 1753: Colchicum autum-
nale L. The species describes the fall-flowering character, and the
genus retains the original reference to the land of Colchis. Very few
changes were made in descriptions as originally given by the Greek
botanist. Linnaeus made an important contribution in showing re-



