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FOREWORD

Henry Ford was famously contemptuous of history. He is on record as
saying, “History is more or less bunk. It’s tradition. We don’t want
tradition. We want to live in the present and the only history that is
worth a tinker’s damn is the history we make today.” Personally I pre-
fer George Santayana’s view: “. . .[W]hen experience is not retained, as
among savages, infancy is perpetual. Those who cannot remember the
past are condemned to repeat it.” But how relevant is historical toxi-
cology? What can we modern toxicologists (and our regulatory author-
ities) learn from the past? One important lesson is that toxicity can
affect people anywhere, in any society, at any level, and for many
years, without anyone being aware of it. Toxic effects on the brain
may be responsible for misjudgments by political leaders that can have
disastrous consequences. Toxicity may have caused the fall of empires.
Jerome Nriagu [1] has argued in his 1983 book that “lead poisoning
contributed to the decline of the Roman empire.” Louise Cilliers, in
Volume 1 of this series, though, disagrees with Nriagu's conclusion.
Thus, we must consider further the Roman emperors’ possible expo-
sure to other toxicants described by Cilliers and Retief in an earlier
article [2]. Maybe excessive wine consumption was enough to explain
the emperors’ self-destructive behavior. Maybe the effects of ethanol
were supplemented by the effects of opium, widely used in ancient
Rome as a soporific and an analgesic as well as an aid to digestion [2].
There is clearly still much scope for further research in this area.

Another empire that may have suffered the consequences of toxicity
at the highest level is that of China. It seems possible that the latter days
and decisions of the Chinese Emperor Qin Shi Huang may have been
adversely affected by exposure to mercury. According to the historian
Sima Qian, this emperor was buried in a mausoleum with 100 rivers of
flowing mercury in addition to his now famous “terra cotta army.”
Reportedly, Qin Shi Huang died as a result of ingesting mercury pills,
prescribed by his alchemists and court physicians in order to make him
immortal [3]. It is not unreasonable to suppose, based on his interest in
flowing mercury, which probably was to be found in his palace as well



as his mausoleum, that some time before his death he was already
suffering from mercury poisoning and that his mental function and
judgment were impaired as a consequence. It is also likely that his son,
the succeeding Emperor Qin Er Shi, had suffered exposure to mercury
in his father’s palace and that this led to his ill-judged decisions—for
example, his command to lacquer the city walls [4]. In any event, his
incompetence led to revolt, he was forced to commit suicide, and the
Qin Dynasty and Empire came to an end, with the Qin capital being
destroyed by rebels [4].

With these thoughts in mind, all toxicologists and all those concerned
with human health, the environment, and the possible influence of toxic
human environments on our political leaders must welcome the insights
from history that this first volume and succeeding volumes in this new
series of publications will bring. Frequently, I hear toxicologists remark
that they might have reached better conclusions in the past “with the
benefit of hindsight.” Now that this series will give us the all the benefit
of hindsight, no doubt “better conclusions” will follow.

John Duffus
The Edinburgh Centre for Toxicology
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PREFACE TO THE SERIES AND VOLUMES 1 AND 2

In the realm of communicating any science, history, though critical to
its progress, is typically a neglected backwater. This is unfortunate, as
it can easily be the most fascinating, revealing, and accessible aspect of
a subject which might otherwise hold appeal for only a highly special-
ized technical audience. Toxicology, the science concerned with the
potentially hazardous effects of chemical, biological, and certain physi-
cal agents, has yet to be the subject of a full-scale historical treatment.
Overlapping with many other sciences, it both draws from and contri-
butes to them. Chemistry, biology, and pharmacology all intersect
with toxicology. While there have been chapters devoted to history in
toxicology textbooks, and journal articles have filled in bits and pieces
of the historical record, this new monographic series aims to further
remedy the gap by offering an extensive and systematic look at the
subject from antiquity to the present.

Since ancient times, men and women have sought security of all
kinds. This includes identifying and making use of beneficial sub-
stances while avoiding the harmful ones, or mitigating harm already
caused. Thus, food and other natural products, independently or in
combination, which promoted well-being or were found to have drug-
like properties and effected cures, were readily consumed, applied, or
otherwise self-administered or made available to friends and family.
On the other hand, agents found to cause injury or damage—what we
might call poisons today—were personally avoided although sometimes
employed to wreak havoc upon one’s enemies.

While natural substances are still of toxicological concern, synthetic
and industrial chemicals now predominate as the emphasis of research.
Through the years, the instinctive human need to seek safety and avoid
hazard has served as an unchanging foundation for toxicology, and
will be explored from many angles in this series. Although largely
examining the scientific underpinnings of the field, chapters will also
delve into the fascinating history of toxicology and poisons in mythol-
ogy, arts, society, and culture more broadly. It is a subject that has
captured our collective consciousness.



The series is intentionally broad, thus the title History of Toxicology
and Environmental Health. Clinical and research toxicology, environ-
mental and occupational health, risk assessment, and epidemiology, to
name but a few examples, are all fair game subjects for inclusion.
Volumes 1 and 2 focus on toxicology in antiquity, taken roughly to be
the period up to the fall of the Roman empire and stopping short of the
Middle Ages, with which period future volumes will continue. These
opening volumes will explore toxicology from the perspective of some
of the great civilizations of the past, including Egypt, Greece, Rome,
Mesoamerica, and China. Particular substances, such as harmful bota-
nicals, lead, cosmetics, kohl, and hallucinogens, serve as the focus of
other chapters. The role of certain individuals as either victims or practi-
tioners of toxicity (e.g., Cleopatra, Mithridates, Alexander the Great,
Socrates, and Shen Nung) serves as another thrust of these volumes.

History proves that no science is static. As Nikola Tesla said, “The
history of science shows that theories are perishable. With every new
truth that is revealed we get a better understanding of Nature and our
conceptions and views are modified.”

Great research derives from great researchers who do not, and can-
not, operate in a vacuum, but rely on the findings of their scientific
forebears. To quote Sir Isaac Newton, “If I have seen further it is by
standing on the shoulders of giants.”

Welcome to this toxicological journey through time. You will surely
see further and deeper and more insightfully by wafting through the
waters of toxicology’s history.

Phil Wexler

xvi Preface to the Series and Volumes 1 and 2



CHAPTER 11
Toxicology in Ancient Egypt

Gonzalo M. Sanchez and W. Benson Harer

1.1 INTRODUCTION

The ancient Egyptians were astute observers of natural phenomena.
The ability to incorporate these observations into their beliefs about
religion, politics, and magic was a major factor in the survival of their
culture for so many centuries. Maat was their term for the proper
order of things in the world.

Poisonous snakes and insects posed a special challenge to incorpo-
rate into a proper order of the universe. The Egyptians’ solution to
incorporating them into their belief system was to be able to control
them by magic. The scorpion became the goddess Selket, one of the
guardians of the king’s sarcophagus. At least 10 gods and goddesses
who could be protective were portrayed with serpent heads. The king,
for example, converted the cobra to his protector. The horned viper
was the hieroglyph word for the masculine designation as well as for
the letter “f.” When the horned viper depiction in a glyph was needed
in an inscription in a tomb, there was a perceived risk that it could
come to life to bite the owner so it might be portrayed with the head
severed from the body to be safe. Magic, or “ritual power,” was pro-
duced to protect the deceased from the most dangerous entity of all,
the serpent Apophis, who threatened to block the king’s passage
through the dangerous night to rebirth in the afterlife.

1.2 SNAKES AS DESCRIBED IN THE BROOKLYN PAPYRUS

The study of venomous snakebite, its chemistry, its mode of action,
and the biology of the venom-producing organism are considered part
of the science currently known as toxinology. The Brooklyn Museum
Papyri, ca. 525�600 BCE, consist of two sections, 47,218.48 and
47,218.85, which describe individual snakes and treatment for snake-
bites, respectively [1]. These papyri, translated by Sauneron [2],
are our major source of information on snakebites in ancient Egypt.

History of Toxicology and Environmental Health. DOI: http://dx.doi.org/10.1016/B978-0-12-800045-8.00001-0
© 2014 Elsevier Inc. All rights reserved.
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The Brooklyn Papyri originally contained 100 paragraphs; y1�13 are
missing, but presumably contained material similar to that found in
y14�38. A summary of the information included therein is as follows:

Paragraphs 14�37:

1. Snake identification by name; physical characteristics of size, color,
shape of the head, neck; bite marks; behavior; reptation (i.e., the
manner in which it crawls); aggressiveness; and the snake’s state of
alertness (some text is missing).

2. Effects of the bite, local symptoms (swelling, bleeding, pain, necro-
sis, and discoloration), and systemic symptoms (fever, vomiting,
fainting, loss of strength, loss of consciousness, tetanization, possi-
ble seizures, and coma).

3. Prognoses and recommendation of initial treatment.

Paragraph 38: Description is of a chameleon, not a snake.

Paragraphs 39�100 include treatments for the snakebites described.

1.2.1 Snake Identification
Identification of snakes from ancient Egyptian descriptions in sections
47, 218, and 48 of the Brooklyn Papyri are not established with cer-
tainty. In paragraphs 13�37, Sauneron [2, p. 164, 165] labels his identifi-
cation of 18 of them as “probable” and his identification of four of them
as “possible.” Likewise, Nunn and Warrell identify 13 of these and label
those as tentative identifications [3, p. 183�6]. An example of certainty
in snake identification is shown in parallel texts y28 [2, p. 25] and the
contemporary description of Cerastes cerastes [4, p. 121�3] (Figure 1.1).

The snake identification in the Brooklyn Papyri has raised an inter-
esting issue with the snake in y15, Apophis, as this snake features most
prominently in the mythology of ancient Egypt as the personification
of evil. Apophis is represented in the various royal tombs and in the
Book of the Dead, with consistent morphological characteristics: a
large snake with a small head, large eye, and round pupil. The body is
dark on top with a distinct light underbelly. Apophis in the Brooklyn
Papyri [2, p. 9] is described as a large snake, reddish brown in color,
with a light underbelly, having four fangs and a lethal bite. Regarding
the identification of the snake in y15, John Nunn [3, p. 185] remarks,
“A positive identification would be valuable, but no Egyptian snake
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fits the description. The largest and most rapidly fatal snake is the
Egyptian cobra.” The two large dangerous snakes currently in Egypt
are the Egyptian Cobra and the Desert Black Snake [4, p. 69, 70, 87;
5, p. 155, 156, 188]. Although we agree with Nunn that “no Egyptian
snake fits the description” of the snake in Brooklyn Papyri y15, it is
possible that such a snake can be found in Sudan. The desertification
shift occurring in Southern Egypt in the last five millennia resulted in
its flora and fauna retreating to Sudan [2, p. 146; 6, p. 45]. Four large
venomous snakes found today in Sudan are the Black Mamba, Puff
Adder, Black Spitting Cobra, and Boomslang [5, p. 165, 194, 198,
203]. While no longer found in Egypt, the Puff Adder can be easily
identified as the snake in y33 [2, p. 29]. Of these four snakes, only the
Boomslang (Dyspholidus typhus in the Colubridae family) has those
physical characteristics that could correspond to the snake in y15,
Apophis (Figure 1.2).

1.2.2 Symptoms of Snakebite
The Brooklyn Papyri and other Egyptian texts demonstrate that the
ancient Egyptians recognized the different symptoms and signs of

Figure 1.1 Sahara Horned Viper. Comparative text from the Brooklyn Papyri with a contemporary source. Photo
by Gonzalo M. Sanchez, author.
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serious snake envenomation according to their source: vipers or cobras
and related snakes (elapids). An example is found in the legend of the
god Ra suffering the effects of viper envenomation after having been
struck by a snake [7, p. 324, 325].

Today, we understand that these clinical effects are due to the main
toxic components of the specific venoms in the various snake families,
predominantly hemotoxins in vipers and neurotoxins in elapids.

Viper venom causes tissue damage at the bite site and in its proxim-
ity, with changes in red blood cells, defects in coagulation, and damage
to blood vessels and often to the heart, kidneys, and lungs.

Neurotoxic venoms of elapid snakes (i.e., cobras) cause lesser local
tissue damage, but rapid alterations to the nervous system, secondary
cardiac and respiratory failure, and death.

Figure 1.2 Brooklyn Papyri serpent Apophis, comparison with Boomslang. Reproduction of the god Atum spearing
the serpent Apophis from the tomb of pharaoh Ramses I in Luxor, Egypt is from public domain file: Apep 1 jpg,
from Wikipedia Commons. The composite hieroglyph text and legends done by Gonzalo M. Sanchez, author. The
Boomslang snake photo in this regarding Apophis is used with permission from his owner Travis Phillip.
Permission filed.
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1.2.3 Prognosis
• “He will die immediately”: (y15, 16, 17) [2, p. 9�12]. “Death hastens

very quickly” (y19) [2, p. 14].
• “He will live”: (y22, 25, 26, 28) [2, p. 16, 21, 22, 25]. “One does not

die because of it”: (y21, 32, 33, 37) [2, p. 15, 28, 29, 33, 34].
• “One can save him” (uncertain): (y14, 18, 20, 24, 27, 29, 30, 31, 33,

34) [2, p. 7, 13, 14, 19, 20, 23, 26, 27, 29�31].

The prognosis of the number of days the patient could survive is
sometimes related to whether or not he vomited and whether magic
could be administered [2, p. 180, 181].

1.2.4 Treatment [2, p. 180�213]
Some treatments were for any snakebite and some were snake specific.

Bites by the lethal snakes y15, 16, 17, 19 received no treatment
[2, p. 9�12, 14]. The bite by snake y33 received treatment, except
when the patient had developed signs of what today we understand to
be cranial nerve dysfunction [2, p. 29, 30]. Magic is considered useful
in y17 [2, p. 186�8].

Therapeutic measures, whether local or systemic, were primarily
symptomatic. In viper bites, local edema, necrosis, weakness, sweating,
tremors, bleeding, thirst, fever, and pain were treated. In elapid
bites, treatment was intended for paralysis, dyspnea, heart failure,
aphasia, and seizures.

For local wounds, the bite site was treated with medications kept in
place by bandages, with fumigations, and sometimes with incisions or
debridement over which medications were applied (y31, 32) [2, p. 27�9].
No tourniquets were used.

Discussion of the extensive pharmacopeia included in the Brooklyn
Papyri is beyond the scope of this chapter. Because of the extensive
use of Allii Cepae, the onion, it will be addressed here. Onion/water
preparations were applied to the bite from the snake identified as
Sekhtef y46 in the treatment section only [2, p. 41]. This snake is not
listed in the extant section on snake identification due to the loss of
paragraphs 1�13. Onion was also used in coating and fumigating the
bite of the Black Spitting Cobra y47g, 82b; [2, p. 42, 48] in compresses
for Echis coloratus y48c bite; [2, p. 42] in bites of “any venomous
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snake” y92, 95b; [2, p. 50] and particularly with copper fillings to the
bite of the Persian viper y51c [2, p. 43].

Possible effects of the topical use of Allii Cepae in snakebite include
the following:

a. Phospholipase A2
Snake venom phospholipase A2 (PLA2) toxins are present in
almost all venomous species. Having different tissue targets, these
toxins, we know today, can be myotoxic and/or neurotoxic
[8, p. 2897�912] and can lyse the phospholipid membranes of red
blood cells [9, p. 60�73]. The release of arachidonic acid metabo-
lites produces inflammation [10, p. 947�62]. The topical application
of an aqueous extract of Bulbus Allii Cepae (10% in a gel prepara-
tion) has been found to inhibit mouse ear edema induced by arachi-
donic acid. The flavonoids quercetin and kaempferol in onions
inhibit phospholipase A2, or PLA(2), cyclooxygenase, protein
kinase, and the release of histamine from leukocytes [11, p. 10].

b. Paralyzing the lymphatic pump
Large toxin molecules from elapid snake venoms need first to be
absorbed and transported into lymphatic vessels before entering the
bloodstream [12, p. 183�5]. The current use of pressure immobiliza-
tion in elapid snakebites is done for the purpose of impeding lym-
phatic transport without compromising arterial blood flow, thereby
delaying toxins entering the circulation [13, p. 809�11]. Slowing of
the lymphatic pump up to 400% by topical use of ointment contain-
ing glyceryl trinatrate, which releases nitric oxide, has been
demonstrated by Australian investigators led by Dirk van Helden
[13]. Thus, the release of nitric oxide from S-nitrosoglutathione con-
tained in extracts of aqueous garlic, onion, and leek [14, p. 396�402]
could explain some benefit from the use of topical applications of
aqueous onion in elapid snakebites by the ancient Egyptians. The
nitric oxide effect on the lymphatic pump would have been at least
temporarily beneficial.

Believing that onion would kill the venom of any snake (y42)
[2, p. 186] and that vomiting would get rid of the poison, the ancient
Egyptians often used emetics and onions in the systemic treatment
of snakebite. Recent research has demonstrated the plausibility of
onion as a therapeutic agent. In ancient Egypt, onion mixed with
beer (and other substances), for example, was ingested and then
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vomited after a specified period of time [2, p. 56, 57, 66, 69, 72, 74,
76, 83, 84]. Texeira 10 found that oral administration of an ethanol
extract of onions to guinea pigs inhibited smooth muscle contrac-
tions in the trachea and also inhibited histamine-, serotonin-, and
acetylcholine-induced contractions in the ileum.

1.3 SCORPIONS

1.3.1 The Berlin Papyrus
The Berlin Medical Papyrus [15, p. 278] (ca. 1200 BCE) is a general med-
ical document that parallels the medical content of the Ebers Medical
papyrus. Its paragraph y78 lists unknown ingredients used for fumiga-
tion treatment of a scorpion “bite.” Other treatments given for scorpion
sting in the Egyptian literature are magic incantations, like the “Spell
for conjuring a cat,” [16, p. 15] which involved repelling the poison by
magic, along with the use of fabric and incisions to remove the venom.

1.4 TETANUS

Tetanus infection developing as a complication of an open wound is
addressed in the Edwin Smith Papyrus Case No. 7 [17, p. 71�85]. This
document (ca. 1650�1550), currently housed at the New York Academy
of Medicine, is the second major text related to ancient Egyptian medi-
cine. It is a copy of the older original (date range 2200�2000 BCE) which
has not been found. The Edwin Smith Papyrus, the first comprehensive
trauma treatise in the history of medicine, presents a pragmatic approach
to the classification and management of head, neck, and upper body inju-
ries and is the source of numerous anatomical and functional concepts of
the nervous system. In Case No. 7, the ancient Egyptians appear to
extend the concept of illness originating from penetration of the body (by
unknown entity) through an open cranial wound, resulting in the devel-
opment of symptoms of tetanus “because of that wound. . . .” They
understood the effects of tetanus and the futility of treatment, even
though the nature of this toxin would not be known for millennia.

1.5 PLANT AND MINERAL TOXINS

The ancient Egyptians did not embrace poisoning as a means of execu-
tion or assassination as was later done by the Greeks and Romans.
A possible exception is the much-discussed murder of Ramses III in a
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conspiracy hatched in his harem [18]. The trial of the perpetrators was
documented and indicates that he survived for 2 weeks after the
attempt by unspecified means involving magic. This suggests the use of
a slow-acting poison such as ricin, found in the seed of the castor
plant. The Egyptians were probably aware of the danger of the castor
bean since they understood the use of castor oil as medicine. A magical
incantation was considered essential to activate ingredients.

Dosage determines the ranges of therapeutic action and toxicity of
drugs. The Ebers Papyrus [19], dated to 1536 BCE (the 9th year of the
reign of Amenophis I), is the most voluminous papyrus document
known. It is a medical text that provides over 800 recipes to treat
almost any symptom imaginable. All the components were dispensed
by volume rather than weight, and treatments could be administered by
mouth, anal, or vaginal suppository, by lotion or ointment applied to
the skin, or even by fumigation as smoke. A critical element, however,
is that they be accompanied by an incantation to assure their efficacy.
Therapeutic or toxic effects were dependent on the degree of absorption
into the patient’s body. Experience would have permitted them to avoid
toxic levels of drugs such as wormwood, hyoscyamine, and mandrake,
but no actual references to toxicity were made.

Alcohol is well understood for its dose-related toxicity. The
Egyptians consumed it in both beer and wine. Indeed, beer was a sta-
ple of their diet. Their writings berate overindulgence and they were
aware that alcohol could be habit forming. Wine was the drink of the
elite. Both were used as vehicles for many prescriptions. Their beer
probably contained about 5% alcohol and their wine 10�14%. With
those concentrations, they probably didn’t drink sufficient amounts to
raise the blood alcohol to a lethal level. We know of no account of
death from alcohol poisoning.

It appears that they understood that some of their therapeutic alka-
loids were soluble only in alcohol, and used beer or wine as vehicles
for their delivery. A papyrus in Leiden gives us the original recipe for
a “Mickey Finn,” a potion to put an unsuspecting person to sleep—
mandrake and hyoscyamine steeped in wine [20, p. 148�51]. Another
example is the Egyptian “lotus,” more accurately described as
Nymphea cerulea and Nymphea alba. Both contain narcotic alkaloids
[21, p. 49�54]. The latter are concentrated in the flower, but not in the
seeds or leaves. The blue lotus figures prominently in Egyptian
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mythology, with its yellow stamen mimicking the sun in the blue sky
of the petals. Four of its active ingredients have been isolated and stud-
ied. While the narcotic properties of the lotus are not well recognized
by Egyptologists, there is good evidence that it was understood by the
ancients. Two prescriptions in the Ebers papyrus use beer and wine in
which it has “spent the night” as the vehicles to carry it. The true
Nelumbo lotus, which contains 14 powerful narcotic alkaloids, did not
enter Egypt until the Persian conquest in 525 BCE.

In 1934, Dawson [22, p. 185�8] proposed that the word
Shemshemet could be cannabis. Since then it has figured prominently
in literature, but there is absolutely no archeological evidence of can-
nabis being present in ancient Egypt, even to make rope. There is no
evidence it was used as a drug until after the Arab conquest centuries
later.

Galena, or lead sulfide, was the black eye paint used for many oph-
thalmic problems. It was probably also used with soot and other bin-
ders to make mascara. Despite its toxicity, the effects from absorption
through the skin would be slow to develop. We have no evidence that
this danger was recognized by the Egyptians.
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CHAPTER 22
The Death of Cleopatra: Suicide by Snakebite
or Poisoned by Her Enemies?

Gregory Tsoucalas and Markos Sgantzos

2.1 CLEOPATRA’S ANCESTRY AND HISTORICAL BACKGROUND
OF THE ERA

Soon after the death of Alexander the Great, his generals ruled a
divided empire. One of his favorites, Ptolemy (father of Cleopatra),
was assigned to govern Egypt. A supreme dynasty had arisen in this
part of the northeast corner of the African continent. Ptolemy had
decided to transform the city of Alexandria into the greatest trade,
cultural, and religious center of the known world. His plans included
the largest harbor of the Mediterranean Sea, majestic palaces, extra-
ordinary public buildings, museums, the wondrous Pharos lighthouse,
wide boulevards laid out in a grid, translation centers, libraries, and
irrigation and drainage systems. Inside the walls of the famous Library
of Alexandria were gathered manuscripts from all over the world to
encompass all the known knowledge of the era [1,2].

In this magnificent city, at the prime of its civilization, the great
Cleopatra VII (Figure 2.1) was born in 69 BC. At the time of her birth,
Rome was perhaps the only city that could be considered a rival to
Alexandria. Rome, though, was vastly superior to the Egyptian
metropolis, in terms of the magnitude and extent of its military power,
which it used to control its vast territories. Meanwhile, Alexandria
ruled over Egypt, and over a few of the neighboring coasts and islands.
The fruitfulness of this isolated territory, at the magnificent delta of
the river Nile, along with its strategic location, made it a perfect target
for the Romans. While the idea of a new Roman province was com-
pelling, Egyptian military and strategic power tempered such thoughts.
Political events, though, were in their favor and the bountiful prey,
Egypt, was lured by Rome and fell into the trap [3].

The Roman government at the time was a republic, and the senate
had extended powers. The two most powerful men in the state of Rome
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were Pompey and Caesar. Caesar was in the ascendency in Rome when
Ptolemy first petitioned him for an alliance between the two great
nations of that era, that is, Rome and Egypt. Meanwhile, Pompey was
otherwise occupied in Asia Minor, engaged in a war with Mithridates,
the powerful monarch of Pontos, who was at that time challenging
Rome. Caesar was deep in debt, and much in need of financial
resources, not only for relief from existing public embarrassments but
also to enable him to accomplish the assorted political schemes which
he was entertaining, and to secure his hold on Rome. Negotiations were
difficult and delays long, but it was finally agreed that Caesar would
exert his influence to secure an alliance between the Roman people and
Ptolemy, on the condition that Ptolemy would pay him 6000 talents
(ancient Egyptian currency), an enormous amount and, essentially, a
bribe. While this served to establish a formal alliance, it also had a seri-
ous impact on the Egyptian people. Subsequently, due to an uproar by
the citizens over the imposition of heavy taxes, Ptolemy fled to Rome in
search of safety. There, a formal alliance was established. The door was
then open for Rome to more directly intervene in Egypt [3�5].

During the above turmoil, in 58 BC, with Ptolemy XII absent, his
daughter, Berenice, sister of Cleopatra, ascended to the throne. She
married the king of Syria, Seleucus, whom she reportedly strangled.

Figure 2.1 On the antique painting in encaustic of Cleopatra, discovered in 1818 by Sartain, John, 1808�1897.
Published in 1885 by G. Gebbie & Co. in Philadelphia.
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Her second marriage to the prince Archelaus was more successful.
Meanwhile, Ptolemy was plotting with the Romans for his
return. Although negotiations were difficult, the Romans had decided to
permit Pompey to send troops into Egypt. Gabinius, who governed Syria
with his second-in-command, Mark Anthony, was a wild and dissolute
young man who had lost his family inheritance and embarked on a brief
but successful campaign against Egypt. Archelaus was slaughtered in the
final ferocious encounter and Berenice was taken prisoner. Cleopatra was
only 15 when the unnatural quarrel between her father, Ptolemy, and her
sister, Berenice, was working its way toward a dreadful termination. She
was a quiet spectator, neither benefitting nor suffering. Ptolemy recap-
tured the throne. Mark Anthony and the Roman troops remained in
Alexandria to help rule a wounded empire [3,6].

In Rome, a civil war between Caesar and Pompey was raging.
Cleopatra was the oldest, trusted child, and a princess of great promise,
endowed with a sharp intellect and personal charms. In order to retain
control over his family legacy, Ptolemy ordered her, before his death, to
be married to her brother, Ptolemy XIII, who was only 10 years old at
the time. Cleopatra was 18 when she was crowned queen, and rivalry
among her ministers inside the royal palace was continuous. Pompey
went to Egypt seeking assistance against Caesar but instead was brutally
murdered in front of Ptolemy XII, her father, an act that infuriated even
Caesar, who subsequently marched against Alexandria [3,6].

Sometime later, Cleopatra and her loyal guardian Apollodorus
appeared in front of Caesar to plead for her own agenda in the ensuing
power struggle with Ptolemy XII. She forthwith gained Caesar’s heart.
Caesar made it possible for her to gain Egypt’s throne, making Rome
appear more an ally than a conqueror. Together they fought against
her father, Ptolemy XII, and her minister Pothinus, ultimately securing
both their deaths. In 47 BC, Cleopatra gave birth to Caesar’s son,
Caesarion. Some months later, during a visit with her son to Caesar’s
palace in an island of the Tiber River, she informed him that she was
the undeniable Queen of Egypt, mother of a Roman prince [3,6].

In 44 BC, Caesar was assassinated. Mark Anthony joined with
Caesar’s adopted son, Octavian, and Lepdius to form the Second
Triumvirate. Mark Anthony had already been attracted to Cleopatra
and she went on to fully capture his heart. He spent the winter of 41�40
BC, in Egypt, drunk in love with Cleopatra. The couple began to
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expand Cleopatra’s realm through continuous warfare. Anthony soon
sent a message to Rome saying that he would abandon his wife (yes,
he had a wife back home) to marry his intoxicating concubine,
Cleopatra. Rome, specifically Octavian, furiously turned against the
couple, declaring yet another war against the Egyptian Empire. After
fierce sea battles and violent slaughters on land in the area of western
Greece, Cleopatra and Anthony were defeated and retreated back to
Egypt. Cleopatra had supported two great Roman leaders and kept
Egypt an independent state for some 20 years, but in the end lost
everything [3,6].

As Anthony was consumed by his defeat, Cleopatra sent him a
message saying that she had died. Eager to save herself, her sons, and
the crown from the advancing Octavian, she realized that she could
neither kill Anthony nor exile him. But she believed that if he could be
induced to kill himself for love of her, she could save herself. And,
indeed, Anthony attempted suicide by a self-inflicted sword wound.
The injury, though, was not immediately fatal. Discovering that his
queen was still alive, he managed to reach her chambers and see her
once more before he expired. Octavian had entered Alexandria as a
conqueror on August 1, 30 BC. There, at the Palace of the Ptolemies,
he found the lifeless body of Mark Anthony and met the notoriously
charming queen. Cleopatra, with all her subtlety and political
foresight, had already backed two losers, first Caesar and then
Anthony, to whose downfall she had notably contributed. Now, at the
age of 40, she tried to seduce the new Roman conqueror, Octavian,
but he was coldly indifferent toward her advances [3].

Cleopatra understood that she would likely be publicly humiliated as
a trophy of Octavian. She remained locked in her mausoleum during
her final days, searching for a solution out of this crisis. Two handmai-
dens and, possibly, a eunuch were with her at the time. Cleopatra
ordered a bath and asked for a basket of figs as well, a request that was
granted by the guards. Soon after, she sent messengers to Octavian indi-
cating that she wanted to be buried alongside Anthony. Cleopatra was
subsequently found dead by Octavian and his men. The specific mysteri-
ous circumstances surrounding her actual death continue to intrigue his-
torians even today. Plutarch said, “The messengers came at full speed,
and found the guards apprehensive of nothing; but on opening the doors
they saw her stone dead, lying upon a bed of gold, set out in all her royal
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ornaments.” Her son Caesarion, possible offspring of Caesar, was later
executed, supposedly by order of Octavian [3].

2.2 CLEOPATRA’S REIGN. HER DOWNFALL AND HER DEATH

The queen of all queens, Cleopatra VII, was enthroned as queen of the
Ptolemaic Dynasty and Pharaoh of Egypt, inheriting, apart from the
Crown, the great inclination of the Ptolemies toward medicine and
their love for science. Despite the fact that she reigned during politi-
cally turbulent times, she managed to acquire at least some rudimen-
tary knowledge of medicine. She was aware of gynecological diseases
and was conversant in pharmacology and botany, and may have
authored several scientific texts. Some essays were found beside her
head in her tomb but are no longer extant. She produced her own eye
makeup, aromatic oils, remedies for baldness, antiseptics, and beauty
products [7�8]. She wrote a treatise called the “Cosmetics,” which dis-
cussed remedies, potions, and ointments. This treatise was mentioned
by Galen (third century), Aëtius of Amida in Alexandria (sixth cen-
tury), Paul of Aegina (seventh century), and John Tzetes (twelfth cen-
tury) [9]. The longevity of this work’s usefulness owes a debt to her
knowledge of pharmacology and cosmetics.

During Cleopatra’s reign, the city of Alexandria was a center of
science. Inside the famous Library of Alexandria were 700,000 treatises
and manuscripts, works from mainland Greece, the Aegean, Asia
Minor, and Pontos, all gathered in an extraordinary assembly. The
Alexandrian medical school was famous for advances and instruction
in anatomy, physiology, and pharmacology. The knowledge of
potions, poisons, and antidotes was so pervasive during that era in
Alexandria that philosophers and physicians believed that production
could and should be administered by simple pharmacists, so that the
philosophers and physicians could focus on the dosage of the drugs
and the patient himself. The Greeks introduced the concept of theriac,
a versatile, multifunctional drug-antidote to cure all diseases. The
theriac was composed of a large number of plant, animal, and mineral
substances, mixed with a base of viper venom or blood and blood
from animals fed with poisonous plants. Mithridates himself invented
a theriac named Mithridatiki. It is more than likely that Roman
scholars knew about this ultimate potion and that the Egyptians
became familiar with it as well. Cleopatra herself gave poisonous
potions in various dosages to slaves to test its toxic limits [10].
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Cleopatra was, in fact, a neglected child who wasn’t meant to rule.
She was well educated and fluent in seven languages, including
Egyptian, unlike the rest of the royal family. She lived in a competitive
environment, full of conspiracies, intrigues, murders, revolts, civil wars,
and infidelity. Her only weapon for survival was to believe in herself.
She was forced to marry her young brother, to battle against her family,
to deal with the Roman invasion, and to counterplot against her minis-
ters. Over time, she developed a narcissistic personality, a strong charac-
ter to withstand obstacles, and a complex emotional fabric that could
brook no defeat, a difficult mask to uphold [3,11]. Paying great atten-
tion to cosmetics and personal charm, she became an example of the
perfect femme fatale whose technique for ruling was to control the
minds and hearts of the vigorous governors of the era [3].

The circumstances surrounding her death are still cloaked in
mystery. First off, did she commit suicide or was she murdered? Three
possible scenarios need to be considered:

i. suicide by poison (possibly hidden somewhere in her mausoleum),
ii. suicide by the venom of the Egyptian cobra, usually referred to as

an asp, or viper, or
iii. poisoning by Octavian and/or his men [12].

No written documents were found to divulge the secret. The oldest
reference was that of Strabo (64/63 BC�c. 24 AD), who mentioned that
her death could have been the result of a toxic poison or the bite of an
asp, so that it was not clear whether it was a murder or suicide [13].
Cleopatra’s physician, Olympus, came to almost the same conclusion,
except to emphasize that if poison was taken, it was as an ointment
administered dermally, rather than a potion swallowed, a fact that
increases the certainty that Cleopatra was an expert in the field,
cognizant of drugs in their different formulations [12].

Considering the two indistinct prick marks on her body, Galen
theorized that she broke the skin by biting her own arm [14]. Thus,
several death scene scenarios are:

i. The skin marks were self-inflicted. This is the less likely scenario,
though, for a woman so devoted to her own beauty [10]. She could,
instead, have committed suicide simply by swallowing the proper
dose of poison.

16 History of Toxicology and Environmental Health



ii. The marks were made by Mark Anthony when dying in her arms.
Realizing Cleopatra’s lies and her role in having him take his own
life, he could have bitten her in vengeance [3]. This could have
happened if we see Mark Anthony as an angry, betrayed, and
deceived emperor of the East Roman empire, and a victim of
Cleopatra’s charms.

iii. The marks were made by instruments used by Cleopatra’s maids,
or her eunuch, or by Octavian’s men to apply the poison by pene-
trating the skin. Because of her revulsion for pain and bodily
imperfections, this would have been undertaken by force.

iv. The marks were actually made by a snakebite, a less likely
scenario.

Cleopatra had a deep understanding of poisons [8], as well as a
personal physician trained in the Alexandrian School [12], and almost
certainly possessed an apothecary of potions, poisons, and antidotes.
Along with the poison, Cleopatra might have been able to take a drug to
reduce the suffering. She might, as well, have developed a partial immu-
nity to common poisons if she had been regularly self-administering a the-
riac. If this were the case, she may have required a more potent poison to
successfully achieve suicide. Psychologically, Cleopatra saw herself as the
woman who had almost magically controlled both Caesar and Mark
Anthony, and must have felt that she could do the same with Octavian,
albeit without seduction as the outcome. Thus, it is reasonable to assume
that she was primed to take the situation in hand and would not have
sacrificed her ego by giving in to Octavian.

Cleopatra was permitted by Octavian to conduct Mark Anthony’s
burial rites. It is possible that when she and her retinue were returning
to the royal palace, someone had brought one or more snakes inside
the walls. Later, she prepared a feast and asked for a royal bath before
sitting down to her meal. She had ordered some figs, which presented
a second opportunity for snakes to be smuggled into her quarters,
unnoticed by the guards [3]. Soon after Cleopatra’s death, the tale of
its being caused by a snakebite became an accepted myth in Rome
[3,15�16] (Figure 2.2). But was a eunuch or maid strong enough to
carry a basket or water jug filled with large and heavy Royal Cobras
(each averaging 3�4 m, or 9.8�13 ft, length and weighing some 6 kg
or 13 lbs), and camouflaged by figs? It is difficult to confirm this
course of events.
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More than one snake might have been needed because two of
Cleopatra’s handmaidens, Iras and Charmion, were also found dead.
Curiously, there were no reports of shouts which might have been caused
by pain, nor was swelling of the victim’s body noted by the guards or
Cleopatra’s physician [12]. The vipers’ hemotoxic venom causes subcutane-
ous and intestinal hemorrhage, resulting in a brutal death. Both cobra and
viper venom kill after 2�4 and 6�12 h, respectively, quite a long time
frame, as Strabo points out. Three women, Cleopatra, Iras, and
Charmion, had died within a few minutes, from something which left no
physical or pathological marks [17]. Cleopatra, according to the snake
poisoning theory, would have been bitten by the serpent, and after
the envenomation would have had to be physically and emotionally
capable of handing it, if a single snake, to her handmaiden, who, after
receiving her own mortal bite, would hand it over, in turn, to the other
handmaiden and/or to the eunuch. This scenario does not seem plausible
even though a large Egyptian cobra is capable of inflicting a quick death
with inconspicuous marks [3]. The fact that only 22�30% of snakebite

Figure 2.2 Jean-André Rixens. The death of Cleopatra. Musée des Augustins, Toulouse, 1874.
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victims die after African cobra or viper envenomation [18�19] again
argues against the likelihood of such a death for Cleopatra and her maids.
We may also question where so large a snake or snakes quickly disap-
peared to, as Octavian and his men supposedly rushed to Cleopatra’s
windowless and sealed mausoleum. In fact, they arrived so quickly that the
second handmaiden was still alive [10]. Moreover, Octavian was familiar
with Cleopatra’s cunning and dexterous movements and had her heavily
guarded [3,17]. This leads us to the final possible scenario: her murder by
the ambitious and resourceful Octavian himself.

Octavian knew that his future would be more secure if he could
totally remove Cleopatra and her political influence from Egypt. He
understood that even if she were imprisoned, she would still pose a dan-
ger either by fomenting an outright revolt or by charming the next
Roman ruler of the Egyptian province. If Octavian had chosen a public
lynching or other humiliation, he would have diminished the nobility of
Cleopatra as a mighty and royal queen, and he would have been seen as
a strict, vindictive tyrant. Thus, for Octavian one way in particular
would have held a great appeal: an injection of one of various poisons
which would provide a quick and relatively painless death [3]. The
Roman legions, during their campaigns, traveled with their personal
physicians [19]. A mixture of poisons, say of hemlock, opium, and aco-
nite, could induce a deep sleep resulting in coma and death [20].
Octavian and his men might have injected Cleopatra with an instrument
which would make it appear that she had been bitten by a snake.
Cleopatra was a revered queen for most Egyptians. Death from the
sacred Egyptian Royal Cobra might have been deemed almost roman-
tic. Octavian had ample time to eliminate all evidence and fabricate a
convincing story of whatever death scene he chose. He had both the
motive, that is, to permanently remove the political threat of Cleopatra,
and the know-how and time to murder her. The subsequent murder of
Caesarion, the politically threatening offspring of Cleopatra and Julius
Caesar, further strengthens the plausibility that she was murdered [10].

2.3 EPILOGUE

Cleopatra VII, Pharaoh of the Egyptians [8], ruler of the Egyptian
empire, whisperer of powerful men, charming, well-educated, and a
strong woman, died relatively young. Although we may never know for
certain, the preponderance of evidence seems to suggest that rather than
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committing suicide with an asp, she was murdered. A proponent of
Egyptian independence, for which she fought but which battle she lost,
she became a victim of politics. Octavian quite possibly had her killed
with a poisonous concoction, and to avoid turmoil in the streets of
Egypt, presented the world with a trumped-up story about her suicide.
After Cleopatra’s demise, Octavian became known as Pharaoh. He was
given unprecedented powers and named Augustus by the Senate. The
Roman Republic became the Roman Empire, and Octavian was its first
Emperor.
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CHAPTER 33
Mithridates of Pontus and His Universal
Antidote

Adrienne Mayor

Mithridates VI Eupator of Pontus inherited the small, wealthy kingdom
of Pontus on the Black Sea (today northeastern Turkey) in 120 BC, after
his father was poisoned by enemies. With good reason to believe that his
mother, Queen Laodice, intended to poison him in order to control
Pontus, the teenaged Mithridates went into hiding for several years. Upon
his return he assumed his throne and used poison (likely arsenic) to elimi-
nate several treacherous relatives and rivals. Mithridates, who claimed
descent from Persian royalty and Alexander the Great, became the most
dangerous and relentless enemy of the late Roman Republic in decades-
long conflicts known as the Mithridatic Wars. After his defeat by Pompey
in the Third Mithridatic War, he was forced to commit suicide (63 BC).

Driven by his fears of assassination by poison, Mithridates is acknowl-
edged as the first experimental toxicologist, carrying out proto-scientific
experiments with poisons and antidotes [1]. His goal was to create a “uni-
versal antidote” to make himself and his friends immune to all poisons
and toxins. An erudite scholar in many tongues, he had access to myriad
poisons, toxicological traditions, and examples, both mythic and histori-
cal, to guide him [2].

3.1 INFLUENCES

Mithridates was aware that his land was the home of the mythical
witch Medea, adept in poisons and magic. Medea was said to tame
unquenchable flames from the petroleum pools of Baku on the
Caspian Sea, and her potions were said to bestow superhuman powers,
deathlike sleep, or immunity from fire or sword. She also knew the
secrets of deadly “dragon’s blood” (a name for the toxic mineral
realgar) and all the antidotes for serpent venom, secrets eagerly sought
by young Mithridates, future toxicologist [2].
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Mithridates’ own grandfather, King Pharnaces I of Pontus, was cred-
ited with the discovery of a “panacea” (cure-all, centaury plant, Pliny
25.79). Another probable influence would have been the unusual research
first begun by “mad” Attalus III of Pergamon, the last king of a
neighboring land taken over by Mithridates during his conquests of Asia
Minor. Pergamon, with its great library, active scientific community, and
the healing temple of Asclepius, was the center of medical learning.
Nicander of Colophon, a Greek physician who wrote the Theriaca on
venomous creatures, and the Alexipharmaka on poisons and antidotes,
was a member of Attalus’s court [3]. Ancient and modern historians have
assumed that the eccentric King Attalus was insane because he preferred
scientific experimentation to governing. As a boy, Mithridates heard the
rumors accusing Attalus of poisoning his relatives and foes and mocking
him for withdrawing from court life, devoting himself to tending his
extensive gardens, and studying botany, pharmacology, and metallurgy.
He died in 133 BC, around the time of Mithridates’ birth [1,4].

But was Attalus really insane? Modern historian Kent Rigsby suggests
that the king’s reputation for murder and madness was perpetuated by
those who wanted to make Attalus seem an unfit ruler. Pointing out that
scientific and philosophical pursuits were typical of several other
sophisticated Hellenistic monarchs, Rigsby reasons that that “in reality,
Attalus was a scientist and scholar.” Attalus may have been eccentric,
but his activities seem to constitute scientific research [5].

Indeed, the most remarkable significance of Attalus’s research for
understanding Mithridates has been overlooked by Rigsby and other
modern historians. Justin’s most damning example (36.4) of Attalus’s
insanity was the king’s obsession with “digging and sowing in his garden”
and his bizarre practice of concocting “mixtures of both healthful and
beneficial plants and drenching them with the juices of poisonous ones.”
Attalus presented these concoctions as “special gifts to his friends.”
Ancient historians (Plutarch Demetrius 20.2; Diodorus 34�35.3) tell us
that Attalus cultivated toxic plants such as “henbane, hellebore, hemlock,
aconite (monkshood), and thorn apple (Datura) in his royal gardens and
became an expert in their juices and fruits.” The celebrated physician
from Pergamon, Galen (b. AD 129), added further information.
Galen said that Attalus experimented with antidotes against the venoms
of snakes, spiders, scorpions, and toxic sea slugs. Galen (Antidotes 1.1)
praised Attalus for testing his mixtures only on condemned criminals [3].

22 History of Toxicology and Environmental Health



It can be no coincidence that Mithridates engaged in the very same
sorts of activities and experiments as his own grandfather Pharnaces,
“mad” King Attalus, and Nicolas of Colophon. According to Justin,
Mithridates began his investigations of pharmaka (ancient Greek for
drug or medicine) as a boy, secretly testing toxins and antidotes on
others and himself. Mithridates’ celebrated “universal antidote,” an
alexipharmic panacea or theriac that later came to be known as the
Mithridatium, was created by mixing minuscule doses of deadly poi-
sons with antidotes [2].

As king, Mithridates was known to have “amassed detailed know-
ledge from all his subjects, who covered a substantial part of the world”
(Aelian On Animals 9.29). His international library of ethnobotanical
and toxicological treatises described drugs used by the Druids of Gaul
and Mesopotamian doctors, and he could have studied the works of
Hindu Ayurvedic (“long-life”) practitioners, such as the antidote recipe
of Sushruta (ca. 550 BC), which boasted 85 ingredients, and the
Mahagandhahasti theriac of Charaka (300 BC), which had 60. In 88 BC,
Mithridates received Marsi envoys from Italy, shamans known for their
pharmaka based on venoms. Mithridates likely studied the alchemical
writings of Democritus of Egypt, drawing on those of King Menes, who
had cultivated poisonous and medicinal plants in 3000 BC. Mithridates
corresponded with the doctor Zopyrus in Egypt, who shared his
“universal remedy” of 20 ingredients. Another scientific colleague was
Asclepiades of Bithynia, who founded an influential medical school in
Rome. He declined Mithridates’ invitation to work in Sinope but dedi-
cated treatises to the king and sent him antidote formulas [2].

3.2 PHARMACOLOGICAL AND TOXIC RICHES

Natural resources with powerful healthful or noxious characteristics
abounded in the Black Sea region. There were many venomous snakes,
for example. Mithridates’ allies on the steppes, the mounted nomad
archers of Scythia, poisoned their arrows with a sophisticated concoc-
tion of viper venom and other pathogens. Scythian shamans, called
Agari, were experts in antidotes based on venoms, and several Agari
joined Mithridates’ investigations. Mithridates and other experimenters
of his day were well aware of the thin line that divided potentially
lethal doses from potentially beneficial amounts of powerful agents.
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His Agari doctors saved Mithridates’ life on the battlefield by using
snake venom to stop severe bleeding from a thigh wound, a medical
milestone in the use of venom beneficially. Today, tiny amounts of
viper venom from the Caucasus are used to staunch uncontrollable
hemorrhage and investigators are creating anticancer drugs from
venoms.

Mithridates’ ally to the east, Armenia, had remote lakes with
venomous fish. His birthplace of Pontus boasted its own extraordinary
flora and fauna [6]. Wild honey, distilled by bees from the nectar of
poisonous rhododendrons and oleander so profuse on the Black Sea
coast, contained a deadly neurotoxin. Even the flesh of Pontic ducks
was poisonous. The ducks thrived on hellebore and other baneful
plants, and the bees enjoyed a strange immunity to poison. These
mysterious natural facts may have inspired Mithridates to search for
ways to protect himself from poisons. Beavers were another prized
Pontic product; their testicles were valued for treating fever and boost-
ing immunity and sexual vigor, and in perfumes. Castoreum, from bea-
ver musk glands, does contain salicylic acid, the active ingredient in
aspirin, derived from willow bark, the beavers’ chief food [2].

The kingdom of Pontus was blessed with rich sources of pharmaka,
potent substances and products used in many different technologies
and crafts such as metal working, dyes, and pigments; in making medi-
cines, unguents, and perfumes; and as poisons. Mithridates’ extensive
Black Sea Empire possessed myriad toxic plants, used for beneficial
drugs or poisons: henbane, yew, belladonna or deadly nightshade,
hemlock, thorn apple, monkshood, hellebore, poppies, fly agaric
mushrooms, rhododendron, and oleander, to name a few [2].

Nefarious, rare substances were mined in Mithridates’ lands, from
plentiful deposits of gold, silver, copper, iron, rock salt, mercury,
sulfur, arsenic, and petroleum, among other rare and potentially
dangerous substances [6]. Sinope, the capital of Pontus, was the center
for processing and exporting Sinopic red earth, realgar, orpiment, and
other glittering dark red and yellow crystals surrounded by magical
and ominous folklore in antiquity. Known by many different names,
these minerals occurred in association with quicksilver (mercury), lead,
sulfur, iron ore, cobalt, nickel, and gold excavated in Pontus; Armenia
was known for arsenic mines. These mines exhaled vapors so noxious
that they were worked by slaves who had been sentenced to death for
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crimes. One of the most infamous mines of Mithridates’ kingdom was
Sandarakurgion Dag (Mount Realgar), on the Halys River. According
to the ancient geographer Strabo (11.14.9; 12.3.40�41), gangs of 200
slaves at a time labored to hollow out the entire mountain. Mount
Realgar Mine was finally abandoned as unprofitable, because it was
too expensive to continually replace the slaves as they dropped dead
from the toxic fumes.

The ancient terms for these groups of related compounds make
them difficult to identify today. Cinnabar, zinjifrah, vermilion, Sinopic
red earth, ruby sulfur, sinople, orpiment, oker, sandaracha, sandyx,
zamikh, arsenicum, Armenian calche, realgar, dragon’s blood: these
were ancient names for the many forms of toxic ores containing mer-
cury, sulfur, and/or arsenic. Sinopic red earth was used to waterproof
ships; many of these costly substances were prized as brilliant
pigments, varnishes, and textile dyes; they were also important in
alchemy and medicine. Arsenic (from ancient Persian zamikh, “yellow
orpiment”) is an odorless poison undetectable in food or drink—the
ideal toxin for murder (toxic minerals known in antiquity, Pliny
33.31.98; 33.32.99�100; 33.36�41; 35.13�15; 34.55�56.178;
Theophrastus on Stones 8.48�60). The poison that someone slipped
into Mithridates’ father’s meat or wine and that Mithridates used to
get rid of enemies was most likely pure arsenic, produced by heating
realgar (rhaj al ghar, Arabic, “powder of the mine”), red arsenic
sulfate.

3.3 AVOIDING ASSASSINATION BY POISON

Mithridates undertook many precautions against assassination by
poison. There were guards in his kitchens as well as royal tasters. He
knew that some metals and certain crystals and stones were believed to
detect—even neutralize—poison in food or drink. Mithridates would
have owned so-called “poison cups,” goblets made of electrum, a gold
and silver alloy. A vessel of electrum was said to reveal the presence of
poison when iridescent colors rippled across the metallic surface with a
crackling sound, apparently the result of a chemical reaction (Pliny
25.5�7, 33.23.81, 37.15.55�61). Other objects, such as amber, red
coral, and glossopetra (“tongue stones”), were reputed to magically
deflect poisons. Tongue stones were actually fossilized giant shark
teeth taken from limestone deposits. On contact with poison, these
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objects reportedly would “sweat” or change color. The shark teeth
could also be ground into a powder that deactivated poison. In fact,
calcium carbonate in fossils does react with arsenic through chelation,
a chemical process in which the calcium carbonate mops up the arsenic
molecules [7].

Mithridates tested the nature of poisons for other reasons besides
ensuring his own immunity. He also sought to learn which poisons were
best for undetectable assassinations of enemies and which poisons were
ideal for suicide. According to several sources, Mithridates carried
suicide pills and distributed them to his commanders and friends. Those
capsules, concealed in rings, amulets, and the hilts of daggers and
swords, obviously would have contained a fast-acting, relatively gentle,
lethal poison with no known antidote (Pliny 33.5.15, 33.6.25�26;
Plutarch Pompey 32).

Mithridates’ chief toxicological coinvestigator was the Greek
“root-cutter” (botanist) named Krateuas. In the course of their
systematic study of the effects of common and rare pharmaka,
Mithridates discovered a curious phenomenon. By ingesting tiny
amounts of arsenic each day, he achieved an immunity to larger, other-
wise fatal doses. Apparently he achieved tolerance to arsenic as a
youth, since sources tell us that conspirators in the palace failed in
their attempts to poison him while he was a boy. As king, Mithridates
liked to exhibit his remarkable ability to dine safely on poison-laced
meat and wine, fatal to others (Aulus Gellius 17). Such theatrical
demonstrations enhanced the king’s reputation of invincibility.
Mithridates was said to follow the “ethical” approach of King Attalus
praised by Galen, by experimenting only on himself and condemned
criminals [3]. In one instance, Mithridates received an envoy with a
letter and package from his friend Zopyrus in Alexandria. The letter
informed Mithridates that the messenger had been sentenced to death
and invited the king to test the accompanying antidote on him [4]. The
imagined reactions of the courtiers and foreign dignitaries present at
Mithridates’ sensational demonstrations of immunity inspired A.E.
Housman’s poem (“Terence, This Is Stupid Stuff,” in A Shropshire
Lad, 1896): “I tell the tale that I heard told. Mithridates, he died old.”

Mithridates’ mastery of poisons and his unusually long life is
memorialized in the term mithridatism, the practice of systematically
ingesting small doses of deadly substances to make oneself immune to
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them. With some toxins, the process can be effective. It is possible to
acquire tolerance for levels of arsenic that would kill others, for
example. It was observed in antiquity that people of North Africa
were less affected by local venomous insects and scorpions (Aelian
On Animals 5.14; 9.29). Mithridates also understood the little-known
fact that snake venom can be safely digested if swallowed—it is only
deadly if it enters the bloodstream. The rising incidence of poisoning
in the Roman Empire inspired the Roman satirist Juvenal to joke that
murder weapons of “cold steel might make a comeback if people
would take a hint from old Mithridates and sample the pharmacopeia
till they are invulnerable to every drug.” [6]

3.4 THE SECRET ANTIDOTE

In antiquity, each natural poison—animal, plant, or mineral—was
believed to have a natural antidote. Traditional theriacs normally
combined substances that were thought to counter poisons (Pliny
25.2.5�8). Mithridates’ basic recipe probably contained some of those
common ingredients, such as cinnamon, myrrh, cassia, honey, castor,
musk, frankincense, rue, tannin, garlic, Lemnian earth, Chian wine,
charcoal, curdled milk, centaury, aristolochia (birthwort), ginger, iris
(orris root), rue, Eupatorium, rhubarb, hypericum (St. John’s wort),
saffron, walnuts, figs, parsley, acacia, carrot, cardamom, anise,
opium, and other ingredients from the Mediterranean and Black
Sea, Arabia, North Africa, Eurasia, and India [2,4]. Modern science
reveals that some of these substances can counteract illness and
toxins. For example, the sulfur in garlic neutralizes arsenic in the
bloodstream. Charcoal absorbs and filters many different toxins.
Garlic, myrrh, cinnamon, and St. John’s wort are antibacterial. Recent
studies of many common Mithridatium ingredients reveal bioactivities
in the immune system. Certain plants long used by folk healers in
Africa and India neutralize cobra, adder, and viper venoms [2].

Mithridates’ personal theriac or tonic was special because it com-
bined both toxic and beneficial pharmaka. Building on the work begun
by Attalus III, Nicander of Colophon, and others, Mithridates
recorded the properties of hundreds of poisons and antidotes in experi-
ments on prisoners, associates, and himself. “Through tireless research
and every possible experiment,” wrote Pliny, Mithridates sought ways
to “compel poisons to be helpful remedies.” Mithridates and Krateuas,
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joined by the physician Papias, Persian Magi and Scythian Agari
healers, and Timotheus, a specialist in war wounds, tested many
health-giving essences compounded with minute amounts of poisons.
They created an electuary, a paste held together with honey and
molded into a large pill. Mithridates reportedly ingested his secret
theriac with cold spring water on a daily basis (Pliny 25.6�7; 25.17.37;
25.26.62�63; 25.29.65). Apparently the concoction was harmless and
may have promoted his immune system. The ancient sources agree
that Mithridates enjoyed robust health into his 70s, at a time when the
average lifespan was 45 [1,2].

After his death, Mithridates’ personal library and archives were
taken to Rome and translated into Latin by Lenaeus (95�25 BC). Pliny
(25.2.5�8; 25.79�82) studied Mithridates’ private papers and
concluded, “We know from direct evidence and by report” that
Mithridates “was a more accomplished researcher into biology than
any man before him. In order to become immune to poison by making
his body accustomed to it, he alone devised the plan to drink poison
every day, after first taking remedies.”

The key principle of Mithridates’ theriac was the combination of
beneficial drugs and antitoxins with tiny amounts of poisons, the
approach followed by Attalus and Hindu doctors. Myriad poisons
were known in antiquity, from viper, scorpion, and jellyfish venoms to
the deadly sap of yew trees and the crimson crystals of cinnabar [6].
Pliny described about 7000 venific substances in his encyclopedia of
natural history and he listed numerous plants, some with powerful,
even dangerous, bioactive properties that were said to counter
them, such as scordion, fly agaric mushrooms, artemesia, centaury,
polemonia, and aristolochia. Arsenic—the notorious “powder of
succession” in antiquity—would have been the first poison Mithridates
sought to defend against. Arsenic interferes with essential proteins for
metabolism. In small doses, however, enzymes produced by the liver
bind to and inactivate arsenic. Taking small amounts over time causes
the liver to produce more enzymes, allowing one to survive a normally
lethal dose. Mithridates was essentially investigating whether a similar
process might work with plant poisons. Mithridates had observed
natural tolerances to poisonous plants in rats, insects, birds, and other
creatures. According to Pliny and Aulus Gellius (17), the poison blood
of Pontic ducks was included in the Mithridatium [4]. It is now known
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that some species of ducks and other birds do eat poison hemlock
without harm. Because they do not excrete the toxic alkaloids, their
blood and flesh becomes poisonous without harm to them but
dangerous to those who eat them [2].

What other poisons were included in the original Mithridatium?
Perhaps toxic honey from Pontus—in tiny amounts it was considered a
tonic (Aelian On Animals 5.4). Various reptiles—such as toxic skinks, sala-
manders, and vipers—were also said to be part of Mithridates’ recipe,
based on the notion that all poisonous creatures must produce antidotes to
their own toxins in their bodies. Modern scientific experiments show that
nonfatal doses of snake venom can stimulate the immune response and
allow humans to withstand up to 10 times the amount of venom that
would be fatal without inoculation. A similar process works with
some insect stings and a variety of toxins. Surprising scientific studies of
a “counterintuitive” process called hormesis show that very low doses of
certain toxins activate a protective mechanism, so that when a larger
dose is encountered, it is not as damaging. According to this new
concept—remarkably akin to Mithridates’ own hypothesis 2000 years
ago—minute doses of poison substances can be analogous to a vaccine [2].

Could the unusual properties of St. John’s wort, hypericum, listed in
many Mithridatium recipes, help to solve the ancient riddle of
Mithridates’ immunity? Molecular scientists have recently discovered
hypericum’s remarkable antidote effect, not yet completely understood.
The herb activates the liver to produce a potent enzyme that is capable of
neutralizing a great many potentially dangerous chemicals—as well as
prescribed drugs for various conditions. If St. John’s wort was included in
Mithridates’ antidote, it would have stimulated what could be called a
hypervigilant “chemical surveillance system” with the capacity to sense
and break down normally fatal doses of many different toxins [2].

3.5 MITHRIDATIUM’S LEGACY

After Mithridates’ death, several imperial doctors in Rome claimed to
know the secret Mithridatium formula. Poisonings and fears of poison-
ing were commonplace in the Roman Empire. “If you want to survive
to gather rosebuds for another day,” commented Juvenal (14.251�55),
“find a doctor to prescribe some of the drug that Mithridates invented.
Before every meal take a dose of the stuff that saves kings” [6].
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Was it possible that Mithridates’ genuine recipe was known by
some in Rome? Perhaps Mithridates entrusted the secret to his friend
Asclepiades, the most famous doctor in Rome [4]. According to Galen
(Opera Omnia 14; Antidotes 2), a doctor named Aelius reportedly
prescribed Mithridatium for Julius Caesar, who was campaigning in
Pontus only 16 years after Mithridates’ death [2].

The discovery of an inscription near the Appian Way from the time
of Emperor Augustus (b. 63 BC, the year of Mithridates’ death) is
intriguing. It describes L. Lutatius Paccius (a non-Roman name) as an
“incense-seller from the family of King Mithridates.” Was he a freed
slave? Was he really a relative of Mithridates? Like other ancient
apothecaries, Paccius was probably more than just a purveyor of
“incense”—why else would he advertise his relationship to
Mithridates? Poisons had been strictly regulated since the dictator
Sulla’s legislation during the Mithridatic Wars. That may explain why
an apothecary might only advertise aromatics for sale publicly. Some
members of Mithridates’ family and his friends did end up in Italy
after his death. The inscription suggests that Paccius may have been
one of those claiming to know the original Mithridatium recipe and
that he sold this legendary “trademark” antidote in Rome. A different
Paccius, presumably this man’s son, later became very rich from selling
a very special secret medicine in Rome. This Paccius the Younger
bequeathed the “Paccius family recipe” to the Emperor Tiberius,
Augustus’s successor, in AD 14, according to the famous imperial
doctor Celsius [4].

Could that mysterious Paccius “family recipe” have been the basis
for the later imperial Roman formulas? Many doctors claimed to have
improved Mithridates’ original, for example, the version compounded
by the imperial doctor Andromachus for the Emperor Nero.
Andromachus’s Mithridatium had 64 ingredients; he replaced minced
lizards with venomous snakes and added opium poppy seeds [1]. In
2000, Italian archeologists made a notable discovery at a villa near
Pompeii (AD 79). A large vat contained residue consisting of reptile
remains and several medicinal plants, including opium poppy seeds.
The archeologists suggested that the vat might have been used to
prepare Andromachus’s version of the legendary Mithridatium [2].

Nero died in AD 68, and every Roman emperor thereafter gulped
down daily what his personal doctor insisted was a variation based on
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Mithridates’ original antidote. As the number of “authentic” recipes
multiplied, more and more exotic, expensive ingredients were added
(Pliny 25.3, 29.8.24�26). A century after Mithridates’ death, the
physician Celsius mixed 36 ingredients in a concoction that weighed
almost 3 pounds, for 6 months’ worth of pills to be swallowed with
wine. In AD 170, Galen prescribed a liquid Mithridatium for Emperor
Marcus Aurelius; Galen had added more opium and a fine vintage
wine. The wine improved the flavor and the opium certainly guaran-
teed that the emperor would drink his medicine every day. Later
medieval recipes contained as many as 184 ingredients [1].

In ancient and medieval Islamic toxicology manuscripts, the Arabic
theriac (tiryaq-i-faruq, mithruditus) and Persian (daryaq) recipes followed
Mithridates’ concept of combining poisons with antidotes. Averroes, the
Spanish�Arabic philosopher�physician (b. 1126) wrote a treatise on
tiryaq. In a veiled allusion to paranoid despots of his day who were
obsessed with poisoning, he warned against the prolonged use of theriac
by healthy people—cautioning that it “could actually transform human
nature into a kind of poison.” In AD 667, Islamic ambassadors presented
the Tang Dynasty emperor of China with a gift of the Mithridatium
theriac (in Chinese called tayeqie, diyejia). Chinese chronicles described it
as a dark red lump the size and shape of a pig’s gall bladder. Chinese
manuscript illustrations show envoys in Persian-style costume offering
these red Mithridatium pills as tribute to the emperor [2,8].

From the Middle Ages on in Europe, medicines labeled
Mithridatium were eagerly purchased. European laws required apothe-
caries to openly display all the precious, costly ingredients and to mix
up the Mithridatium outdoors in public squares. For more than two
millennia after the death of Mithridates, kings, queens, and nobles
from Charlemagne and Alfred the Great to Henry VIII and Queen
Elizabeth I ingested some form of Mithridatium every day. The royal
and aristocratic theriac was kept in ornate gold and pottery apothecary
jars, many of them illustrating scenes from the life of Mithridates.
Apothecaries sold cheaper varieties of Mithridatium to ordinary
people, kept in plainer jars. Mithridates’ universal antidote became the
most popular and longest lived prescription in history. A Mithridatium
was advertised by a pharmacy in Rome as recently as 1984 [1].

Most of the surviving recipes for theriacs in ancient Latin, Greek,
Hebrew, Indian, Arabic, and early Islamic medical writings included a
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range of plant, animal, and mineral pharmaka thought to counteract
toxins and disease. Aside from Andromachus’s addition of chopped
vipers for Nero’s antidote, however, most of these theriac recipes did
not deliberately include poisons (Dio Cassius 37.13; Celsius
De medicina 5.23.3). Yet most of the ancient Greek and Latin writers
agreed with Pliny that Mithridates achieved immunity to poisons by
ingesting deadly substances along with a cocktail of specific or general
antidotes. In Pliny’s words (25.3�7), Mithridates “thought out the
plan of drinking poisons daily, after taking remedies, in order that
sheer habit might render the poisons harmless.”

We can guess at some of the counteracting drugs that Mithridates
was likely to have put in his formula, but his precise method of
calibrating minuscule doses of poisons and exactly what they were
remains a mystery. He and his team worked in secrecy. His original
lost recipe was believed to contain more than 50 ingredients, many of
them costly, rare substances from distant lands. The confiscated notes
translated after his death in Rome listed only a few commonplace
ingredients, with the exception of the blood of Pontic ducks. Pliny
(29.8.24�26, 23.77.149) expressed surprise at the lack of any obscure
or exotic substances in the Mithridatic notes that he studied. He found
one scrap of paper in the king’s handwriting that said, “Pound
together two dried nuts, two figs, and twenty leaves of rue with a pinch
of salt: he who takes this while fasting will be immune to all poison for
that day.” [1,4]. As Pliny reasonably commented, however, this
mundane recipe should not be taken seriously—it could have been a
forgery or hoax, or a deliberate red herring.

So what became of the original Mithridatium formula? Perhaps
Pliny saw only notes that the emperor allowed him to see. The
papers taken to Rome after his death may have recorded only
Mithridates’ earliest experiments, which had been superseded by
successful, more complex experiments whose records did not survive.
Mithridates’ genuine archives could have been lost, destroyed, or
hidden away during the chaos of the Mithridatic Wars. It is even possi-
ble that Mithridates’ documents may have been encrypted—ancient
alchemists often wrote in codes or obscure languages to keep their
work secret. Mithridates certainly possessed the linguistic skills; he
knew nearly two dozen languages. Were the ingredients of the
compound formula somehow divulged to imperial Roman doctors
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who inherited Mithridates’ papers or Paccius’s recipe? Were written
versions of the perfected formula destroyed on Mithridates’ orders? Or
were they confided only to his closest friends and allies, such as King
Tigranes II of Armenia who, like his son-in-law Mithridates, enjoyed
vigorous health and an extremely long life? Perhaps the formula was
destroyed when Callistratus, Mithridates’ personal secretary, was
murdered by Roman soldiers during the wars while carrying important
papers. After his defeat of Mithridates in 63 BC, the Roman commander
Pompey burned many official papers—he might well have burned some
of Mithridates’ toxicological archives. Or—as suggested by the historian
of medicine Alain Touwaide—maybe Pompey actually obtained the
original recipe but kept it secret within his circle [4]. Finally, the instruc-
tions for the Mithridatium may never have been written down. Perhaps
they were recorded only in Mithridates’ prodigious memory.

Without new evidence—such as a verifiable, datable recipe from the
first century BC preserved in writing, or the discovery of sealed jars of
the king’s own Mithridatium containing identifiable residues of known
theriac ingredients, or Mithridates’ corpse well-preserved enough to
permit hair and bone sampling—we will never know the legendary
universal antidote’s composition. Yet Mithridates’ goal of creating a
“universal antidote” lives on. Sergei Popov, a top scientist once
employed in the ultrasecret Soviet bioweapons program of the 1980s
and 1990s, defected to the United States in 1992. Popov’s work now
focuses on broad-spectrum biodefenses; in other words, he seeks a
“universal” antidote to provide immunity to known biotoxins and
“weapons-grade” pathogens. Like the Janus-faced pharmaka of the
Mithridatium, the materials Popov investigates hold the potential for
great harm or great good [2].
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CHAPTER 44
Theriaca Magna: The Glorious Cure-All Remedy

Marianna Karamanou and George Androutsos

4.1 INTRODUCTION

Once upon a time an ambitious king rivaled Rome’s expanding domin-
ions, creating a Black Sea Empire. Claiming descent from Alexander
the Great and Persian Royalties, Mithridates VI Eupator (132�63 BC),
king of Pontus in Asia Minor, recruited an ethnically diverse army and
tried to create an independent East Empire. While Mithridates was still
a child, it was said that his mother poisoned his father (Mithridates V)
and that after that she become a vicereine. Afraid that his mother
would attempt to kill him and living in constant apprehension of being
poisoned by his enemies, Mithridates became obsessed with poisons
and tried to develop a tolerance by ingesting small amounts of them
daily as well as a mixture of antidotes. Experimenting on criminals
and slaves, he was one of the first to systematically study poisons
in humans. He also created a general antidote, Mithridatium, that con-
tained 36 ingredients and was said to protect against any known poi-
son. Defeated by the Roman military leader Pompey (106�48 BC) in
63 BC, Mithridates poisoned his wives and children but no poison could
kill him. In the end, he had to ask his Gallic mercenary bodyguard to
kill him with a sword. His work on pharmacology and toxicology was
translated into Latin by Pompeius Lenaeus, a learned freedman of
Pompey, and Mithridatium entered the Roman world [1].

4.2 THERIAC IN ANTIQUITY

In a period in which poisoning was a traditional political weapon and
a typical method of royal succession, polyvalent antidotes such as alex-
ipharmaka or theriac (derived from the Greek therion, for wild beast)
were highly esteemed. These were supposed to induce immunity
according to the principle that like cures like, by gradually introducing
small amounts of poison into the organism. Subsequently, several
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kinds of theriacs were produced but the most celebrated was perhaps
that invented by Adromachus the Elder, a Cretan who became
Archiater (chief physician) to the Emperor Nero (54�68 CE).

Andromachus’s concoction, Galene Theriaca (tranquility theriac), was
an improved version of Mithridates’s elixir, containing 65 ingredients
with a higher proportion of opiates and minerals and with the original
lizard flesh replaced by that of a viper [2]. The recipe for Galene was
written in Greek by Andromachus in the form of elegiac couplets and
the prose rendition was quoted by his son Andromachus the Younger:

Pastils of squill 48 drachms; pastils of viper’s flesh 24 drachms; pastils of hedy-
chroum and black pepper 24 drachms each; poppy juice 24 drachms; dry
roses, water germander, turnip seeds, iris from Illyricum, agaric from Pontus,
cinnamon, licorice juice, opobalsam, of each 12 drachms; myrrh, saffron, gin-
ger, rhubarb from Pontus, cinquefoil root, calamint, horehound, parsley, laven-
der, saussurea lappa, white pepper, long pepper, dittany from Crete, fragrant
rush flower, frankincense, turpentine, cassia bark quill, nard from India, of
each 6 drachms; germander, ground pine, hypocist, juice of the leaf of white
flowered cinnamon, nard from Gaul, gentian root, anise, flesh of lamb from
the land of Athamanes, fennel seeds, terra lemnia, roasted copper, cardamon,
yellow flag, burnet from Pontus, fruit of balsam-tree, St John’s wort, shittah
rose, Arabic gum, cardamomum, of each 4 drachms; wild carrot seeds, galba-
num, gum from Ferula persica, Hercule’s woundwort, bitumen, castoreum,
small centaury, small birthwort, of each 2 drachms, of Attic honey 150
drachms; of vetch meal 80 drachms [3] (Figure 4.1).

The concoction took 40 days to prepare after which the maturation
process began. According to Andromachus, his theriac had more appli-
cations than simply as a remedy against venomous bites or an antidote
for poisons. It was also effective in the treatment of headaches, poor
sight, kidney stones, ulcers, dysentery, and deafness; it could induce
the menses and dry up the excess of humors in the body (2).

However, almost a century later, another theriac appeared that
eclipsed all others in fame and popularity to become a universal pana-
cea. It was the theriac prepared by the distinguished Greek physician
Galen (130�c. 201) (Figure 4.2). The basic formula consisted of viper’s
flesh, opium, honey, and more than 70 other ingredients. Twelve years
was considered the proper period to preserve it before use, although
the Emperor Marcus Aurelius (121�180 CE) used the mixture within
2 months from its preparation [4]. According to Galen, Marcus
Aurelius was taking theriac daily, mixing it with wine or water to pro-
tect against poisons and to ensure good health status. This habit,
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Figure 4.1 The prescription of Theriaca Andromachi, from the 1677 edition of Pharmacopea Londinensis.
Source: Wellcome Library London.
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which influenced his sleep and resulted in a lack of sleep after it was
withdrawn, suggests that he was probably addicted to opium [5].
Galen referred to the duration of the drug’s efficacy, nowadays known
as the expiration date: “Theriac is still effective after thirty years and
for all those mild diseases it is recommended even after sixty years.
After this span of time, the drug weakens and is no longer effective” [6].
Moreover, Galen experimented with theriac by performing one of the
first randomized control trials in history. In his work De theriaca ad
Pisonem he writes that he took roosters and divided them in two groups.
In group A he administered theriac and in group B he did not. Then
he brought both groups into contact with snakes. He observed that the
roosters of group B died immediately after the bite, while those in group
A survived, proving the therapeutic effectiveness of the preparation.

Figure 4.2 The eminent Greek physician Galen. Source: Wellcome Library London.
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He also mentioned that the above experiment could be used in cases that
tested whether theriac was in its natural form or had been adulterated [6].

Galen also reported theriac’s therapeutic efficacy on patients: “One
of the slaves of the Emperor whose duty was to drive away snakes,
having been bitten, took for some time draughts of ordinary medicines,
but as his skin changed so as to assume the colour of a leek, he came
to me and narrated his accident; after having drunk theriac he recov-
ered quickly his natural colour” [6]. Galen passed his theriac on under
the name of Theriac of Andromachus and since then its fame as an
antidote has led it to be regarded as a cure-all remedy [7].

4.3 THERIAC IN THE MEDIEVAL PERIOD

During the sixth and seventh centuries, theriac is referred to in several
passages of the works of Aetius of Amida (502�575 CE) and Paul of
Aegina (625�690 CE), while Arabian medicine, under Galenic influ-
ence, adopted theriac’s use [4,8]. Abulcassis (936�1013 CE) described
the preparation of theriac composed of 84 different ingredients, while
Maimonides (1135�1204 CE), in his Treatise on poisons and their anti-
dotes (1198), noticed the administration of the Great Theriac [9,10].
Avicenna (980�1037 CE) provided an explanation for the medicinal
action of theriac which was derived from its specific form, the act of com-
bination and not out of the ingredients, claiming that theriac could not
only cure cases of poisoning but could also strengths the heart and pre-
serve the health of a perfectly well man who consumed it regularly [11].
Averroes (1126�1198 CE) held an opposing view: in his treatise on theriac
(Tractatus de tyriaca), he pointed out that while it was beneficial to the
patient as an antidote, it could be dangerous as a regular and
repeated medication as it could alter the health status and rendered poi-
sonous. He advised physicians to prescribe it with caution and not as a
prophylactic remedy [12].

In the eleventh century, the translation of the works of Arab physi-
cians renewed Western medicine and theriac is listed in its turn among
the remedies recommended in the renowned work Regimen sanitatis of
the Salernian School: “The raddish, pear, theriac, garlic, rue, all potent
poisons will at once undo” [13]. In Antidotarium Nicolai (twelfth cen-
tury), a Salernian collection of some 150 empirical time-tested recipes,
theriac is credited with more far-reaching powers of both a therapeutic
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and a prophylactic nature: “Theriac is good for the most serious afflic-
tions of the human body as epilepsy, catalepsy, headache, stomach
ache, migraine, hoarseness, bronchitis, asthma, jaundice, dropsy, lep-
rosy. It induces menstruation and expels the dead fetus. It is especially
good against all poisons, and bites. It strengths the heart, brain, liver
and keeps the entire body incorrupt” [14].

In the newly founded Montpellier medical school (1221) theriac
stimulated keen interest among medical scholars who attempted
to determine its mechanism of action and dosage; their work also
raised the question of whether it could be administered to the
healthy. Arnaud de Villeneuve (1235�1311 CE), Henri de Mondeville
(1260�1316 CE), Bernard de Godron (1285�1318 CE), and others
relied more or less on Averroes’ doctrines, which stated that theriac
should not be taken by healthy individuals [15]. In his Chirugia (1300),
Mondeville mentioned, “It must be noted fifthly that according to
Averroes in his book de Tyriaca, medicines curing poisons are midway
between medicines, the body and poisons; in bloody and choleric ill-
nesses theriac is not of value . . . and it should everywhere and always
be administered with the greatest precaution while in fevers the use of
theriac is almost wholly to be abandoned” [12]. Furthermore, physi-
cians and patients seemed to have been aware of the effects of theriac’s
ingredients and the fatal consequences of overdosing. Bernard de
Gordon was called to treat an apothecary who had accidentally
received a fatal dose of theriac: “It happened that a certain apothecary
had sold a toxic substance and some remained behind the nail of his
thumb. When he began to pick his nose with his thumb, his color
began to change and he fainted repeatedly. When he took three drams
[of the antidote theriac], his condition became more serious. I was
called around midnight and I saw that the amount of theriac had been
too high. I made him vomit and after he had purged his stomach suffi-
ciently, I gave him one dram of theriac and he was cured” [16].

Theriac is mentioned in the twelfth-century story of Tristan and
Isolt. Poisoned by a dragon, Tristan receives care from Isolt: “She felt
his body and found that he was still alive; she made him drink some
theriac and took such care of him that all of his swelling went down
and he was cured and restored to his beauty” [17]. Thanks to the mys-
tique of legend and magic, theriac usage was widespread in the Middle
Ages, notably for curing plague. The 1348 Consultation de la Faculté
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de Paris stressed the importance of theriac’s administration for plague
prophylaxis [18]. In the same way, the notable French surgeon Guy de
Chauliac (1300�1368 CE), who witnessed the terrible plague outbreaks
of 1358 and 1361, remained healthy thanks to the daily intake of
theriac, while several other physicians, among them Johannes Jacobi
in his Regimen contra pestilentiam, suggested theriac as a cure for and
prophylactic remedy against plague [19,20].

4.4 THERIAC IN THE RENAISSANCE

During the Renaissance, theriac became extremely popular and highly
prized, taking center stage in the European pharmacopeias, while the
ambition to produce a perfect concoction stimulated pharmacists
through Europe. The Venetian Republic became the center for the pro-
duction of the highest-quality theriac known as Venice treacle, an offi-
cial preparation carrying the republic’s seal. Its export throughout the
rest of Europe provided an important source of revenue [21]. Soon an
important question rose: Was the prepared theriac as effective as that of
the classical age? There had been cases in which theriac was proved to
be ineffective and physicians doubted its action. According to Pietro-
Andrea Mattioli (1500�1577 CE), many of the ingredients used in classi-
cal times were now unavailable, while Bartolomeo Maranta (d. 1571),
author of Della Theriaca ed del Mithridato, blamed the ignorance or
negligence of physicians and pharmacists for the failure to produce an
effective theriac [21]. Concern for guaranteeing the genuineness of the
product led the authorities of several cities to supervise its production
(Figure 4.3). The manufacturing of theriac in public led to the introduc-
tion of strict controls over and standards governing the quality of ingre-
dients, thus stimulating the earliest concepts of medicine regulations.

4.5 CONCLUSION

Kept in ornate porcelain jars, illustrated in scenes from the life of
Mithridates, the recipe to produce and to use theriac reached the nine-
teenth century as it was included in the 1872 German and 1874 French
pharmacopeias, and then progressively disappeared [21] (Figure 4.4).
Was it a universal antidote or just an addicting tranquilizer, thanks to
opium? Either way, its impact on humanity lasted more than 2000 years.
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Figure 4.3 An apothecary publically preparing theriac, under the supervision of a physician, fifteenth century.
Source: Wellcome Library London.

Figure 4.4 Drug jars for Theriac, eighteenth-century France. Source: Wellcome Library London.
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CHAPTER 55
Nicander, Thêriaka, and Alexipharmaka:
Venoms, Poisons, and Literature

Alain Touwaide

The Thêriaka and Alexipharmaka, by the otherwise not-well-known
ancient Greek author Nicander of Colophon, are probably the most
paradoxical works in the history of toxicology [1]. They have been
transmitted by more than 40 manuscripts—one of which dates as far
back as the tenth century and is richly illustrated—with multiple edi-
tions, translations, and commentaries by Renaissance physicians and
scholars. The first of these was printed in 1499 at the very beginning of
Greek scholarly printing, and repeated printed editions by modern
Western classicists, including innumerable erudite publications, aimed
to decipher the text of these two works.

The Thêriaka and Alexipharmaka are two poems of 958 and 630
verses, respectively. The former is devoted to venoms and the latter to
other poisons. A word of explanation about the use of these words is
in order. Venom usually refers to a poisonous substance requiring
an animal delivery system (for example, snake venoms via biting). On the
other hand, poisonmore generally refers to a substance causing harm typ-
ically by ingestion, although other routes of exposure, such as absorption
through the skin are also possible. Thus, plants such as poison ivy, miner-
als such as cinnabar (due to its mercury content), and even parts of ani-
mals, such as fugu fish, may correctly be called poisons.

The verses of Nicander’s two poems reproduce the structure of the
Iliad and the Odyssey, which consists of hexameters. Whatever the
exact period of the composition of the Thêriaka and Alexipharmaka
(possibly the later second century BCE, but this is a matter of debate, as
we shall see), such verses gave an archaic tone to Nicander’s poems. It
certainly sounded familiar to the Greek readers of Nicander in antiq-
uity since the Iliad and the Odyssey formed the backbone of ancient
education and every educated Greek memorized them at an early age.
Nevertheless, the use of such verses conveyed a sense of solemnity,
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majesty, and power�if not of inexorability and fatality�that strongly
contrasted with the content of the two poems and the description of
cases of poisoning and envenomation.

5.1 THE THÊRIAKA

The Thêriaka is about venomous animals. The title refers to wild ani-
mals (thêr in ancient Greek) and is an adjective in neuter, plural, func-
tioning as a substantive meaning “the things about wild animals.” The
term thêr was normally used in classical Greek to refer to a wide vari-
ety of wild animals, from bears to wolves. Common to all of them was
their possible noxiousness to humans. This notion justifies the use of
the term thêr in the field of toxicology, but with the understanding that
the possible harm arose from venom of the animals in question rather
than the carnivorous qualities of creatures such as bears and wolves.
Indeed, the toxicology of the time concerned itself with rather small
animals such as scorpions, spiders, and insects.

The subjects of the Thêriaka are not limited to such obviously dan-
gerous animals as those just mentioned (to which snakes of all kinds
must be added). They also include other animals like shrews, lizards,
and fishes. The common denominator in all such animals is the pres-
ence of both an anatomical structure that make it possible to inoculate
a substance by transcutaneous injection, and a liquid that becomes
harmful when injected into the human physiological system.

The anatomical structures functioning as needles may be the fangs
of snakes, spiders, and shrews; the stings of scorpions, stingrays, and
bees; or the acerate, needlelike dorsal fins of fishes. These structures
allow for the inoculation of substances whose effects can range from
irritant to lethal.

In this context, Thêriaka are the venomous animals identified as a
group in the natural world. This group is not defined as a genus in
terms of modern taxonomy, but rather by its anatomical structure,
which allows for the inoculation of venom. In spite of this overarching
definition, most of the Thêriaka—no less than 350 verses, or 40 percent
of the whole work—is devoted to snakes.

The composition of the Thêriaka is clear. After the brief narration
of two myths accounting for the creation of snakes and scorpions
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(verses 8�12 and 13�20, respectively), Nicander briefly mentions the
activities of humans in the countryside that expose them to the risk of
envenomation (verses 31�34). This is a pretext for him to introduce a
tableau and to evoke country life in the manner of traditional Greek
literature. Nicander then moves to the prevention of envenomation,
mainly through fumigations with odoriferous substances that are sup-
posed to repel snakes (verses 35�79) and body creams with the same
objective (verses 80�114).

Once these preambles are finished, Nicander examines several
cases of snake envenomation. Again, he opens this section with some
tableaux, taking their substance from the description of the annual
life cycle of snakes, their sloughing and breeding seasons (including
the classical myth of female vipers killing their mates after coupling),
and their supposed higher irritability (and hence the increased nox-
iousness of their venom) during scorching summer heat (verses
115�144). He then studies 15 snakes; for each one, he describes its
habitat, body, and any other ethological characteristic, followed by a
precise enumeration of the symptoms caused by envenomation
(verses 145�492).

After this zoological-pathological section, Nicander devotes no less
than 220 verses (493�713) to the treatment of the 15 cases of enven-
omation that he has just presented. He cites the ingredients for 23 rem-
edies and explains how to prepare them. Strangely enough, he does not
specify for which exact snake envenomation each remedy is used,
whereas in the description of the symptoms following the different
cases of envenomation, he makes clear the difference between hemo-
lytic and neurotoxic venoms.

Demonstrating that his major focus is on snakes, Nicander ana-
lyzes all the other venomous animals in just 120 verses (715�836):
spiders (715�768); scorpions (769�804); some insects (805�814); the
shrew (815�816), which is supposed to be venomous but probably
just propagates contagious diseases; lizards (817�821); and fishes
(822�836).

The poem ends with a second section on therapeutics (verses
837�956). In no particular order, Nicander describes first and at great
length a remedy made of 82 substances (verses 837�914). He then
moves to emergency measures (verses 915�933), which include sucking
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the venom from the wound or applying leeches with the same purpose,
applying cups and cauterization to aspire or burn the venom and close
the wound, applying a tourniquet to prevent the diffusion of the
venom in the cardiovascular system, and using irritant botanicals
aimed at provoking hyperhemia to the same effect. The poems con-
clude with the description of a panacea made of 24 drugs.

5.2 THE ALEXIPHARMAKA

This second poem is substantially shorter than the Thêriaka, with just
630 verses. Its topic has not always been correctly understood. In the lit-
erature, it is not infrequent to find statements that the Alexipharmaka
deals with the antidotes of venoms and poisons. Actually, the poem is
devoted to poisons and poisoning and their treatment, and it represents
the second part of the diptych that always constituted toxicology in
antiquity, with the venoms on one side and the poisons on the other.

The meaning of the word Alexipharmaka is still unclear. It is mani-
festly composed of two elements, the second of which is pharmakon. In
spite of its apparently obvious interpretation referring to a remedy, this
term was used in antiquity to refer to both a remedy and a poison. Its
exact meaning was defined by using a determinant (such as esthlon (sal-
utary) or kakon (deadly) that helped clarify its fundamental ambiguity.
This contradictory use indicates that the overarching meaning of phar-
makon is neither “medicine” nor “poison,” but rather “a substance
introduced into the body (or applied to it) in order to provoke a modifi-
cation.” As for the first component of Alexipharmaka, alex-, it is of
uncertain origin and meaning, although it clearly conveys the meaning
of “treating” or “healing.” The association of the two elements, alex-
and pharmakon, may signify both the treatment (5alex-) of the deadly
substances introduced into, or in contact with, the human body, or heal-
ing medicines (5pharmakon). Used as the title of this poem, it refers to
the treatment of the funest effects of substances introduced into, or mak-
ing contact with, the human body. This is all the more true because, if
the Alexipharmaka is defined in that way, it completes the Thêriaka and
constitutes the second half of the ancient toxicological discourse. In this
way, the study of toxicology has two elements: venoms (injected by ani-
mals) and poisons (taken orally or through contact with the skin). The
two parts make a coherent set of works on toxicology.
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The structure of the Alexipharmaka is much more directly percepti-
ble than that of the Thêriaka. It deals with 21 poisons from the three
natural kingdoms (vegetable, mineral, and animal) and devotes a sec-
tion to each of them, with three elements: the description of the solu-
tion containing the poison, that of the symptoms following its
absorption per os, and finally, a list of remedies and their preparation.

5.3 THE NICANDREAN QUESTION

The Homeric style of the two poems is not limited to their form (i.e.,
each consists of 12 syllables); they both imply the epic mode, with its
feeling of unicity, grandeur, and, at the same time, tragedy. In this
view, the description of the symptoms that follow the envenomation or
the poisoning is not strictly medical in nature—even though it uses
medical terminology, sometimes specific and sometimes not. Rather, it
is transformed into a grandiose epic battle between humans and death.
The victims become heroes, fighting, with all their strength and energy,
a desperate battle against a treacherous enemy, often hidden in the
depth and the dark and attacking without a break in spite of the
repeated administration of remedies.

Just as the Homeric epopee sometimes moves from the battlefield
to the tents of the warriors on the plain of Troy and details the daily
life of the soldiers, Nicander’s narrative of the fight between humans
and venoms/poisons is interrupted by descriptions of homes, with their
cozy interiors, and of the quiet life of the countryside. For example,
the variegated color of the skin of a snake is compared to a rug; the
many leaves of a plant used for therapeutic purposes become a forest;
and the inflammation of the body recalls the sun of summertime,
together with the need for water and refreshment.

Delving deeper into these associations of ideas, the fight of humans
against the destructive forces of venoms and poisons is equated to the
primordial forces that shaped the cosmos; the narrative assumes a
grandiose dimension with a desperate tone that inspires a feeling of
tragedy.

This comparison of the report of clinical cases to the Homeric epopee
with its multilayered interpretations, of which we have just highlighted
some, poses the question of the exact nature of the Thêriaka and
Alexipharmaka and of the identity of Nicander. Should the two poems
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be considered as medical works, or just literary fantasies on a medical
theme? And what kind of background did their author have? Was he a
physician with a perfect knowledge of toxicology, or a writer and a poet
whose genius consisted of imbuing the toxicological discourse with an
epic feeling? The toxicological knowledge—or the lack thereof—
displayed in the two poems has rarely been taken into consideration in
the polarized debate generated by these questions. Nor have the scanty
elements known about Nicander’s life been studied.

5.4 ANCIENT TOXICOLOGY

The knowledge of venoms and poisons in the ancient Greek world
dates as far back as memory can go. In Greek mythology, Telegonus,
son of Odysseus and the nymph Circe, accidentally killed his father
with a spear topped with the venomous spine of a stingray. Although
toxicology was not formalized as a discipline in its own right before
the first century BCE/CE, it gradually developed into a coherent body of
data organized according to a well-defined principle: the specificity of
the action of the venoms and poisons, characterized by a selectivity for
a determined physiological system in the human body. Such specificity
required counteraction by means of equally specific therapies. As a
result, when toxicology reached its peak sometime at the beginning of
the Common Era, its discourse was organized according to this princi-
ple�that is, in a tripartite division: the description of the animals
responsible for the envenomation or of the substances causing the poi-
soning for identification purposes and, on this basis, administration of
the specific therapy; the description of their effect for the same reason,
in case the lethal agent could not be seen or was no longer present;
and the remedies.

The substance and the composition of the Thêriaka and
Alexipharmaka do not demonstrate a full mastery of this principle or
of the toxicological discourse. In the Thêriaka, the effects of hemolytic
and neurotoxic venoms are distinguished very well and the text does
not cause any confusion. However, no such distinction appears in the
enumeration of the therapies that are grouped after the description of
all the cases of envenomation. In the Alexipharmaka, the description
of the substances and their effects instead is directly followed by a list
of the therapies for such substance. Besides the differences in treatment
between the Thêriaka and the Alexipharmaka, the lack of internal
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coherence in the Thêriaka does not support the hypothesis of Nicander
as being a physician who was well informed and aware of the latest
advances in toxicology. Rather, he seems to be a literate man who
applied his art to create a paradoxical oeuvre.

5.5 VENOMS, POISONS, AND ART

Although his work is cited in some Greek and Latin literature, not
much is known about Nicander. One of Nicander’s works is dedicated
to a king of Pergamon, usually identified as Attalus III, who reigned
from 138 to 133 BCE. Attalus is reputed to have had a keen interest in
toxicology, particularly in poisonous plants. He is credited with testing
their effects via experiments on convicted criminals.

However unacceptable this might seem nowadays, it was not excep-
tional at the time, as other kings in that period did similar work.
Besides the king of Macedonia, Antigonus II Gonatas (reigned
277�239 BCE), Antiochus III, king of Seleucia (reigned 222�187 BCE),
and Ptolemy IV, king of Egypt (reigned 221�205 BCE), there was the
king of Pontos, Mithridates VI Eupator (reigned 120�63 BCE), who
distinguished himself by experiments of all kinds, including some that
he performed on himself.

These kings give credibility to the activity of Attalus III of
Pergamon and to the presence of a literate person at the royal court
who devoted some of his works to the interest of his king. By writing
these works in Homeric verses, the poet transformed (or maybe trans-
muted is a better word) the activities of his sovereign from a dubious
activity into a literary expression of a drama of ancient daily life, par-
ticularly envenomation.

In perfect harmony with the artistic taste of his time and also in
total continuity with the centuries-long Greek educational tradition,
Nicander wrote the Thêriaka and Alexipharmaka in a Homeric way as
a pathetic fight against death. His works are a graphical, almost visual
representation of blood and gore, of violence and destruction, and of
death and putrefied bodies. They echo the dramatic feeling of the
Hellenistic time best concretized in the grandiloquent statuary of the
Pergamon Altar. Simultaneously, the Homeric inspiration permeates
the works with an epic sense of dignity as they compare the victims of

50 History of Toxicology and Environmental Health



poisons to the warriors whose heroic deeds shaped the Greek identity
in history.

More than a diptych on toxicology, Nicander’s Thêriaka and
Alexipharmaka indicate the seductive power of venoms and poisons on
the human imagination, however tragic this literary theme might be.
As such, they have a place in the history of toxicology as an interesting
source of information, however implicit and imperfect.
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CHAPTER 66
Alexander the Great: A Questionable Death

Adrienne Mayor

On his way back to Greece after spectacular conquests from Persia to
India, Alexander the Great (b. 356 BC) died in Babylon in the Palace of
Nebuchadnezzar II (modern Iraq) on June 10 or 11, 323 BC. During one
of many all-night drinking parties in Babylon, Alexander’s companions
had heard him cry out in pain, complaining of a “sudden, stabbing agony
in the liver.” The young conqueror of the known world was put to bed
with severe abdominal pains and a very high fever. Over the next 12�14
days, his condition declined and he became gravely ill. The ancient
sources report that Alexander suffered restlessness, weakness, extreme
thirst, loss of consciousness, possible convulsions, and great pain. Partial
paralysis set in—he was only able to move his eyes, head, and fingers
with difficulty. He lost the ability to speak and fell into a deathlike state.

6.1 ALEXANDER’S LAST DAYS

Several ancient Greek and Roman historians described Alexander’s
last days. They had access to many contemporary texts that no longer
survive, including a mysterious source called the “Royal Diaries” or
“Journal” [1,2]. We know that five men close to Alexander wrote
accounts of his death: Alexander’s bodyguard and friend Ptolemy, his
admiral Nearchus, his secretary Eumenes, his chamberlain Chares, and
his military engineer Aristobulus. Unfortunately their memoirs are all
lost except for fragmentary quotations preserved by later historians,
including Diodorus Siculus (first century BC); Plutarch (about AD 100);
Pliny and Quintus Curtius Rufus (both first century AD); Arrian,
Pausanias, and Justin (second century AD); Aelian (about AD 200); and
the so-called History or Romance of Alexander (dating to about
AD 250; several manuscript versions exist).

According to Diodorus (17.117), at the last banquet he attended in
Babylon, Alexander “drank much unmixed [strong] wine. . . and finally
gulped down a huge beaker. Instantly he shrieked aloud as if struck by
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a violent blow.” His attendants “conducted him to bed, and his physi-
cians were summoned” but Alexander continued to suffer in great pain.
Justin (12.13�15) adds more details: “Taking up a cup, he had drunk
half of it when he suddenly uttered a groan, as if he had been pierced
by a spear; he was carried half-conscious from the banquet. The torture
was so excruciating that he called for a sword to put an end to it. The
pain upon being touched by his attendants was if he were covered with
wounds. . . . On the sixth day, he could no longer speak.”

The historian Arrian (7.25�26) affirmed that Alexander was unable
to speak near the end: “Lying speechless as his men filed by, he strug-
gled to raise his head, and in his eyes there was a look of recognition
for each individual as he passed.” Justin (12.17) had also noted that
Alexander was speechless but was able to move his hands: “Unable to
speak, he took his ring from his finger, and gave it to Perdiccas
[Alexander’s trusted general].”

Alexander’s biographer Plutarch (Alexander 75�77) denied the
stabbing pain, describing only “a raging fever” marked by “violent
thirst.” Plutarch said “he drank a lot of wine, upon which he fell into
delirium.” Plutarch also described restlessness, loss of appetite, high
fever, and inability to speak.

According to the third-century AD Greek Alexander Romance
(3.30�31), which contains both historical facts and fantasy about
Alexander’s life and death, after his cupbearer Iolaus served him a beaker
of wine late in the evening, Alexander began showing signs of malaise,
getting up and pacing around the room. “He again sat down [and] with
his hands trembling, complained that it was as if a heavy yoke were upon
his neck. When he stood again to drink. . . he shouted with pain as if
pierced in the liver with an arrow.” The Romance continues: “[R]acked
with pain,” Alexander’s condition deteriorated, and he “could not speak
because his tongue was so swollen.” He suffered convulsions, delirium,
hallucinations, and bouts of unconsciousness. “Throughout the night the
king would writhe and shake upon his bed, then he would become still.
At other times he would ramble with meaningless words, appearing to
speak with spirits in the bedchamber” [3].

About 13 days after falling ill at the banquet, Alexander was pro-
nounced dead, on the afternoon of June 11, 323 BC, just before his 33rd
birthday. His body was placed in a coffin in a storeroom. The Egyptian
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and Chaldean embalmers who arrived on June 16 noted that
Alexander’s body was strangely preserved, even in Babylon’s hot cli-
mate (Plutarch Alexander 77; Curtius 9.19). This effect has been taken
by modern historical detectives to indicate that some sort of poison
may have preserved the corpse or that a profound coma was mistaken
for death.

Many ancient Greek and Roman writers speculated on the true
cause of Alexander’s death, which remains an unsolved mystery.
Several ancient historians reported that rumors of poisoning circulated
soon after the untimely death of Alexander [4�6]. His closest friends
suspected a legendary poison gathered from the Styx River waterfall
near Nonacris in Arcadia (north central Peloponnese, Greece), a sub-
stance reputed to be so corrosive it could only be contained in the hoof
of a horse. The Styx River was thought to be an entrance to the
Underworld in classical antiquity and its waters were believed to be
toxic.

The ancient historians were divided on whether Alexander died of
natural causes or was murdered by poison. Justin (12.13�14) and Pliny
(Natural History 30.53) accepted the poison conspiracy, as did Pseudo-
Plutarch (Lives of the Ten Orators 56; Moralia 849 F). Pausanias
(8.17.18), Arrian (7.27), and Curtius (10.10.14) were neutral. Plutarch
(Alexander 75�77) was skeptical. Diodorus (17.117.5�118.1�2) was
cautious, pointing out that after Alexander’s bitter enemies, Antipater
and Cassander, took over Alexander’s empire, “many historians did not
dare to write about the drug” or the plot. Moreover, he noted that
Alexander’s mother Olympias sought revenge on Cassander and others
because she believed that they had poisoned her son (Diodorus 19.11.8).
Olympias was then murdered by Cassander. Diodorus’s intimations
were more strongly expressed by Justin (12.13), who wrote, “The con-
spiracy. . . was suppressed by the power of Alexander’s successors.” In
the Middle Ages and Renaissance, murder by poisoning was generally
accepted as the cause of Alexander’s death; Voltaire, among others,
accepted the poisoning plot.

6.2 MODERN THEORIES OF NATURAL CAUSES

Many modern theories propose an array of natural causes for
Alexander’s slow death. These retrodiagnoses include alcohol poisoning
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from extremely heavy drinking, septicemia from infected old wounds
that Alexander received on previous campaigns, pancreatitis, malaria,
typhoid, West Nile fever, porphyria, schistosomiasis, accidentally
harmful treatment by the royal physicians, or a combination of causes.
In 2009, John Atkinson, Elsie Truter, and Etienne Truter produced a
valuable summary and full bibliography of Alexander’s last days, with
the reported symptoms, a timeline based on the ancient sources, and
an appendix of proposed causes of death and their merits and
drawbacks [7].

Before falling ill in Babylon, Alexander had traveled across India,
Pakistan, Iran, and Iraq. Hindu doctors accompanied his army in
India and Pakistan; they provided Alexander with exotic natural
medicinal plants, venoms, and minerals. Significantly, Alexander was
known to have treated himself with unknown, powerful drugs—in one
of these experiments he nearly died. One might speculate that some
experimental self-treatment was the cause of his death [8].

It also may be significant that in the 2 weeks before his death
Alexander had been sailing for 3 days in the Great Swamp of
Babylonia, the marshy Tigris�Euphrates delta (Diodorus 17.116.5�7).
This raises the possibility of mosquito-borne disease; many of the
symptoms fit the ancient descriptions. West Nile fever has been sug-
gested [9], but that is a recently evolved disease; perhaps an unknown
precursor existed in Alexander’s era. Malaria was first proposed by a
French physician in 1878 and has been promoted by several recent his-
torians [10�12]. Malaria is an attractive candidate, but the distinctive
recurrent fever curve in malaria caused by the Plasmodium parasite
was absent from the ancient reports. Typhoid has also been suggested
[13,14]. A complication of typhoid is ascending paralysis, which could
have caused Alexander to appear dead for several days before he died.
But if any of these infectious diseases was the culprit, it seems likely
that other people in Babylon would have been struck with similar
symptoms. According to the detailed historical accounts, Alexander
was the only one to fall ill, a fact that could point to poisoning.

6.3 MODERN THEORIES OF POISONING

Many modern arguments have been made for accidental or deliberate
poisoning. In one theory, for example, Alexander’s doctors treated him
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with a fatal dose of medicine in an attempt to counteract poisoning.
Leo Schep, a toxicologist, considered what sort of drug might have
been administered if Alexander was thought to have ingested poison;
in 2009, he concluded that hellebore was the likely culprit [15]. In
2014, Schep’s team suggested that if Alexander had been deliberately
poisoned, it would have been by white hellebore (Veratum album) fer-
mented into wine [16]. Arguments against hellebore include the follow-
ing facts: hellebore is intensely bitter; there is no evidence for
fermentation into wine in antiquity; and hellebore was notorious for
causing violent gastrointestinal symptoms and even death in weak
patients. Often prescribed as a purge in antiquity, hellebore had to be
used very cautiously. The symptoms of hellebore poisoning were very
well known generally and an overdose would have been recognized by
Alexander’s doctors and probably by his companions. The effects are
unmistakable: hellebore induces explosive diarrhea and vomiting.
Significantly, neither of these hallmark symptoms was mentioned in
any of the ancient sources who described Alexander’s death.

If Alexander was poisoned by his enemies, the agent may have been
an easily available mineral or plant toxin. In 2004, Paul Doherty con-
cluded that Alexander was poisoned with arsenic, which might have
preserved the body from decomposition [17]. Strychnine was first sug-
gested by R.D. Milnes [18], citing Theophrastus (History of Plants
9.11.5�6). In 2004, Graham Phillips [19] suggested an alkaloid plant
such as belladonna (deadly nightshade), aconite (monkshood)—both
easily available—or strychnine. Since Alexander did not suffer vomit-
ing, which always accompanies alcohol, belladonna, arsenic, and aco-
nite poisoning (as well as hellebore ingestion), Phillips concluded that
the agent must have been strychnine (Nux vomica). Strychnine poison-
ing appears to match some of the symptoms: paroxysmal contractions
of muscles followed by complete relaxation, skin very painful to touch,
high fever, sweating, high blood pressure, intense thirst, and lockjaw.
Nux vomica has a very bitter taste, however, making it difficult to hide
in a drink. This plant would have had to come to Babylon from south-
ern India, never reached by the Greeks. Moreover, poisoning by this
and other plant toxins would have required repeated doses to cause
Alexander’s slow death, and this would increase the chances of the
plot being discovered. It is also notable that Alexander, who was
described as pathologically paranoid at this time, apparently did not
himself suspect poisoning [10].
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6.4 THE STYX RIVER POISON PLOT

Rumors of poisoning began to circulate among some of Alexander’s com-
panions soon after his death (Justin 12.14; Plutarch Alexander 77.1�3;
Diodorus 17.118). Many people both in Babylon and in Macedon had
the motives and the means. Suspicion fell on his enemy Antipater, the
viceroy in Macedonia, and on Antipater’s son Cassander, who had
recently arrived in Babylon from Greece. Plutarch (Alexander 75�77)
gives a detailed account of the alleged conspiracy and the special poison
from the Styx, mentioned above. Some (such as Arrian 7.24�27;
Plutarch Alexander 77; Pliny 30.53) claimed that it was Aristotle,
Alexander’s old friend and tutor, who had provided the Styx poison
because he now feared his student. Aristotle was in Athens at the time of
Alexander’s death. He was said to resent the murder of his nephew by
Alexander in 327 BC. Was Aristotle also suspected because he had written
about Styx poison in a lost book of natural history? We know that
Aristotle’s fellow natural philosopher Theophrastus did write about Styx
poison.

According to Arrian (7.24�27), “Antipater sent Alexander medicine
which had been tampered with and he took it, with fatal results. Aristotle
is supposed to have prepared this drug. . . . Antipater’s son Cassander is
said to have brought it [to Babylon]. Some accounts declare that he
brought it in a mule’s hoof, and that it was given to Alexander by
Cassander’s younger brother Iolaus, who was his cup-bearer. . . . [O]thers
state that Medius, Iolaus’ lover, had a hand in it. . . . [I]t was Medius who
invited Alexander to the drinking-party [where Alexander] felt a sharp
pain after draining the cup.” The Greek Alexander Romance [3] main-
tained that the banquet was a conspiracy involving Antipater, Cassander,
Iolaus, and others. Ingemar Düring [20] gathered and commented on the
ancient evidence for Aristotle’s involvement, and he suggested that the
case was a common topos in public debates by later peripatetic philoso-
phers. Plutarch (Alexander 75�77) identifies the authority for implicating
Aristotle as Hagnothemis, who heard it from Antigonus, a trusted
contemporary of Alexander. The Styx poison said to have been prepared
by Aristotle was “deadly cold water from the rock cliff near Nonacris,
gathered [or distilled] like a delicate dew [or exudation] and stored in an
ass’s hoof, for all other vessels were corrupted by its icy, penetrating
corrosiveness.”
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According to the Greek Alexander Romance, Alexander was killed
with a poison that destroyed bronze, glass, and clay, and had to be
sealed in a lead jar inside an iron jar. When Alexander tried to induce
vomiting to rid himself of the poison, Iolaus gave him a poisoned
feather. A fourteenth-century illustrated manuscript of the Greek
Alexander Romance contains miniature paintings depicting the poison
being transported in a lead pyxis (lidded box) from Greece to Babylon,
the poison passed to Iolaus the cupbearer, and Alexander drinking
from a glass goblet. The motif of a feather coated with poison brings to
mind the account of the poisoning of the Roman emperor Claudius, in
Tacitus (Annals 12.56�58): when poisoned mushrooms prepared by the
notorious poisoner Locusta failed to kill Claudius, the emperor called
for a feather to induce vomiting but his doctor poisoned the feather.
Some of Alexander’s symptoms and the course of his illness seem to
match ancient Greek myths about water from the Styx—for example,
he lost his voice, like the Olympian gods who fell into a coma-like state
after drinking from the Styx. This similarity of symptoms may have led
his companions and others to assume (or to claim for propaganda pur-
poses) that Styx poison was responsible. Such a sacred pharmakon or
drug would cast an aura of divinity on Alexander. The notion that their
great hero had succumbed to the fabled poison taken from the gods’
sacred oath river would have carried symbolic resonance. Combined
with ancient traditions associating the Styx with immortality,
Alexander’s friends could blame a mythic drug worthy of their “semidi-
vine” leader.

The true cause of Alexander’s untimely death more than 2300 years
ago will probably never be solved with certainty. Even if Alexander was
poisoned, the story of a strange “icy dew” gathered from the banks of the
Styx waterfall, the dismal entrance to the Underworld, seems fantastic.
Yet the descriptions of that poison and its source remained consistent in
many different sources over many centuries. Although some of the histor-
ians and naturalists doubted the reality of a poison plot, not one ancient
writer ever cast doubt on the existence of a deadly substance from the
Styx River. Possible identifications of this toxin include calicheamicin, a
deadly bacterium that thrives on limestone crust [21]. Scientific analysis
might one day reveal the identity of a potentially deadly poison from the
Styx. That would account for the river’s nefarious reputation—but the
demise of Alexander would still remain a mystery.
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CHAPTER 77
Harmful Botanicals

Alain Touwaide

7.1 CLASSICAL TOXICOLOGY

Medicinals of classical antiquity are generally considered the basis of
the relatively recent development of Western drugs. In pharmacother-
apy, a wide range of medicinals was drawn from the vast biodiversity
of the Mediterranean environment. Significantly, the many plants
used as materia medica for the preparation of remedies were also
consumed daily as preventative formulations, of which the so-called
Mediterranean diet—now redefined as the “Greek diet”—is the mod-
ern avatar.

Unsurprisingly, the knowledge and judicious use of natural
resources for the management of health, be it curative or preventative,
went together with awareness of the potential dangers (from mind
alteration to death) of some botanicals. This resulted in the develop-
ment of methods aimed at counteracting their effects.

7.2 SOURCES AND DATA

Knowledge of potentially harmful botanicals is evident in the written
legacy of ancient Greece and mythological references are ubiquitous in
this literature. The magician, Circe, daughter of the Sun and of the
Oceanid Perse, i.e., the elements that shaped the cosmos, is said to
have used botanicals to convert the companions of Odysseus into
swine (Odyssey, 10.475�541).

In this chapter, knowledge of harmful botanicals in classical
antiquity is drawn from the ancient medical and scientific literature.
Although information on natural toxic substances can be found in the
most ancient body of Greek medical literature currently preserved
[namely, the series of over 60 treatises ascribed to Hippocrates (between
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375 and 350 BCE) and forming what is called the Hippocratic Collection],
it is not specific and does not communicate an exact understanding of the
ancient knowledge about toxic plants. Nevertheless, it is useful for chro-
nological purposes and for a reconstruction of the development of what
can be called classical toxicology�in other words, a body of data on a
determined object, organized according to specific parameters, aiming at
a relevant objective, and forming, if not a discipline, at least a specialty
that is explicitly recognized as such. The best source about classical toxi-
cology defined in this way is a pair of treatises ascribed to Dioscorides
(dating from the first century CE), the author of De materia medica, the
most famous encyclopedia of materia medica of antiquity. One of these
two documents deals with poisons of all kinds (De venenis), and the other
covers animal venoms (De venenosis animalibus).

Though certainly not written by Dioscorides himself, these two trea-
tises reflect the development in the knowledge of poisons and venoms of
the period (during the first century CE). At any rate, they had a diffusion
that was almost as exceptional as that of De Materia Medica, as they
provided the basis of virtually all the subsequent written works on
toxicological matters�from Galen (129�c.216 CE) himself, however
eager he was to always reformulate the legacy of previous generations
and to reinterpret and integrate it into his own thinking; to such typical
Byzantine medical encyclopedists as Theophanes Chrysobalantes in the
tenth century; Oribasius in the fourth century; Aetius and Alexander of
Tralles in the sixth century; and Paul of Egina, the last physician of
Alexandria, in the seventh century. Arabic and medieval physicians also
used the pseudo-Dioscoridean treatises as a source of the treatment of
toxicology in their medical works, be they all-encompassing encyclope-
dias or shorter treatises specifically devoted to toxicology. The two trea-
tises ascribed to Dioscorides thus appear to have formed the backbone of
most premodern knowledge of natural harmful substances, be they bota-
nicals, minerals, or animals. Such substances included the venoms
injected by snakes, scorpions, fishes, and insects, and the bites of rabid
dogs. Such continuity in the transmission and use of the treatises ascribed
to Dioscorides does not preclude the fact that original works developed
over time, including theoretical reflections on the concept of poison itself.
The fact is that the body of data contained in these works provided the
basic information for almost all material on the topic for approximately
15 centuries, even though this set of data may have been reformulated,
expanded, or revised.
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Of the two treatises, the most relevant here is the one entitled
On Deleterious Substances and Their Prevention (5 De venenis).
It contains 34 chapters totaling over 600 lines and 5000 words.
After a first long chapter dealing with general considerations, each
of the subsequent 33 chapters is devoted to one harmful natural
substance: 10 animals (plus the honey produced by bees that have
taken the pollen of a toxic plant), 16 plants, and 5 minerals. The
common denominator of all these substances (regardless of the
natural kingdom to which they pertain) is that they are taken orally,
as opposed to those in the twin treatise De venenosis animalibus,
incorrectly ascribed to Dioscorides, in which all substances (exclu-
sively animal in nature) are injected into the body or come into con-
tact with the skin.

In the treatise De venenis, all the chapters (whatever the nature of
the harmful substance) are built from a template made of three
parts: (1) the organoleptic description of the substance, (2) the
description of the clinical signs following its absorption, and (3) the
therapies aimed at counteracting its effects. The parts are not dealt
with in the same way or with the same degree of detail in each
chapter. As an example of this template, here is the discussion of
hemlock (Chapter 11):

On hemlock. Hemlock taken in a draught may cause scotomy (dizziness and
dimness of sight), possibly leading to blindness, as well as hiccups, impaired
intellectual capacity, and cold extremities. It may ultimately result in convul-
sions and suffocation due to choking.

At the beginning, we will eliminate it [5hemlock] as in any other case,
that is, by [having the patients] vomiting. Further on, using evacuation, we
will eliminate the portion [of hemlock] that has arrived into the intestines.
Then, we will use wine as the best remedy, giving it with intervals during
which we will give donkey milk or absinth with pepper and wine; castorium
and rue with wine; cardamon or storax or pepper with nettle seeds and wine;
or laurel leaves, silphium and its juice with oil and sweet wine; and also sweet
wine itself abundantly administered will help pretty much.

The plants whose harmful effects are analyzed are listed in the
table on the next page in alphabetical order according to their current
English names when available. The table provides the number of the
chapter devoted to each one in the treatise De venenis, together with its
Linnaean binomial designation.
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English

Name

Number Scientific Identification Dioscorides Notes

Buttercup 14 Ranunculus sardous
Crantz

2.175 [1, pp. 690�2]

Coriander 9 Coriandrum sativum L. 3.63 [2], pp. 39�41. The toxicity
attributed to coriander in
antiquity (that is, mind-
altering) probably results
from contamination or the
ingestion of high doses
of the plant [3]

Doruknion 6 Convolvulus oleaefolius
Desr.

4.74 [4, p. 406]

Efemeron 5 Colchicum autumnale L. 4.83 [1, pp. 693�702]

Farikon 19 N/A N/A Not identified; probably a
Solanacea.

Fleawort 10 Plantago psyllium L. 4.69 [4, p. 245]

Hemlock 11 Conium maculatum L. 4.78 [1, pp. 796�9]

Henbane 15 Hyoscyamus spp. 4.68 [1, pp. 776�83]

Honey
from
Heraklea

8 Honey from bees having
absorbed the pollen of
Rhododendrum spp.

2.82 [1, pp. 870�2]

Horned
poppy

18 Glaucium flavum L. 4.65 [4, pp. 275�6]

Mandrake 16 Mandragora autumnalis L.
orM. officinalis L.

4.75 [1, pp. 779�80]

Mushrooms 23 Multiple species 4.82 For gastroenteritis-
producing species [1, pp.
290�3]

Pine thistle 21 Atractylis gummifera L. 3.8 [1, pp. 514�16]

Poppy juice 17 Papaver somniferum L. 4.64 [4, p. 225]

Toxikon 20 N/A N/A Not identified; supposed to
be the plant whose juice was
smeared on arrows (hence its
name, as toxon means
arrow)

White
hellebore

13 Veratrum album L. 4.148 [1, pp. 815�18]

Wolfsbane 7 Aconitum napellus L. 4.77 [1, pp. 736�42]

Yew 12 Taxus baccata L. 4.79 [1, pp. 899�901]
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7.3 ANALYSIS

In antiquity, the aim of the medical specialty dealing with harmful sub-
stances (including botanicals) was to cure the victim of poisoning, be it
the result of a mistake or a criminal action. The therapeutic strategy of
the time was guided by the principle that each toxic substance has a spe-
cific, typical action. Hence, the therapy needed to counteract such action
in an equally specific way, with appropriate therapeutic means according
to a principle explicitly mentioned in the treatise ascribed to Dioscorides
(see 8.12�13). This general principle, which clearly results from a long-
term examination of the differentiated effects of the range of botanicals
above (and probably of many others, but not necessarily those leading to
life-threatening conditions), defined the therapeutic strategy of physicians
in their treatment of cases. It also defined the content and structure of the
chapters devoted to each substance and the general structure—that is, the
sequence of the chapters—of the treatise ascribed to Dioscorides and
those which followed it. In addition, it reproduced its information from
antiquity to the dawn of modern science.

With regard to the chapters devoted to each substance, each is divided
into three parts in most cases, as I have mentioned. The first two parts
(that is, the organoleptic description of the poisonous substances and the
description of their effects, possibly including some pathological mecha-
nism, supposed or real) aim to identify the poison in order to apply the
appropriate therapy. The first one relies on the assumption that the draft
through which the noxious substance has been administered is still avail-
able. The examination of the organoleptic qualities of a substance—which
includes everything but tasting it, which would harm the physician—
should lead to the substance’s identification, after which a specific therapy
can be directly administered. If the causal agent is no longer available
(which may be the case, particularly with criminal poisoning), it should be
eliminated from the body of the patient via vomiting. If this can be done
soon after the absorption of the lethal drink, the causal agent can be iden-
tified again by its organoleptic properties.

If the poisoning cup is not available or vomiting cannot be quickly
provoked, identification of the harmful substance should be made
through the disturbances that it causes to the victims. This is the ratio-
nale of the clinical description of the symptoms following the absorp-
tion of the toxins. These symptomatologies are relatively short, as they
aim to stress the major characteristics of the toxic action of each
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substance in order to reach a rapid and precise diagnosis. They clearly
rely on the repeated observation of multiple clinical cases, the recording
of all the signs following the absorption of harmful substances by
humans, and the isolation of the most common signs, further expressed
in an essential way, as an abstract concept. Such abstraction is certainly
not the result of the work of a determined individual (such as, for exam-
ple, the author of the treatise ascribed to Dioscorides). Actually, it is the
product of years, if not centuries, of observations, possibly first transmit-
ted in an unorganized way by means of oral tradition and popular
knowledge and then transferred the world of physicians and written
down, codified, and standardized into proper technical language. During
the last phase of its codification, such knowledge may have continued to
be refined, clarified, and made more accurate and complete (and, conse-
quently, also more efficient), finally taking the form that it has in the
treatise attributed to Dioscorides.

It was the role of the practitioner to interpret the symptoms of the
patient he was treating and to repeat the exercise of abstraction of his
predecessors. This was done for the purpose of extracting from an
actual case its most salient pathological signs, to compare them with
the clinical descriptions in the literature (that is, a treatise like the one
attributed to Dioscorides), and to ascertain that the case he was treat-
ing corresponded to one in the literature. On this basis, he had to
apply the therapy specifically prescribed for this case.

In this diagnostic process, physicians probably proceeded in a grad-
ual way, step by step. In the treatise On Poisons, we note that the sev-
eral harmful substances are grouped not by natural kingdom (as one
might expect), but by major categories of effects. Using the descrip-
tions from the ancient text—that is, the symptoms attributed to each
toxin, with no attempt to identify their causal mechanisms—there are
six major groups of actions. For each one, the substances that provoke
it are in parentheses, and, for each substance, the number of the chap-
ter is given in squared brackets:

• Lesions of the digestive system (doruknion [6], efemeron [5], honey
from Heraclea [8], wolfsbane [7])

• Dramatic reduction of body temperature (fleawort [10], hemlock
[11], white hellebore [13], yew [12])

• Troubles of the Mind (buttercup [14], coriander [9], henbane [15],
mandrake [16])
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• Deep sleep and loss of consciousness (horned poppy [18], poppy [17])
• Impaired mobility and paralysis (farikon [19])
• Harsh irritation of the mouth; swelling and, consequently, obstruc-

tion of the alimentary tract (mushrooms [23], pine thistle [21], toxi-
kon [20])

The first phase in the diagnostic process consisted of identifying one
of these major actions. As is shown by the chapter numbers, all sub-
stances with a similar or identical action were grouped together.

Once a major action had been identified, the physician needed to
distinguish more precisely the agent within the group. The symptoms
attributed to each substance are listed with increased differentiation,
proceeding almost by binary choices. This process can be summarized
as follows, assuming that we have a group of three substances and that
symptom A is the one that characterizes the whole group:

• If only symptom A is present, then the substance is labeled 1.
• If symptom A is accompanied by symptom B, then the substance is

labeled 2.
• If symptom B is absent, if it was replaced by symptom C, or if it is pres-

ent and accompanied by symptom C, then the substance is labeled 3.

This means that the method for the proper identification of a
specific toxin was differential, consisting of grouping together all the
substances with a similar or identical action, comparing their symp-
toms, and finally identifying exclusive symptoms, leading to a precise
identification of the poison. Therapy was administered on that basis.

As a consequence of the lack of understanding of the pathological
mechanisms, therapies were limited to treating the symptoms rather
than the causes, something that drastically reduced their efficacy in
spite of their sheer number and great variety. Nevertheless, in the case
of subacute intoxication, it is highly probable that therapies may have
compensated for the actions of the toxic agents during the crisis phase,
allowing the patients to survive.

Regarding the period when this system was created, we noticed that
it cannot be traced in any form to the vast collections of treatises
ascribed to Hippocrates, which span between the fifth century BCE and
the second century CE. It can be recognized, though only partially, in
the De materia medica of Dioscorides (first century CE), since the work,
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dealing with materia medica specifically, does not include considera-
tions of the pathologies that may have been generated by botanicals.
However, the grouping of materia medica by action (and, in our spe-
cific case, by pathological action) is present in the work. In the second
and early third centuries, this system was no longer present as such in
the treatise De venenis, as the substances were grouped by natural
kingdoms and each one is listed in alphabetical order according to the
Greek name. All the information linked with the grouping, therefore,
is lost. Nevertheless, the general principle of the system that we have
reconstructed through the pseudo-Dioscoridean De venenis (that is, the
necessity of a specific treatment based on the identification of relevant
symptoms), can be found in a scattered form in Galen’s many works.
It thus seems that the development of a toxicological method with a
theoretical system accounting for the written works that have come to
us dates back to the first century CE, and probably somewhat earlier,
because the achievements of the first century CE may have caused the
disappearances of their predecessors.

Extant documentation includes fragments or traces of works on toxi-
cological matters by physicians of the Alexandrian school during the third
century BCE. Nevertheless, judging from the scanty remains, such works
seem to have been limited to anatomo-pathological analysis, rather than
to a theorization about a body of facts observed by experience.
Furthermore, during the second century BCE, the work of Nicander,
though it demonstrates good knowledge of the activity of poisons, neither
includes a classification nor, on this basis, elements of differential diagno-
sis as in the pseudo-Dioscoridean treatise De venenis. It is reasonable to
speculate that the system of toxicology presented above and defined here
as classical toxicology dates back to the period between the fading of the
medical school of Alexandria and the zenith of Greek medicine in the first
century of the Roman Empire�that is to say, between the first century
BCE and the end of the first century CE.

7.4 CONCLUSION

The system that we describe here is not explicitly presented in the
pseudo-Dioscoridean treatise De venenis or in any of its subsequent
heirs. Nevertheless, both the grouping of the substances and the pre-
sentation of the symptoms of each substance within the groups are
clear enough to allow such a reconstruction. Although the pathological
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mechanisms generating the effects taken into consideration in order to
identify the causal agents were not perceived, the system was effi-
cient—at least for the identification of harmful botanicals, if not for
the treatment of the effects following their absorption by humans. This
probably accounts for the exceptional fortuna of the body of knowl-
edge created in antiquity.
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CHAPTER 88
The Case Against Socrates and His Execution

Okan Arihan, Seda Karaoz Arihan and Alain Touwaide

8.1 INTRODUCTION

The Greek philosopher Socrates (469�399 BC) is famous in the history
of Western thinking for constantly asking questions and pressing his
interlocutors in inquisitive dialogues that were immortalized by his dis-
ciple Plato (428/7�348/7 BC). In 399 BC, he was sentenced to death by
the senate of Athens because he supposedly corrupted the Athenian
youth and did not respect the gods.

According to historiographical tradition, Socrates was given a poi-
sonous draught whose ingredients have been discussed by modern
authors. Whereas it has been traditionally considered to be hemlock,
some thought it was hemlock and opium, and others believed it to
have been other ingredients.

Hemlock (kôneion in ancient Greek) is now identified as Conium
maculatum L. It is among the most toxic plants of the Apiaceae family and
is commonly found in the flora of the Mediterranean region and Greece [1].
Although its toxicity had been known since antiquity, it was not studied
scientifically until 1760, when it was discussed by the Austrian physician
Anton von Stoerck (1731�1803). His [2] work on the subject was first
published in Latin under the title Libellus, quo demonstratur: cicutam non
solum usu interno tutissime exhiberi, sed et esse simul remedium valde utile in
multis morbis, qui hucusque curatu impossibiles dicebantur and translated the
same year into English as An essay on the medicinal nature of hemlock: in
which its extraordinary virtue and efficacy, as well internally as externally
used, in the cure of cancers. . . are demonstrated.

The main biologically active component of hemlock is the alkaloid
coniine, which was isolated in 1827 by the German chemist August Louis
Giseke [3]. Its structure was later clarified by August Wilhelm Hoffmann
(1818�1892) [4]. Hemlock has frequently been cited in literature on
poisonings since antiquity; studies of the bioactivity and pharmacological
properties of coniine were initiated as early as 1898 [5].
History of Toxicology and Environmental Health. DOI: http://dx.doi.org/10.1016/B978-0-12-800045-8.00009-5
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The mechanism of the action of coniine was clarified more recently.
Its action on the nervous system is by the nicotinic acetylcholine recep-
tors [6]. It stimulates the ganglions, and this stimulation is followed by
a ganglionic blockade; finally, asphyxia occurs after the blockage of
the phrenic nerves, which are responsible for breathing [7].

Coniine was once a popular molecule in medical research. However,
the antinociceptive properties of coniine were not studied until 2009 [8].

8.2 HISTORICAL LITERATURE

Although much literature has been devoted to Socrates’ last days, the
textual evidence brought to light so far has been scanty.

To compensate for this lacuna, we have identified the following
texts as sources of primary information for the analysis of Socrates’
death (we list them in alphabetical order according to each ancient
author’s name):

• Aelian (second/third century AD) [9], author of the vast collection of
data on animals entitled Natura animalium (On the characteristics of
animals) [10].

• Andocides (440�after 392/1 BC) [11], Attic orator, author of dis-
courses including On the peace with Sparta [12].

• Aristophanes (d. in the 380s BC) [13], author of comedies, among
which the Ranae (Frogs) [14].

• The so-called Corpus Hippocraticum [15], that is, a series of 601 trea-
tises produced between the late fifth century BC and the second century
AD and attributed to Hippocrates (460�between 375 and 351 BC) [16].

• Diodorus of Sicily (first century BC) [17], a historian who wrote a
Bibliothêkê (Library) in 40 books covering the whole history of the
world from its beginning up to the middle of the first century BC [18].

• Diogenes Laertius (mid-third century AD) [19] composed a series of
biographies of philosophers (Vitae philosophorum—Lives of the
Philosophers), including Socrates [20].

• Dioscorides (first century AD) [21], compiler of De materia medica,
the largest encyclopedia of antiquity on the natural substances
(of plant, animal, and mineral origin) used for the preparation of
medicines [22,23].
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• The treatise On poison attributed to Dioscorides [24], although
probably not written by him, and added to De materia medica
at a certain point in time, at any rate before the ninth century
AD [25,26].

• Galen of Pergamum (AD 129�after 216 [?]) [27] abundantly wrote
on all medical topics. Of interest here are three of his treatises:
• De simplicium medicamentorum temperamentis ac facultatibus

(On the mixtures and properties of simple medicines) [28]
• De morborum causis (On the causes of diseases) [29,30]
• De alimentorum facultatibus (On the properties of food) [29,30]

• Nicander of Colophon (third/second century BC) [31], author of the
most ancient Greek works currently known on poisons and venoms
[32].

• Plato (428/7�348/7 BC) [33], the disciple of Socrates and the author
of several philosophical dialogues, among which Euthyphron, Crito,
and Phaedo are of particular interest here [34,35].

• Pliny (AD 23/4�79) [36], a contemporary of Dioscorides (above) and
the author of the Historia Naturalis (Natural History), which is an
all-encompassing encyclopedia of the natural historical knowledge of
his time [37].

• Plutarch of Chaeronea (ca. AD 45 and before AD 125) [38]. A prolific
writer, he compiled a set of biographies in which he compared
Greeks and Romans who had an important role in history, the
so-called Vitae parallelae (Parallel Lives) [39].

• Seneca (d. AD 65) [40], a Roman philosopher who wrote a series of
moral essays (Moralia) on different topics such as De providentia
[41] and exchanging Letters (Epistulae) with his friend Lucilius in
which he discussed all manners of moral topics [42].

• Theophrastus (371/0�287/6 BC), a disciple of Aristotle (384�322 BC)
[43] and the author of Historia plantarum (Inquiry into Plants) [44],
considered to be the foundational work of botany.

• Xenophon of Athens (ca. 430�354 BC) [45], the author, among
others, of the Hellenica (or Greek History) [46].

On the basis of these sources, we have collected the following data:

a. We have one main account of Socrates’ death by a contemporary,
based on a personal autoptic participation in the event, in the
Phaedo (117a�118) by Plato.

71The Case Against Socrates and His Execution



b. The term used by Plato to identify the substance absorbed by
Socrates is generic: poison (farmakon in ancient Greek). This is also
the case in Seneca’s Letter to Lucilius (Letter 104: venenum). In his
essay On Providence, Seneca uses the generic term potio (draught)
(3.12), which does not contain any notion of toxicity. Nevertheless,
Diodorus of Sicily and Diogenes Laertius both explicitly mention
hemlock (kôneion in classical Greek) (Diodorus, 14.37.7; Diogenes,
2.5 [5Life of Socrates], y35).

c. Passages in ancient nonscientific literature confirm that hemlock
was used in Athens as a lethal agent during Socrates’ lifetime and
in the following century (passages below are listed in the chrono-
logical order of the cases they report):
• 405 BC: Aristophanes, in the Frogs, mentions hemlock as the

quickest way to commit suicide (124). Also, he says that many
ladies took hemlock because they could not stand “the shame
and sin” of certain situations (1051).

• 404 BC: Xenophon, in the Greek History, 2.3.56, reports a death
due to hemlock.

• 404/3 BC: Andocides, in On the peace with Sparta, 20, mentions
that, during the oligarchy of the Thirty (that is, during the year
404/3 BC), “many citizens [died] by the hemlock-cup.”

• Between 399 and 387: Plato mentions hemlock in Lysis (219e), in
the scene where he discusses a son and his father, with the son
having drunk hemlock and the father doing all he can to save
him. This dialogue was written after Socrates’ death (399) and
before Plato’s first trip to Sicily in 387 BC.

• 318 BC: Diodorus of Sicily (18.64�67) and Plutarch (Life of
Phocion 31�37) reports that the Athenian orator, politician,
and general Phocion (402/1�318 BC) was sentenced to death and
forced to ingest hemlock.

d. The action of the poison ingested by Socrates is described as follows
by Plato (Phaedo 117b�e):

the man . . . was to administer the poison, which he brought with him in a
cup ready for use. And when Socrates saw him, he said: “Well, my good man,
you know about these things: what must I do?” “Nothing,” he replied, “except
drink the poison and walk about till your legs feel heavy and the poison will
take effect of itself.” . . . He walked about and, when he said his legs
were heavy, lay down on his back, for such was the advice of the attendant.
The man who had administered the poison laid his hands on him and after a
while examined his feet and legs, then pinched his foot hard and asked if he felt it.
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He said “No”; Then after that, his thighs; and passing upwards in this way he
showed us that he was cold and rigid. And again he touched him and said that
when it reached his heart, he would be gone. The chill had now reached the
region about the groin, and uncovering his face, which had been covered, he
said—and these were his last words—“Crito, we owe a cock to Aesculapius. Pay it
and do not neglect it.” “That,” said Crito, “shall be done; but see if you have any-
thing else to say.” To this question he made no reply, but after awhile he moved;
the attendant uncovered him; his eyes were fixed.

8.3 HEMLOCK IN ANCIENT SCIENTIFIC LITERATURE

Botanical information on hemlock can be found in the following works
(in chronological order; to find relevant information we needed to expand
the chronological frame, using works posterior to Socrates’ time);

• Theophrastus, Inquiry into plants
• Dioscorides, De materia medica
• Pliny, Natural History

In this body of literature, hemlock is described as follows:

• Theophrastus, Inquiry into plants:
• “Next of the woods themselves and of stems generally some are

fleshy, as in. . . hemlock. . .” (1.5.3).
• “Of the others some to a certain extent resemble ferula, that is, in

having a hollow stem; for instance. . . hemlock. . .” (6.29).
• “Mountain-celery (parsley) exhibits even greater differences; its

leaf is like that of hemlock. . .” (7.6.4).
• “Hemlock is best about Susa and in the coldest spots. Most of

these plants (that is, the medicinal plants) occur also in Laconia,
for this too is a land rich in medicinal plants” (9.15.8).

• Dioscorides, De materia medica, 4.78. The text reads as follows:
• “Hemlock: it sends up a large stem, knotty like fennel, leaves look

like those of giant fennel, but narrower and oppressive in scent; at the
top it has side-shoots and umbels of whitish flowers; it has seeds like
of anise but whiter, and a root that is hollow and not deep.”

• Pliny, Natural History:
• “. . . the stem is smooth, and jointed like a reed, of a dark colour,

often more than two cubits high, and branchy at the top; the
leaves resemble those of coriander, but are more tender, and of a
strong smell; the seed is coarser than that of anise, the root
hollow and of no use. . .” (25.151).
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Extant medico-pharmaceutical literature contemporary to Socrates
does not contain much relevant information on the action of hemlock
on human physiology. Consequently, we expanded the chronological
frame by including in our inquiry works of subsequent periods up to
the second and early third century AD. Relevant data are the following
(in chronological order of the works):

• The Corpus Hippocraticum:
• The fruit of hemlock is ground with wine for a plaster to treat

fistulae (6.458.16).
• Hemlock is administered as a draught with water as an emmena-

gogue after childbirth (7.356.13).
• Administration of a mixture of sulfur, asphalt, hemlock, or myrrh

with honey as an anal injection to treat hysteria (8.278.9).
• Fumigation with hemlock, or myrrh or incense, together with

perfume, to treat red discharges (8.378.10).
• Application of a mixture made of nightshade and hemlock

previously boiled together to treat red discharges (8.380.11).
• Fumigation with hemlock leaves to treat a female sterility

(8.432.18).
• Theophrastus, Inquiry into plants:

• “. . . in hemlock the juice is stronger and it causes an easier and
speedier death even when administered in a quite small pill; and
it is also more effective. . .” (9.8.3).

• Nicander, Alexipharmaka:
• “Take note too of the noxious draught which is hemlock, for this

drink assuredly looses disaster upon the head bringing the
darkness of night: the eyes roll, and men roam the streets with
tottering steps and crawling upon their hands; a terrible choking
blocks the lower throat and the narrow passage of the windpipe;
the extremities grow cold; and in the limbs the stout arteries are
contracted; for a short while the victim draws breath like one
swooning, and his spirit beholds Hades.” (186�194).

• Dioscorides, De materia medica:
• “This one, too, belongs to the plants that are deadly, killing by

chilling through and through.” (4.78).
• Pliny, Natural History:

• “Hemlock too is poisonous, a plant with a bad name because the
Athenians made it their instrument of capital punishment, but its
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uses for many purposes must not be passed by. It has a poisonous
seed, but the stem is eaten by many both as a salad and when
cooked in a saucepan. . . . The seed and leaves have chilling qual-
ity, and it is this that causes death; the body begins to grow cold
at the extremities. . .” (25.150).

• Seneca, On Providence:
• “. . . his blood grew cold, and, as the chill spread, gradually

beating of his pulses stopped. . .” (3.12).
• Galen:

• On the mixtures and properties of simple medicines:
• “Everybody knows that hemlock is of the outmost cooling

property.” (7.10.67).
• On the causes of diseases:

• “Among the cooling drugs are. . . hemlock, the last of which
is lethal because of its violent chilling action. We designate
the blockage as the third and worst cause of cooling
diseases, since it engenders torpor, lethargy and apoplexy.”
(7.13.17-14.6).

• Aelian, On the characteristics of animals:
• “. . . if a man drinks hemlock, he dies from the congealing and

chilling of his blood. . .” (4.23).
• Pseudo-Dioscorides, On poisons:

• “In a draught, hemlock provokes a loss of vision at such point to
be blind, gasping, a loss of consciousness and cold in the extremi-
ties; at the end, the victims gasp as they are asphyxied because
breath stops.” (11).

Representations of hemlock can be found in several Byzantine
manuscripts containing the Greek text of Dioscorides, De materia
medica. We have considered only the most ancient ones (cited below in
chronological order), since the most recent are copies of one or another
of them:

• Vienna, National Library of Austria, medicus graecus 1 (sixth cent.),
f. 187 verso.

• Paris, National Library of France, graecus 2179 (ninth cent.), f. 106
recto.

• New York, Pierpont Morgan Library, M 652 (tenth cent.), 76 recto.
• Mt Athos, Megistis Lavras, Ω 75 (11th cent.), f. 61 recto.

75The Case Against Socrates and His Execution



No particularly significant information on hemlock and its uses was
found in nontechnical literature beyond those mentioned above, under
1. c), apart from the belief that some animal species were immune to
the effect of hemlock:

• Starlings, according to Galen (On properties of food 6.567.14)
• Swans, according to Aelian (3.7)
• Hogs, according to the same (4.23)

A particular point is the question of the preparation of hemlock for
its medicinal use, on which we have some information coming from
technical and nontechnical literature (in chronological order according
to author).

• Theophrastus, in the Inquiry into Plants (9.16.8�9), details the way
hemlock has to be prepared to be used as a lethal agent:

“Thrasyas of Mantinea has discovered, as he said, a poison which
produces an easy and painless end; he used the juices of hemlock,
poppy, and other such herbs, so compounded as to make a dose
of conveniently small size. . . he used to gather his hemlock, not
just anywhere, but at Susa or some other cold and shady spot. . .
he also used to compound many other poisons, using many
ingredients. . . the people of Kos formerly did not use hemlock in
the way described, but just shredded it up for use, as did other
people; but now they first strip off the outside and take off the
husk, since this is what causes the difficulty, as it is not easily
assimilated; they then bruise it in the mortar, and, after putting it
through a fine sieve, sprinkle it on water and so drink it; and then
death is made swift and easy.”

• Seneca, in his essay On Providence (3.12), specified that the draught
taken by Socrates had been mixed publicly (publice mixtam), a piece
of information implying that there were several ingredients.
However, he did not detail the ingredients.

• In the Life of Phocio by Plutarch, we read the following (36.2):
• “. . . seeing the executioner bruising the hemlock. . .”

The plant identified in ancient Greek by means of the word kôneion is
unanimously identified by the post-Linnean authors of botanico-historical
works as Conium maculatum L. from the Florae Graecae Prodromus
(1806�1813) by the Englishman John Sibthorp (1756�1798) [47] to,
recently, Suzanne Amigues [48].
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The post-Linnean flora of Greece confirm that hemlock (5Conium
maculatum L.) is present in the area corresponding to modern Greece.
According to Sibthorp, in the Florae Graecae Prodromus (1806�1813) [47],
it was common in the area of Athens. According to Edmond Boissier
(1872), author of a Flora orientalis, it can be found in all of Europe except
Lapponia, North Africa, Abyssinia, and Syria. According to his
Conspectus Florae Graecae, de Halacsy found it in 1901 [49] in Attica and
the region of Athens. Boissier, in the Supplementum of his Flora published
in 1908, added the Attica [50]. More recently, Hegi described it in the Flora
of Mittel-Europa as omnipresent in Europe, Asia, and North Africa, while
the Flora Europaea [51] describes it as typical of almost all Europe except
the extreme north [52].

A comparison of ancient textual data, representations in manu-
scripts, dry specimens from herbaria, and descriptions in modern flora
confirms the following:

• The ancient Greek word kôneion corresponds to the taxon currently
identified as Conium maculatum L.

• The plant grows in the area that comprised the ancient Greek world
and probably grew there in antiquity.

In modern literature, the most relevant analysis from our viewpoint
here is provided by the German toxicologist Louis Lewin (1850�1929)
[53]. Capitalizing on the work of his predecessors, he listed and
paraphrased in his magisterial work Die Gifte in der Weltgeschichte
(Poisons in World History) (1920) the several historical cases of death
provoked by means of hemlock in ancient Greece, specifically in
Athens. After he commented on Theophrastus’ passage, cited above,
about the mixtures prepared by Thrasyas of Mantinea, he stressed
that, in Athens, hemlock only was used (without, thus, the addition of
any other substance, toxic or not).

8.4 MODERN PHARMACOLOGICAL ANALYSIS

The silent and peaceful death of Socrates raises the question of
whether hemlock has an analgesic effect. Until 2009, no information
was available in the scientific literature. In 2009, Dayan [54] stated
that “nociceptive responses were not affected” by poison hemlock.
A pharmacological study conducted by Arihan et al. contradicted this
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statement [8], and proved 2000 years later that Galen’s affirmation was
pharmacologically sound. In this study, authors found that coniine, the
active molecule of poison hemlock, shows analgesic activity at doses of
10 mg/kg and more prominently at 20 mg/kg in two well-established
tests, namely the hotplate and writhing tests. Beyond this dose, lethal-
ity was observed. Additional information about potentiation was also
presented in this publication, as morphine and coniine potentiate their
analgesic activity when administered together [8].

8.5 TOWARD A RENEWED INTERPRETATION

On the basis of unanimous ancient documentation (be it related to
Socrates’ death or not, and be it technical or literary), Conium macula-
tum L. was known in antiquity. All sources provide clear evidence,
though scant and fragmentary, of the use of Conium maculatum L. as
an agent for the execution of humans condemned to death. The plant
is considered to have a cooling property (just like sleep and death,
which are characterized by a reduction of or the loss of the active prin-
ciple of life). The symptoms of the internal absorption of kôneion are
precisely described as a gradual loss of sensory perception with increas-
ing asphyxia, gasping, loss of consciousness, and, finally, respiratory
arrest.

The clinical signs in the report of Socrates’ death in Plato’s Phaedo
indicate a paralysis proceeding from the feet to the abdomen and then
through the chest. Death was caused by the cessation of respiration
due to the paralysis of the diaphragm muscles.

It has to be noted that none of the signs considered to be typical of
the absorption of opium in ancient medical and toxicological literature
appears in the clinical description of the death of Socrates by Plato or
in the works of the other individuals whom we have mentioned. This
confirms the findings of the ancient texts, in which no mention of
opium is made, as Lewin already noticed.

Some elements of the description of death by absorption of hemlock
(be it the death of Socrates or of other individuals) require further con-
sideration, principally the repeated mention in the texts above (particu-
larly those of Seneca, Galen, and Aelian) of a cold gradually spreading
through the body, and rigidity. These phenomena suggest a loss of
peripheral sensation in the lower extremities [54], since Socrates could
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not feel the mechanical stimulus by the man who gave the poison.
Cold should probably be interpreted on the basis of subsequent litera-
ture as a loss of painful stimulus, that is, analgesic activity.

However, some symptoms typical of the ingestion of hemlock
(vomiting, dizziness, or loss of cognitive functions) do not appear,
either in Plato’s report [54] or in some of the other cases. The fact that
Socrates covered his face with a sheet and no longer communicated
with his pupils could explain why such typical symptoms were not
mentioned: most of these symptoms (particularly dizziness and loss of
cognitive functions) would not have been visible and thus would not
have been noticed by Socrates’ pupils, who were gathered around him.
On the other hand, these symptoms (except vomiting) are clearly men-
tioned in Nicander’s Alexipharmaca and in the treatise On poison
ascribed to Dioscorides.

The study by Arihan et al. constitutes the first assessment of the
analgesic activity of coniine on organisms. The analgesic activity of
coniine was significant in doses close to lethal, and it may have been
supplemented by a strong analgesic agent such as morphine in the case
of the mixture prepared by Thrasyas of Mantinea and reported by
Theophrastus.

The pharmacological assessment of the activity of coniine and
opium suggests different analgesic mechanisms. Morphine is an agonist
for central opiate receptors for analgesic activity, whereas coniine
stimulates the nicotinic receptors [7,55]. Analgesic activity was possibly
enhanced due to their different modes of action. Theoretically, coniine
and opium combine well for a painless execution, as Thrasyas of
Mantinea probably already understood in the fourth century BC.

8.6 CONCLUSION

According to our results, the report of Socrates’ death made by Plato
seems realistic. Since coniine exerts antinociception more strongly at
doses close to lethal, Socrates probably felt no pain after he ingested
the poisonous mixture made of hemlock. In addition, the statement
by Theophrastus about hemlock and opium as ingredients of a toxic
potion composed by Thrasyas of Mantinea may also be true, since
these two agents complement each other in antinociception.
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CHAPTER 99
The Oracle at Delphi: The Pythia and the
Pneuma, Intoxicating Gas Finds, and
Hypotheses

Jelle Zeilinga de Boer

Delphi’s sanctuary lies cradled on the southern flank of Mount Parnassus
and overlooks the Pleistos river valley. Archeological remains suggest
that the oracular site dates back to the Mycenaean period when Gaia
(Mother Earth) was worshipped. By the eighth century BCE the cult of
Apollo (god of prophesy) had been established and Delphi developed into
a Panhellenic cradle of religion that also regulated politics, relationships
between city states, and public and private affairs. Its zenith, when pil-
grims from across the Mediterranean world came for advice, lasted more
than a thousand years, from ca. 700 BCE until 361 CE when Oribasius, sent
to Delphi by Emperor Julian, reported that the well-built hall had fallen
and the speaking waters were stilled. A few years later Eunapius wrote,
“To all intelligent men the end of the temples. . . was painful indeed” [1].

Ancient literary texts with information about the oracle’s workings
include testimonies by a philosopher (Plato), historians (Diodorus and
Pliny), poets (Aeschylus and Cicero), geographers (Pausanias and
Strabo), and the famous essayist/biographer Plutarch, who served as
high priest at Delphi. Strabo (64 BCE�25 CE) contributes:

They say that the seat of the oracle is a cave that is hollowed out deep down
in the earth, with a rather narrow mouth, from which rises a pneuma (gas,
vapor or breath) that inspires a divine frenzy; and that over the cleft is placed
a high tripod, mounting which the Pythian priestess receives the pneuma and
then utters oracles in both verse and prose [2].

Plutarch (46�120 CE) left several accounts of the activities at the
oracle and describes the relationship between Apollo and the Pythia as
that of a musician and his instrument. He tells us that the pneuma was
emitted “as from a spring” in the adyton (reserved and restricted inner
sanctum) and scented like sweet perfume. Priests and consultants could
on some occasions detect the aroma of the pneuma in the antechamber
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where they waited for the Pythia’s responses. Plutarch mentions that
during his tenure, emissions had become weaker and more irregular.
He suggests that either the vital essence had run out or that heavy
rains in the mountains had diluted it. Earthquakes, he proposes, might
have partially blocked the mouth of the cave, thus causing reduced
flow. His hypotheses indicate a remarkable understanding of the
hydrology and geology of the area! [3]

John Collier, Britain, 1850�1934, (Priestess of Delphi, 1891, London, oil on canvas, 160.03 80.0 cm, Gift of the
Rt. Honourable, the Earl of Kintore 1893, Art Gallery of South Australia, Adelaide)
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Pausanias (ca. 110�180 CE) writes about seeing a spring (the
Kerna?) emerge on the slope above the temple and had heard that it
plunged underground and emerged in the adyton, “where its waters
made the priestesses prophetic” [4].

Oracular sessions were held on Apollo’s Day, the seventh day after
each full moon in spring, summer, and fall. The oracle did not operate
in the winter months. Pilgrims would travel for weeks, mostly by boat,
disembark at Kirrha, and climb the steep path to the oracle. Once
there, they had to participate in several ritual procedures and wait their
turn. If they missed sessions, or were passed over by more important
patrons, they had to wait a full month or longer. During that time
they could, and no doubt did, exchange information on the socioeco-
nomic and political conditions in their kingdoms, cities, or towns. This
was valuable material for the priests, who became well aware of the
goings-on in their Mediterranean world. One wonders whether such
intelligence may have colored their interpretations of the Pythia’s
responses during mantic services.

The Pythias were women from the village selected by the priest-
hood of the temple. Early in the morning on Apollo’s Day, priests
would lead the chosen priestess, who had been fasting for days,
from her secluded home to the Kastalia spring. After purification,
she would slowly and ceremoniously ascend the Sacred Way to the
temple. Before entering she was offered a cup of holy water,
obtained at the prophetic spring. After a few more ceremonies she
would enter the temple and descend into its cella where the small
adyton was located. After being seated on the tripod and given a
few minutes to inhale the pneuma, the Pythia would go into a trance
and the head priest would relay questions submitted by the visitors,
who remained in a separate antechamber. During her trance, the
Pythia spoke in altered voice and at times chanted her responses, on
occasion indulging in wordplay, which the priests would decipher
for the enquirer(s) to interpret.

Reconstructions of the adyton by Courby and Amandry suggest an
asymmetric structure, vis-à-vis that of the temple that occupied a small
space in the cella against its southeastern wall, below the site where the
sixth column of the internal colonnade is believed to have been pur-
posefully omitted during (re)construction in the fourth century BCE.
The adyton was presumably covered by a low ceiling and measured
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about 2.90 m3 5.60 m. Inside stood a tripod and a beehive-shaped
omphalos (the umbilicus of the earth) [5].

Since the volume of the pneuma that rose into the adyton presum-
ably was small, there must have been a device that allowed for it to be
concentrated. In September 1913, in the late stages of the long excava-
tion process, a small omphalos-shaped relic appeared mysteriously
inside the temple. French archeologists dismissed it as a modern base
for a cross of the type commonly found on Christian shrines that had
somehow slid inside the cella. Others, including Holland and the
author, believe it to be genuine. This relic (28.7 cm high) is similar in
shape and size to omphaloi depicted on bas-reliefs, coins, and ceramic
wares from both the Classical and Hellenistic periods. It contains a
square hole (3 cm3 4 cm wide) carved from top to bottom, widening
downwards. Holland proposes that this funnel served to convey the
inspiring fumes to the Pythia. In the month between successive mantic
sessions, a simple cork would have allowed for as much as 300 mL of
gas to accumulate inside this conduit and much more in the space
carved out of its foot block [6].

The design of the Apollo temple is unique in all of Greece. First of
all, it was constructed on a slope with abundant evidence for instability
as the result of rock falls and landslides. Second, unlike most Greek
temples, Apollo’s realm had a recessed earthen cella. And third, a
spring emerged inside as testified by the presence of thick travertine
crusts and construction of a drainage tunnel leading through the south-
eastern retaining wall to the Fountain of the Muses. Clearly its design
was based on a special need: the protection of a holy spring.

The orientation and setting of the temple has to do with the pres-
ence of a major, active fault, which is part of the many fractures that
developed along the northern flank of the Corinth rift zone that cuts
an east�west swath through central Greece. It is one of the most
seismically active and rapidly extending areas in the world. Tectonic
slip planes of the Delphi fault are exposed both east and west of the
oracle site and their connection indicates that it passes at depth below
the temple. With a tectonic recurrence periodicity of several centuries,
segments of the crustal block south of this fault have slipped down
a few meters at a time, causing earthquakes. Evidence of at least
three historic ruptures can be recognized on the exposed fault planes.
They might be related to destructive seismic events that occurred in the
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sixth century BCE (leading to construction of the Cyclopean wall), in
373 BCE, and in 83 BCE.

The Delphi fault intersects the Parnassus�Ghiona tectonic unit of
the Hellinides, a massive complex of westward-thrusting limestone/
dolomite slabs of the Cretaceous and Paleogene ages. The former were
deposited in a shallow subtropical ocean and contain strata enriched in
bituminous matter. In addition to this major east�west fault, swarms
of older northwest- and northeast-trending fractures cut through the
area. Groundwater rising along a concave segment of the Delphi fault
emerges at the Kerna spring and continues downslope inside the
northwest-trending Kerna fracture zone. Its presence inside the sanctu-
ary is clearly shown by the linear arrangement of four extinct springs
with travertine crusts.

In the late 1990s, an American team composed of a geologist
(author), archeologist (Hale), and geochemist (Chanton) carried out an
interdisciplinary study of the oracle site and Delphi region. The study
included detailed analyses of the fault/fracture systems and the chemis-
try of the groundwater and travertine deposits. Sampling included
travertine from inside the temple and thick crusts that had adhered
onto the massive Ischegaon wall constructed after an earlier temple
crumbled during the 373 BCE seismic events. These samples were found
to contain small quantities of both methane and ethane. The highest
concentrations were encountered in samples collected inside and near
the southeastern wall of the temple. Commonly only very small
volumes of gas are captured inside porous travertine deposits around
active springs. The presence of hydrocarbon gases in the old crusts,
however small, therefore indicates that significant volumes surfaced
when this rock was formed [7].

Both ethane and methane were also encountered in water from the
Kerna spring, as expected, in larger volumes. The Kerna water further-
more included trace amounts (7 nL/L) of ethylene. These discoveries
led the researchers to conclude that hydrocarbon gases had emerged
with groundwater in the adyton and that the gases likely represented
the intoxicating vapors mentioned by the ancient sources [8].

The volume of water and gases that commonly surfaces along active
faults varies significantly as a function of fault topography and recur-
ring local as well as regional seismicity in the Gulf of Corinth rift
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zone. Brecciation during rupture and/or strong shaking opens fault
zones and frequently increases their permeability. In March 1981, the
author observed a major upwelling of gas in the Gulf of Alkyonides
following rupture and seismic aftershock activity along a fault similar
to the one at Delphi. Over time, newly opened spaces are slowly
choked by the formation of calcareous crusts, which reduce or can
even stop groundwater flow until seismic reactivation occurs. The
present-day reduced flow of the Kerna spring is probably related to
additional problems. Widespread deforestation and drainage of a large
wetland on the southern flank of Mount Parnassus increased regional
runoff and reduced groundwater penetration into bedrock.

In 2006, an Italian�Greek team of scientists (Etiope, Papatheodorou,
Christodoulou, Geraga, and Favali) reappraised the natural gas occur-
rences at the oracle site. Their surveys included gas fluxes from soils,
gas in groundwater, and isotopic analyses of the travertine deposits.
They confirmed the earlier discovery of the hydrocarbon gases and
concluded that methane, ethane, and carbon dioxide had been released
from a thermogenic (catagenic) hydrocarbon source at depth, most
likely bituminous enriched strata in the limestone complex. They
found the highest methane flux in soils around the Kerna spring
(145 mg/m2 d). The soils in the temple cella contained 65 mg/m2 d.
Kerna spring water yielded concentrations of 73.2 nmol/L methane
and 2.2 nmol/L ethane. They found that the travertine crusts near the
Kerna spring were formed mainly by oxidation of hydrocarbons to
carbon dioxide, a process that also greatly facilitated the formation of
thick travertine crusts elsewhere in the sanctuary.

The Italian�Greek team thus confirmed the surfacing of light
hydrocarbon gases but did not believe that sufficient ethylene for
inducing trancelike states in Pythias could have been produced in the
deep carbonate rocks below Delphi, since that specific environment is
not prone to biogenic production of ethylene. However, an abiogenic
transformation of ethane to ethylene under thermal conditions
generated by frictional heating in the fault zone during seismic rupture
cannot be excluded. The team posited that the gas-linked neurotoxic
effects could have resulted from oxygen depletion due to carbon
dioxide/methane inhalation in the enclosed and nonventilated adyton.
They also proposed that benzene, an aromatic hydrocarbon commonly
dissolved in groundwater springs, might have been the culprit.
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Short-term exposure to benzene, however, leads to shortness of breath,
diminished mental alertness, and impaired vision. It also causes emo-
tional instability. No such effects are reported to have commonly
occurred in Delphi’s long history [9].

During his long tenure at Delphi, Plutarch described only one
instance in which a Pythia was not responding properly. He wrote,
“She was like a laboring ship and was filled with a mighty and baleful
spirit. Finally she became hysterical and with a frightful shriek rushed
toward the exit” [10].

Scientists working at substance abuse centers have reported that all
three gases—ethylene, ethane, and methane—can potentially produce
an altered mental state. In present-day inhalant abuse, light hydrocar-
bon gases, due to their intoxicating properties, remain the primary
sought-after substances. Ethylene, an aliphatic hydrocarbon gas with a
sweet odor, is the most likely candidate for inducing a trance. A major
advantage of ethylene is its lack of respiratory and cardiovascular
depressing effects. Ethane would be nearly as potent. A mixture of the
two would produce a significant altered state [11].

Ancient accounts have provided relatively clear descriptions of the
Pythia in trance, namely that of a woman who willingly entered the
adyton, remained conscious, and was able to respond to questions with
visions described in tones and patterns of altered speech. Recovery was
said to be rapid, and other than an out-of-body experience—the feeling
of being possessed by the god Apollo—the Pythia would not remember
events that had occurred while in trance. These effects are similar to
those described by twentieth- and twenty-first-century toxicologists for
patients under mild ethylene-induced anesthesia and thus add another
level of congruency to reconcile contemporary science with classical
wisdom concerning the Pythia and the pneuma [12].

When French archeologists began to excavate ancient Delphi in the
1890s, they first had to remove the modern settlement of Kastri, which
had been built on top of the ruins. After exhaustive labor they
unearthed the temple foundations but did not find a clear trace of the
adyton. Furthermore, finding no evidence for a cave—and detecting no
gases—they concluded that the ancient references must be erroneous.
Unfortunately, their assumptions invaded principal textbooks, such as
those by Parke and Fontenrose, and became dogmatic among scholars
for much of the twentieth century [13].
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In 2007, classicists Foster and Lehoux published a criticism of the
Delphic ethylene intoxication hypothesis and concluded that the
Pythias’ behavior could not be accounted for by ethylene intoxication,
because insufficient volumes rose into the adyton. No substantiation
for this statement, other than referring to the hypothesis of Ethiope
and colleagues, was provided. Continuing in its century-old vein, their
criticism no longer centers on the possibility of vapors having risen in
the inner sanctum, but on their volume: “'Oσo πιo πoλ �υ αλλ �αζoυν τα
πρ �αγματα, τ �oσo παραμ�ενoυν �ιδια!” (The more things change, the
more they stay the same!) [14].

The ancient belief in intoxicating gaseous emissions at the site of
the Delphi oracle is not a myth. An unusual, but by no means unique,
combination of faults, bituminous limestone, and rising groundwater
worked together to bring volatile hydrocarbon gases to the adyton.
Contemporary geologic research has thus reaffirmed many if not most
aspects of the ancient sources.
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CHAPTER 1010
The Ancient Gates to Hell and Their Relevance
to Geogenic CO2

Hardy Pfanz, Galip Yüce, Francesco D’Andria, Walter D’Alessandro,
Benny Pfanz, Yiannis Manetas and George Papatheodorou

10.1 INTRODUCTION

In Greek mythology, the world is divided into three realms. Zeus rules
heaven, Poseidon the sea, and Pluto the shadows of the underworld. Since
time immemorial, the living world was separated from the world of death,
shadows, and souls. The underworld (hell, the netherworld, or Hades)
was located either in remote astronomic regions or hidden somewhere in
the underground. Those who had received proper burial rites were
allowed to enter. This means that for those who have passed away, there
must be a proper way to get there. In Greek mythology, the dead had to
cross a certain river(s)—Acheron, Cocytus, Lethe, Styx, or Phlegeton.

Within the everlasting darkness there were many chthonian divinities,
gods and goddesses considered the rulers of the underworld in classical
mythology: the king of the netherworld was Pluto (note that there are
various ways of spelling this name), Hades ('Aδης, Haides, Aides, 'Aιδης),
Aidoneus, Klymenos, Clymenus, Dis Pater, Orcus, and the goddesses
Persephone, also known as Kore or Proserpina. Hades is the Lord of the
Shadows, the King of the netherworld, the god of the lower world, and
the sender of death to the mortals. Hades is also the god of funeral rites.
He is mostly seen with his three-headed hellhound Kerberos (Latin:
Cerberus). In the little book on images of the gods it is said that “. . .homo
terribilis in solio sulphureo sedens, sceptrum regni in manu tenens dextra:
sinistra, animam constringes, cui tricipitem Cerberum sub pedibus collo-
cabant, et iuxta se tres Harpyias habebat. De throno aure eius sulphureo
quatuor flumina manabunt, quae scilicet Lethum, Cocytu,
Phlegethontem, et Acherontem appellabant, et Stygem paludem iuxta flu-
mina assignabant.”. . . This translates as “. . . an intimidating person sit-
ting on a throne of sulfur, holding the scepter of his realm in his right
hand, and with his left strangling a soul. Under his feet three-headed
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Cerberus held a position, and beside him he had three Harpies. From his
golden throne of sulfur flowed four rivers, which were called, as is known,
Lethe, Cocytus, Phlegethon, and Acheron, tributaries of the Stygian
swamp” (as cited in Ref. [1], but see Refs. [2�5]).

There are two names for the entrances to hell: Charonion ([6],
Strabo XIV, 1, 11) for the cave of Thymbria, between Magnesia on
Maeander and Myus; and for Acharaka near Nysa on Maeander ([6],
Strabo XIV, 1, 45�47) and Ploutonion for Hierapolis ([6], Strabo,
XIII, 4, 14). Plutonium clearly means a sanctuary for the chthonic god
Pluto, whereas Charonion refers to the ferryman Charon.

Extraordinary and fearsome places were often thought to be the
entrance to the netherworld [7]. Caves, fissures, and fractures with
smelly exhalations, and lakes or streams that were steaming hot or that
changed color were such sites. The entrance to the underworld was
sometimes also the end of the world. Odysseus was ferried there by
Charon, across the River Styx, to find Tiresias ([8] Homer; Cantus XI;
Odyssey). Quite a few ancient gates to hell are caves (see Ref. [7] and
references therein) some others are lakes or depressions. Caves are
uncertain places, entrances to a dark and unknown world. These places
were even more fearful when, in addition to the darkness, toxic vapors
were emitted, able to kill all life. The vapors were called mephitic
vapors1 which resembled the deadly Hadean breath (or the breath of the
hellhound Kerberos). In most cases, these vapors consisted of highly
concentrated carbon dioxide (CO2), sometimes with some sulfur gas
(H2S) impurities. In geothermal fields or when hot water streams were
present, large amounts of water vapor were emitted which led to the
fearsome appearance of toxic mists and fogs in front of the cave.

The gate to the underworld was always thought to be related to
supernatural forces and thought to be miraculous. In some cases,
entrances to the Hadean underground may have been found by shep-
herds or herdsmen who witnessed their cattle behaving strangely at
such places. Herdsmen were astute in observing nature; even a slight
change or variation in the normal vegetation could alert them to such
extraordinary places [9�11]. Corpses of small animals also hinted at
the presence of strange and supernatural forces. If priests came to

1From Mefitis or Mephitis, a goddess of the evil geogenic smells, who was worshipped in
Pompeii, Rocca San Felice or Rome.
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know about such places, they declared them sacred. Sometimes tem-
ples and sanctuaries were built in the surroundings (or even on top of
geogenic gas emissions; see Plutonium in Hierapolis/Phrygia).

Ustinova [12] mentioned that ancient Greek oracular cults focused
on caves and suggested that the Greeks used at least two methods of
divination. The easiest was sensory deprivation since the reduction of
external stimuli leads to dream-like states. The second technique was
based on special geological conditions, namely, a source of poisonous
gas having euphoriant or psychotropic effects.

Dante Alighieri [13] was most probably the first to relate mythic
places and geology (Cantus XII; XIV and XV). He describes the
circum-volcanic conditions quite precisely and, not knowing the proper
geologic interrelations, he ascribes them to hell. In modern times,
B. Vitaliano was probably the first to use the term geo-mythology [14].
She was followed by Piccardi and Masse [15]. In the following
remarks, we try an amalgamation of mythological and archeological
data with geological, biological, and medical evidence to describe the
coherence of the geo-bio-mythology of the ancient gates of hell.

10.2 WHY ENTER THE REALM OF THE SHADOWS?

10.2.1 The Souls of the Mortals
For humans who had passed away, the passage to the kingdom of the
dead was probably not difficult, if their relatives took enough care dur-
ing the funeral. The correct funeral procedure was an important aid
and also a guarantee of sorts for a safe journey into the underworld.
In Greek mythology, the souls of the dead, “the shadows,” had to
cross the river Styx (Acheron). The transfer across the Acheron via
ferry was done by Charon, the ferryman of the shadows, who was paid
by the “danakes (oboli),” mostly with golden coins that were put into
the mouths of the dead before the funeral.

10.2.2 Incubation and Cure
The cult of worshipping Pluto was probably imitated from the cults of
Serapis in Egypt [16]. Strabon (Book XIV) [6] mentions three sites in
Asia Minor where Pluto was worshipped. In the region of Nysa and
Acharaka he describes a temple for Pluto and Kore, as well as a grotto
(the Charonion). Somewhere in the vicinity is Limon (λειμ �ων, the
meadow), where similar rites were practiced [16]. As a third
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Plutonium, Strabo mentions the famous Hierapolis with its hot water
ponds, its calcareous hot water falls (nowadays Pamukkale), and its
Charonion (Strabon XIV). Pilgrims prayed for health and cure and/or
asked for prophecies. Priests dealt with the gods of the underworld.
The priests, rather than the patients, incubated, i.e. immersed them-
selves in the natural environmental phenomena of the site. The patients
subsequently followed the recipes and cures that were prescribed
according to the dreams of the priests during incubation. The prerequi-
sites of prophecies and dreams were among other parameters (drugs,
hallucinogenic plants, and mushrooms) attributed to the presence of
geogenic gases. Lack of oxygen and an increase in carbon dioxide can
cause hallucinogenic effects in humans (see also Ref. [17]). In this con-
text, a theory has been proposed linking the prophetic power of the
Pythia in Delphi’s Sanctuary with the occurrence of gases released
from a fault (“chasma”) [17�19]. The Delphi Sanctuary is considered
the most important religious location of the ancient Greek world
(“omphalos” of the world). The sacredness of the oracle mostly cen-
tered on the mantic faculty of the Pythia, whose prophecies had a vital
role in the political, social, and military scenes of the ancient world.
De Boer et al. [17] proposed that the inhalation of the sweet-smelling
ethylene, which can cause mild narcotic effects, could be the reason for
the inspiration of Pythia. Etiope et al. [18] propose that if any gas-
linked neurotoxic effect of the Pythia needs to be invoked, as suggested
by historical tradition, it could be searched for in the possibility of oxy-
gen depletion due to CO2aCH4 exhalation in the nonaerated inner
sanctum (“adyton”).

10.2.3 Necromancy
Only a few extremely brave heroes like Odysseus and Orpheus dared
to make their way down to the netherworld. Orpheus did so to free his
wife Eurydike, who had died from a snake bite and for Odysseus it
was one of his twelve tasks. Necromancy is a technique to negotiate
with the gods of the netherworld or to communicate with the shadows
of the deceased. Odysseus wanted to enter the realm of the shadows to
meet the ghost of the seer Teiresias. Kirke helped him by instructing
Odysseus in the art of necromancy. According to Homer, these rites
were performed on the borders of the underworld, near Tainaron
(Cape Matapan). Other authors claim that Odysseus visited the
Nekromanteion at the Acheron River (NW Greece) or even in Cumae
(Campi Flegrei, southern Italy).
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10.2.4 The Gate for Chthonic Gods and Ghosts of the Darkness
The gates to the netherworld were used not only by the dead and sha-
dows or those seeking cures, but also by the gods of the netherworld
themselves to step out onto the earthly upper world (and down again).
The abduction of Persephone/Kore is very common in Graeco-Roman
mythology. Hades came from the subterranean darkness to abduct and
rape Persephone and to take her as his wife and as the Queen of the
netherworld. Homer describes the descent to Hades with Kore as tak-
ing place in Nysa�Acharaka (Phrygia). Yet, some authors still think
also Hierapolis may play a role. In a Roman version, known as the
rape of Proserpina, Pluto abducts Proserpina at the Lago di Pergusa,
located in the center of Sicily close to the town of Enna. In this case,
the lake was selected not because of its magmatic gas emissions but
because of its biogenic sulfur emissions and its color change to purple-
red. The red coloration of this circular pond was a hint regarding its
chthonic forces [20,21].

10.3 THE GEOLOGIC BACKGROUND

10.3.1 Geogenic Gas Emission—Volcanoes, Faults, and
Seismicity
In geodynamically active areas, which are characterized by intense vol-
canic activity and/or high seismicity and tectonics, many geogenic
gases can be released to the atmosphere depending on the local geo-
logic regime [22]. Among the major gas species, CO2 is found in
almost all of these areas. Water vapor is found in volcanic and geo-
thermal areas where temperatures at or close to the surface reach the
boiling temperature of water. Among sulfur gases, hydrogen sulfide
(H2S) is typical of geothermal areas while sulfur dioxide (SO2) is
released with high-temperature volcanic gases. The latter can also
contain significant quantities of halogens, mainly in the form of HCl,
HF, and HBr [23]. All remaining gas species, although relevant for
geochemical studies (CO, noble gases, and hydrocarbon gases) and/or
for their possible long-term effects on human health (Hg, Rn), are
found only at trace levels. The only exception is geogenic CH4, whose
emissions may be relevant in sedimentary basins with petroleum
production [24].

Concerning the gases measured around or within the gates to hell,
CO2 is, aside from water vapor, the most frequently found gas.
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As mentioned above, geogenic gas emissions can lead to enhanced car-
bon dioxide concentrations that influence and threaten life in the area.
Carbon dioxide of geologic origin is formed within the Earth’s mantle
or crust and is released to the atmosphere not only by volcanoes but
also diffusely from the soil in geothermal areas. Gases reach the
Earth’s surface through zones of enhanced vertical permeability within
the crust such as volcanic conduits, volcano-tectonic structures, and
faults. In particular, faults generally act as important pathways for
migration to the surface of carbon dioxide originating from deep
thermo-metamorphism of carbonate rocks or mantle degassing [25,26].
When the gas leaves the lithosphere�pedosphere system, it reaches the
adjacent atmosphere, where it is normally diluted due to convection
triggered by sun or wind. Heavier than air, carbon dioxide can accu-
mulate and reach high levels in valleys, depressions, and poorly venti-
lated zones and become dangerous for organisms. The reason is the
specific density of CO2 gas, which is 1.5 times heavier than air. This
phenomenon is also known from wine cellars, where the fermentative
CO2 gas accumulates at the cellar bottom creating a potentially lethal
trap for the wine makers. Some valleys or dolines (sinkholes) are well
known for their dangerous gas atmosphere (Kies et al., unpublished,
[10,27]). Such gas-filled depressions are known all over the world. In
Rwanda they are called “mazuku” (evil wind). Carcasses of reptiles,
birds, gorillas, and even elephants are sometimes found in their close
vicinity [28]. Soentgen [11] also describes the possible relation between
the gates to hell and places of oracles and geogenic gases.

10.3.2 Hot Water, Steam, and Geysers
Aside from toxic gas emissions there is also another geologic reason
for the selection of sacred sites. Geothermal energy in hot water creeks,
hot water steam, hot water eruptions (geysers), and the reddening of
water bodies drew the attention of laypeople and ancient priests alike.
Red water bodies can have an abiotic and a biotic cause. The red color
of a creek is mainly due to the oxidation of reduced iron from great
depths; iron oxides and hydroxides are formed (iron ochre). Such
places were called “Bullicame” (bubbling water) in the Italian language
of the Middle Ages. The term was used either for all stained hot water
emanations or specifically for a little geothermal lake and creek close
to Viterbo (Dante Alighieri, L’Inferno; Canto XII, 127�129) [13]. The
physicochemical action of carbon dioxide to displace and withdraw
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oxygen is here precisely described. With Dante, CO2 merely extin-
guishes flames; with Strabon it extinguishes human lives (see later).

10.4 THE PHYSICOCHEMICAL PROPERTIES OF CO2

10.4.1 Carbon Dioxide is Difficult to Recognize
In contrast to heavily odorous gases like HCl, SO2, or H2S, carbon
dioxide is described as colorless, odorless, and tasteless in its gaseous
form [29].2 This means that if an animal walks into a CO2 gas cloud
which is gradually increasing in concentration, it will not recognize the
danger and become asphyxiated [30,31]. On the other hand, if one
enters a region with a distinct and immediate transition of normal air
to a concentrated CO2 gas, the sudden change will clearly be noticed
(see below).

10.4.2 Carbon Dioxide Forms Gas Lakes
The molecular weight of CO2 is 44 g/mol. With its density of 1.98 kg/m3,
CO2 is 1.5 times heavier than air [32]. Lower lying areas, holes, valleys,
depressions, or even cellars will thus be filled with the gas and
stable gas lakes can be formed [10,27,33]. Under calm weather condi-
tions, such gas lakes form a very distinct boundary between the highly
concentrated CO2 gas lake and the above-lying atmospheric air. CO2

concentrations can be as high as 80% within the gas lake and 0.5% in
the direct vicinity of the boundary. Some centimeters distant, CO2 con-
centrations drop to normal values of 0.04%. At the same time, oxygen
concentrations may increase from 2% to 3% within the deadly gas lake
to 20.9% in the adjacent atmosphere layered on top of the lake.
According to what was said above, stable boundaries can easily be rec-
ognized by animals and can therefore be avoided. Gas lakes which
would continuously increase in concentration would be a much larger
threat to life. On the other hand, if organisms are trapped within such
gas lakes they will lose consciousness within seconds to minutes and
then die.

The density of CO2 also leads to the formation of distinct gas
creeks. In the geothermal area of the Sousaki volcano (Greece), two

2This is only partly true. If you try to inhale CO2 concentrations of 35% and higher (don’t do this
because it is dangerous!), there is the sensation (smell and taste) of champange or mineral water.
The champange-feeling is easily explained by the extremely high CO2 concentrations that built up
during opening of the bottle.
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caves emit high amounts of CO2 gas (. 90% CO2 within the cave) and
a continuous gas creek flows out of the cave’s mouth and downhill
(Figure 10.1). On its way downhill it kills smaller organisms like mice,
birds, and insects in its small riverbed.

It must be added that CO2 gas lakes are stable only as long as no
wind or sun action occurs. This is true for the Hadean grottos below
the Apollo temple and the Plutonium in Hierapolis. It is also true for
shady valley structures, CO2 caves (aragonite cave at Zbrasov,
Czechia), and for cellars and other basements of buildings. In all other
cases, wind turbulence or convection created by solar irradiation will
destroy the lake and form normal atmospheric conditions during sunny
hours [10,27,33].

10.4.3 Carbon Dioxide Displaces Atmospheric Oxygen
Because of its presence in high concentrations, CO2 displaces oxygen
and in consequence aerobically breathing organisms will experience
respiratory problems. As the highest possible oxidized state of carbon,
CO2 additionally is nonflammable and can thus be used to quench
flames. This physical property of CO2 is well known to firefighters,
who extinguish fires by displacing oxygen using nonflammable CO2.
Dante Alighieri [13] described the extinguishing flames on the hot
Bullicame creek (Canto XII, XIV, and XV).

Figure 10.1 Dry CO2 creek creeping out of a CO2 cave at the crater rim of Sousaki volcano in Greece. The gas is
heavier than air and flows downhill. The gas was stained with an orange smoke capsule.
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10.4.4 Carbon Dioxide Forms an Acid
Gaseous CO2 is the anhydride of carbonic acid. Furthermore, it is
highly soluble in aqueous solutions. Once dissolved, carbonic acid dis-
sociates according to Eq. (10.1), liberating one or two protons.

CO21H2O2H2CO32H11HCO2
3 22H11CO22

3 (10.1)

Liberation of protons leads to an acidification of the aqueous
phase. Depending on the actual buffering capacity, acidification may
be larger or smaller [34,35]. Aqueous phases exist on surfaces and also
within organisms. The liquid film on eyes, the mucosae in the nose and
lung, and all intercellular compartments are prone to the acidifying
effect of CO2. Itching of these body parts or the inhibition of enzy-
matic action may be the consequence [36].

10.5 THE BIOLOGICAL, MEDICAL, AND PHYSIOLOGICAL
BACKGROUND

High concentrations of CO2 can act in two ways: (i) on the one side,
high carbon dioxide concentrations displace atmospheric oxygen, and
(ii) on the other side, CO2 is potentially acidic and deprotonates in
solution. In the first case, the physiological effects are hypercapnia, or
oxygen deficiencies like hypoxia or even anoxia. In the latter case, cel-
lular compartments become acidified [36] and enzyme action is reduced
or blocked [35].

Therefore, extreme CO2 concentrations cannot be tolerated by aero-
bically breathing creatures (Figure 10.2); anaerobic organisms (e.g.,
some bacteria and archaea), on the other hand, would survive. So
clearly, oxygen-dependent life—mammals, reptiles, and birds—could
not have existed within the grotto of the Plutonium in Hierapolis
(Pfanz et al. unpublished). Even insects would have been killed within
minutes (for some exceptions see Ref. [37]). Mammals already react to
CO2 concentrations as low as 3�5% [30,31,38]. Even these rather low
concentrations may increase cardiac and respiratory rates if exposure
time is longer than several minutes [10,39�41]. At CO2 concentrations
around 8�10% humans are asphyxiated; longer exposure at 15�20%
inevitably leads to death. A detailed list of human reactions to differ-
ent CO2 concentrations is found in the IVHHN Gas Guidelines [42].

Divers have to cope with oxygen deficiencies and an overdose of
CO2 in their blood. Pregnant women can use a trick during the birth
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process to manipulate their blood pH: re-inhaling expired CO2 (folding
the hands in front of the mouth) leads to a decrease in blood pH
whereas panting alkalizes the blood. In this way, strong pain can be
reduced and the oxygen level necessary for mother and baby is con-
served. Sudden infant death syndrome (SIDS) is sometimes related to
hypercapnia.

Too much CO2 leads to dizziness. There are reports of miners dig-
ging for coal and lignite who were overcome by sudden leaks of CO2.
Similar fatalities are described for brewers and firemen [43].

The catastrophic events at Nyos and Monoun helped increase
knowledge of CO2 extremes [44]. In 1986, more than 1700 people died
in a volcanic CO2 gas accident. The Nyos volcanic crater lake was
supersaturated with CO2 that leaked from its base into the water [45].
Cold temperature and a high water pressure (due to a water depth of
253 m) led to a supersaturation of the lake water with carbon dioxide.
Due to an earthquake with a concomitant landslide the surplus of gas
was spontaneously set free and a 30-m-high gas cloud was formed
upon the lake surface. Due to its special density this deadly gas cloud
flowed downhill through a narrow valley, reaching several villages and
killing 1700 people and 5000 cattle. Many of the corpses looked like
they were sleeping. Only few had blisters and a bigger skin rash. The
latter were thought to be due to rigor mortis and concomitant changes,
because the victims were found several days after the accident [46].
Similar CO2 accidents due to volcanic CO2 exhalations have been

Figure 10.2 An asphyxiated red-backed shrike (Lanius collurio) in a small depression in a mofette meadow in
Czech Republic.
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reported from Lake Kivu, Nyiragongo, Djeng Plateau, and many
other places [28,40,47].

The positive CO2 effects are fewer but nevertheless worth mention-
ing. The correct concentration of CO2 in breathable air may enhance
blood circulation. Patients with low blood pressure and concomitant
cold limbs therefore take “dry CO2 baths” to speed up circulation [48].
At CO2 concentrations between 25 and 35% (w/v), the hands and feet
of elderly people warm up within a few minutes. Care has to be taken,
however, that the deadly gas atmosphere is not directly inhaled.
Patients simply stand in a 1- to 1.2 m-high, dry CO2 gas lake. In sev-
eral countries (Romania, Bulgaria, Hungary, and Slovakia) dry CO2

gas cures are well known and some health resorts are famous for their
geogenic gas (e.g., Harghita Mountain in Romania; [49]).

Not only blood circulation is affected. There are also verbal
records of the positive effects of high CO2 levels on skin diseases
caused by bacteria and fungi. The potentially acidic action of CO2 in
aqueous phases [35] and within cells may reduce the viability of the
pathogens, leading to relief of pain. The effects of warm mineral- and
CO2-containing cure waters are well documented.

Whether these positive effects of geogenic CO2 gas were actually
used in front of the Plutonia has not yet been studied in detail. Yet,
the rites of incubation and the rituals around prophecies and seeing
strongly hint in this direction [17,50].

10.6 ACTUAL GAS CONCENTRATIONS AROUND AND WITHIN
GATES TO HELL

The existence of deadly vapors (spiritus letalis, mantikon pneuma, and
anathymiasis) around the gates of hell is described by several authors.
“Foramina pestilens exhalatur vapor . . .” can be read in Seneca [51]
(Naturales Quaestiones, libro VL, Chapter 28). But Plinius [52]
(Historia naturalis), Strabon [6], and Virgilius [53] (Cantus VI, Aeneis)
also mention a deadly haze around Plutonia and Charonia (see also
Refs. [7,11]). The extremely high CO2 concentrations and the concomi-
tant low oxygen concentrations within the Hadean antechambers (grot-
tos) below the theatron in the Plutonion and the Apollo temple in
Hierapolis/Phrygia are highly toxic. Outside the subterranean grotto,
in front of the stone benches, solar irradiation and wind do not allow a
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persistent gas lake. Yet, the permanent flow of CO2 out of the
chamber onto the floor of the theatron forms a transient gas lake. As
with many other CO2 gas lakes, the toxic atmosphere forms in the
evening hours, persists throughout the night, and is reduced in the
morning due to the absorption by the infrared portion of sunlight
[10,33,50]. The great number of corpses of insects and birds prove its
existence: dead birds and more than 70 dead beetles (Tenebrionidae,
Carabaeidae, and Scarabaeidae) were found asphyxiated on the
floor. Locals report on dead mice, cats, weasels, and even asphyxiated
foxes. Most of them weren’t killed during sunny days, but during the
dark hours. Insects are the exception: they were seen to be asphyxiated
even during midday hours. Even then, a thin 5 cm “high CO2 gas
layer” covered the ground in front of the grotto of the Plutonium at
Hierapolis, killing smaller beasts.

In Mefite D’Ansanto, Chiodini et al. [54] measured a total output
of about 1000 t of CO2 per day over an area of 4000 m2. Such a huge
CO2 output is not connected to volcanic activity but the C and He iso-
topic composition of the gases points to the same mantle origin of the
nearby volcanic systems of Vesuvius and the Phlegrean Fields. The
massive output together with the right topographic situation allows the
build-up of sometimes lethal conditions at the main venting area and
along the narrow valley immediately downstream. Chiodini et al. [54]
found that in the absence of wind, the lethal concentration of 15% of
CO2 at 1.5 m height extends for about 200 m along the valley, while
the dangerous threshold of 5% at the same height extends for more
than 1 km, reaching far beyond the area devoid of vegetation. It is
therefore not hard to believe that at least 12 persons died from the gas
at this site between the seventeenth century and the present [54].

10.7 THE KNOWN SITES OF ANCIENT GATES TO HELL

In principle, the existence of ancient gates to hell reflects the ancient
realm of Greece and its colonies (Magna Graecia and Asia Minor).
The entrances to the netherworld are known for southern Italy, for the
Greek mainland, and for the Asia Minor part of modern Turkey.

10.7.1 Italy (Magna Graecia)
Within the modern borders of Italy, gates to hell may be found in the
larger region around Mount Vesuvius. Here many craters of the
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Phlegrean Fields (with mofettes, solfatares, and fumaroles), the volca-
nic lakes of Averno and Agnano, and also the Grotta del Cane and
Mefite D’Ansanto can be found. For the Grotta del Cane and other
gas caves in the vicinity the so-called spiritus letalis (deadly haze) is
mentioned [11].

10.7.1.1 The Phlegrean Fields (Campi Flegrei)
Bordering the gulf of Naples and in sight of Mount Vesuvius, the cal-
dera of a super-volcano is located. The region of the Campi Flegrei
(burning fields) is punctuated by several volcanoes, older calderas, vol-
cano lakes, and gas-emitting vents [55]. The whole area is additionally
prone to bradyseismism, meaning that the whole region has an uplift
of several meters and then slowly collapses. Within this area are the
towns of Pozzuoli and Cumae and a large part of Naples.

10.7.1.1.1 Lago Averno
In the southern part of the Campi Flegrei close to the coast is the
saline lake called Lago Averno. Its water composition is the result of
the mixing of seawater and saline hydrothermal fluids [56]. At present,
the input of gases is very low and the overturn of its waters depends
only on temperature-driven density stratifications. Such overturns hap-
pen only in correspondence with particularly cold winters; many fish
are killed due to the H2S-rich and O2-poor composition of the deepest
layers. The H2S is not only of hydrothermal origin but derives also
from sulfate reduction in the deep anoxic part of the lake. The mass of
the upwelled gas and the extent of the consequent fish-killing depends
mainly on the length of the previous accumulation period [56].

In Roman times, this kind of overturn mechanism was less probable
because the lake was opened to the sea and transformed into the main
military port hosting the imperial fleet. In such conditions, it was less
probable that the surface layers would become denser, triggering an
overturn of its waters. It cannot be excluded that at that time hydro-
thermal gas inflow or CH4 production in the deeper anoxic parts was
higher, leading to bubbles rising or even lake overturn.

Several ancient writers expect the Lago Averno to be a gate to hell.
Gas emissions are also mentioned: “No bird is able to fly over its sur-
face but will soon die because of toxic vapors” [53]. The name Averno
is derived from aornos, meaning “birdless” in Greek. In the vicinity,
the Roman hero Aeneas met Sybilla to ask her for the way to meet his
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father (Virgil, Aeneis, Cantus VI). She explains that it is easy to find
the way to Pluto right through the Lake Averno. Several times Virgil
mentions toxic exhalations from the lake that killed all life.

10.7.1.1.2 Solfatara and Pisciarelli
More or less in the center of the Phlegrean Fields directly belonging to
the settlement of Pozzuoli, the large crater of Solfatara resembles a
hostile, nonhabitable place on earth. Many mofettes and solfatares
emit toxic gases in addition to fumarolic hot water emissions [55]. Due
to the wide and open morphology of the area, CO2 does not generally
reach dangerous levels but concentrations of a few hundred parts per
million in excess of normal atmospheric air at 1.5 m height even at
daytime testify to the strong CO2 emission [57]. The contemporaneous
release of other typical hydrothermal gases (water vapor and hydrogen
sulfide) contributes to the image of an entrance to hell. According to
Capacio [58] and Galanti and Jagemann [59], the caldera of Pozzuoli
was thought to be the market square in front of the hell and the abysm
to hell (Figure 10.3).

10.7.1.2 Bullicame
Dante Alighieri [13] described the extinguishing flames on the hot
creek Bullicame close to Viterbo (L’Inferno, Canti XII, 127�129, XIV,
88�90 and XV, 1�3). He describes this geothermal phenomenon, with
additional degassing of sulfurous and carbonic gases, in his song of the

Figure 10.3 Hot water steam and carbon dioxide emanating from a bubbling pool at Pisciarelli (close to
Solfatara) in the Phlegreian Fields, Pozzuoli, Italy.
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hell as “. . .a hot stream of blood and sulfur. . ..” Although not directly
knowing the type of gas, Dante clearly describes the physical action of
highly concentrated carbon dioxide clouds:

Cosa non fu dagli occhi tuoi scorta
Notabil come lo presente rio,
Che sopra sè tutte fiammelle ammorta.

Nothing has been discovered by thine eyes
So notable as is the present river
Which all the little flames above it quenches.

(L’Inferno, Canto XIV, 88�90)

10.7.1.3 Mefite D’Ansanto
In Virgil (Book VII) [53] it is written:

565est locus Italiae medio sub montibus altis,
nobilis et fama multis memoratus in oris,
Amsancti valles; densis hunc frondibus atrum
urget utrimque latus nemoris, medioque fragosus
dat sonitum saxis et torto vertice torrens.
hic specus horrendum et saevi spiracula Ditis
monstrantur, ruptoque ingens Acheronte vorago
pestiferas aperit fauces, quis condita Erinys,
invisum numen, terras caelumque levabat.

(Virgil Aeneis, Book VII)

Approximately 80 km east of Mount Vesuvius there is a place now
called Mefite D’Ansanto, the epitome of all CO2 degassing sites. In the
area the goddess Mefitis (Mephitis) was worshipped. For Virgil this
place is the entrance to the underworld (Aeneis, Book VII). CO2 degas-
sing is so strong here that the pond at the base bubbles heavily and
within 20,000 m2 no vegetation can be found (Figure 10.4). Naked
soil, void of any life, covers the ground around the venting area. The
degassing area is surrounded and framed by reed grass (Phragmites
australis) and several Juncus and Agrostis species able to tolerate even
peak concentrations of CO2. The gas flow is so high that a dry CO2

gas creek runs downhill, using the riverbed of an ephemeral creek. The
area downhill is extremely dangerous to spectators of the mephitic
sanctuary as wind gusts may blow deadly CO2 gas parcels unexpect-
edly in any direction (see also Ref. [54]).
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10.7.1.4 Naftia
About 50 km southwest of Mt. Etna in Sicily is another strong CO2

degassing site called Naftia, which has been compared by many
authors to the Mefite D’Ansanto. This site has been known since
ancient times; it was described by geographers like Strabo and
Diodorus Siculus and more recently by Ferrara [60]. At this site abun-
dant gas, mainly composed of CO2, bubbled within a shallow lake. In
the past, the lake generally dried out during summer, leaving two cra-
ters from which gas was continuously emitted. The lake has now been
reclaimed and transformed into arable land; while gas emission still
occurs [61], it has been strongly reduced by industries that use the gas.

This site must be considered a gate to the netherworld, since it is
related to the chthonian deities of the Palikoi. Their mythological his-
tory can be found in the scripts of many ancient writers (e.g.,
Aeskylus, Virgil, Ovid) although in different versions.

The origin of the myth surely predates the Greek colonization of
the inner part of Sicily. The Palikoi were previously adored by the
indigenous Sikel population. Recent archeological investigations show
that the site had been inhabited since the Neolithic age and that the
building of a sanctuary started in the seventh to sixth century BC

[62,63]. The Palikoi were the personification of the natural gas
emission phenomenon. They were twins representing the two main gas

Figure 10.4 The eponymous CO2 degassing mofette Mefite D’Ansanto in Southern Italy. The area is void of vege-
tation, indicating extreme CO2 soil fluxes and concentrations.
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emission points in the lake, which created two geyser-like columns;
their “comeback” from the netherworld was certainly connected to the
annual disappearance of the lake, which dried out in the summer, leav-
ing two deep craters, and to their return in the rainy autumn�winter
period typical of the Mediterranean climate.

The cult of the Palikoi lasted at least until the Roman imperial
period and their sanctuary had great importance: it was the site of an
oracle, an asylum for runaway slaves, and a place where oaths could
be tested by different rituals. These rituals were tightly connected to
the CO2 degassing activity of the lake. In one version of the rituals, the
oaths were written on tablets and thrown into one of the bubbling cra-
ters. If the tablet floated on the water, the oath was considered to be
true, but if it sank, the oath was regarded as perjury. The destiny of
the tablet strongly depended on the part of the water surface that it
reached. In those parts where no gas came up or where the gas pres-
sure was very high, the tablet was sustained above the water; where
degassing activity was less, the bubbles would lower the water density
and consequently the tablet would sink.

In another ritual, the person to be tested had to go close to the gas
emission, and after making his oath, had to bow down and touch the
crater. Depending on the degassing activity and on the meteorological
conditions, he could be overwhelmed by the CO2 and suffocate. This
would have been interpreted as a sign of his perjury. In this case the
punishment was seen as coming directly from the gods while in the pre-
vious case the perjurer was sentenced to blinding or death.

10.7.1.5 Lago di Pergusa
Not directly related to geogenic gas but probably due to biogenic sul-
fur gases is the gate to the netherworld at the Lago di Pergusa.
Located in the center of Sicily near the town of Enna, this circular
brackish lake regularly blooms with algae and bacteria. Semi-saline
algae from the family Chromatiaceae (Thiocapsa roseopersicina and
Thiodictyon elegans) are the cause of the red coloration [20].
According to Ovid [64] (Metamorphosis 5.385�391), it was later
thought that the lake was one of the sites where Hades abducted Kore
(Persephone/Prosperina). Close to the lake there are remnants of a
temple devoted to Demeter/Ceres.
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10.7.2 Greece
10.7.2.1 Eleusis—The Elysian Grotto
Probably the most important center where Demeter and her daughter
Persephone (Ceres and Kore) were worshipped was the Plutonium of
Eleusis in Attica (Elefsina in modern Greece). According to several
authors this site is not only the gate to hell but the most important
place where Pluto was thought to abduct and rape Persephone [65].
The Plutonium proper consists of two half-caves and a forecourt
(Figure 10.5). On the right side of the half-cave there is a smaller cave
and a hole through which Persephone annually escapes from Pluto’s
realm to reenter the desiccated earth at the end of Mediterranean sum-
mer. The appearance of Persephone makes her mother Demeter happy
and therefore spring, with its concomitant sprouting and blooming,
occurs.

Yet, although this Eleusian site is the well-documented locus typicus
of a Hadean gateway, no degassing of CO2 could be found within the
cave and its surroundings (Pfanz and Manetas, 2013, unpublished).

10.7.2.2 The Nekromanteion of Acheron-Ephyra
The death oracle (Nekromanteion) of Acheron is located in the ancient
region of Thesprotia (now Prevesa). The region was formerly a swampy
area with several rivers and the lake Acherusia. Like Cape Tainaron
(see below), it is thought that Kirke led Odysseus to the Hadean

Figure 10.5 The Plutonium of Eleusis in Attica where Pluto was thought to abduct and rape Persephone. The
proper Plutonium consists of two half-caves and a forecourt.
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underworld to meet the seer Teiresias ([8] Homer, Odyssey; [66]
Herodot 5, 92; [67]). Theseus was also thought to visit the underworld
in Acheron. Close to the confluence of the Acheron (Periphlegeton) and
Kokytos Rivers is a cave thought to be the abyss to Hades [67]. The
waters of the rivers derive from the underworld river Styx. It is said that
at a certain ford of the Acheron River, poplars and willows would grow
but their fruits would die off (gas?). The ruins of the Nekromanteion
are located west of the ancient lake Acherusia, close to the village of
Mesopotamos. A small statue of Persephone was found and evidently
proved that this was the proper site [67]. Yet, several authors deny that
the ruins are related to the famous Nekromanteion; rather, they believe
it to be an eighteenth-century monastic church [68].

10.7.2.3 Cape Tainaron
At the tip of the Mani peninsula in southern Peloponnes, there seems
to be an alternative entrance to hell with which the shadows can avoid
crossing the rivers Acheron or Styx. The death oracle is described as
an entrance to hell by Ovid (Book X, Metamorphosis). Orpheus visited
the underworld (Tartarus) via this gate. It was also at this entrance
that Heracles, in his Twelfth Labor, confronted and captured the fierce
three-headed hound, Kerberos, guardian of the gate. Geogenic degas-
sing has not yet been studied at this place.

10.7.3 Turkey�Asia Minor
10.7.3.1 Hierapolis
In contrast to Eleusis, extreme CO2 concentrations were found within
and around the sanctuary of Hierapolis/Phrygia (Pamukkale, Turkey).
Hierapolis is located in the Denizli Graben, which is a geological dis-
turbance zone extending between the Pamukkale and Babadag faults.
First recordings of the town were made by Strabo (XII, 8, 17), and
Plinius the Elder (Nat. Hist. V, 105) also mentions it. The town, prob-
ably a Seleucid foundation in the third century, developed during the
Roman Empire and was famous in Byzantine times. Hierapolis is cut
longitudinally by several parallel fractures of the Pamukkale fault by
intra-plate tectonics and was destroyed by many earthquake events
[69�71]. Built directly upon this fault are two buildings: the famous
Apollo temple [72] and the newly discovered Plutonium, the sanctuary
of the Gods of the underworld, Hades and Kore, with the theater
above a grotto [73]. Several sources mention that strange things hap-
pened at the outlet of the Plutonium. Priests demonstrated their
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supernatural power and their equality to the gods by ushering animals
like goats and bulls into the antechamber where, after a short time, the
animals showed signs of suffocation, finally dying after several minutes
(Strabo XIII, 4, 14, Plinius, Nat. Hist. II, 207�208, and Ref. [7]).

10.7.3.1.1 The Plutonium
After the excavation conducted by D’Andria in 2011�2013, a subter-
ranean grotto was found below the stone seats of the Theatron
(Figure 10.6). The grotto belongs to the Sanctuary of Pluto and Kore.
The words “Ploutoni kai Kore” in Greek letters engraved into the
stone row are still readable. In front of the small hole of the grotto,
dead insects and birds can be found.

Gas measurements inside the closed subterranean chamber (grotto)
revealed CO2 concentrations of up to 91%. The entire basement of the
grotto was totally dark but seemed to be highly humid, due to a warm,
carbonate-rich creek flowing below it. Deadly CO2 gas also exists in front
of the actual grotto. Flooding out of the grotto’s mouth, the escaping CO2

forms a gas lake on the floor. The corpses of animals hint at the absence
of oxygen and the presence of high CO2 that builds up during the night.

10.7.3.1.2 The Temple of Apollo
Similar findings were obtained when the grotto under the Temple of
Apollo was studied. The sanctuary of Apollo is situated 200 m north

Figure 10.6 The Plutonium of Hierapolis in Phrygia during its excavation. The proper entrance to hell is on the
right side, not yet excavated. Deadly high CO2 concentrations (90%) were measured within the grotto below the
seat rows.
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of the Plutonium within the same seismic fracture zone and has long
been known for its subterranean pit structure. This pit was interpreted
as Plutonium in previous excavations and it is marked as such in tour-
istic guides for Hierapolis. Recent excavation (2011�2013) has demon-
strated that the Plutonium proper is located in the area south of the
Apollo Sanctuary. The toxicity of its gas atmosphere is known and it
has been therefore firmly walled for safety reasons. Within the mouth-
hole of the Apollo�Plutonium, CO2 levels between 60% and 65% were
measured; at the same time oxygen was only 8�8.5%.

10.7.3.2 Nysa and Acharaka
Close to Acharaka and Nysa ad Maeandrum, there was another sanc-
tuary of Pluto and Persephone and an additional Charonion. This site
was well known for incubations and health cures. The abduction of
Persephone is also thought to have occurred here. It has not yet been
proven that CO2 gases occur around the sanctuaries but sulfur-
containing gases have been shown to escape from caves and from
some creeks. Strabon (Geographica 14.144) also describes the sacrifice
of bulls and other sacred animals. The detailed descriptions of the
death of these animals are consistent with those reported for the
Plutonium at Hierapolis.

10.8 THE HISTORICAL RELEVANCE

Several gates to hell are described in ancient literature, although few
have been seriously checked for the occurrence of geogenic gas emis-
sions. In some places, it has been clearly demonstrated that deadly
high CO2 emissions occur exactly as described by the ancient writers
(Pfanz et al., unpublished). A mantikon pneuma, a prophetic mist or
smoke from the soil, or an anathymiasis (an exhalation) is described by
Plutarch, who was an eyewitness of the functionality of Delphi [11]. In
Hierapolis/Phrygia, the source of this deadly gas is clearly the subterra-
nean grotto, which is considered to be the entrance to the Hadean
underworld (Plutonium, Charonion; Strabo XIII, 4, 14, Plinius, Nat.
Hist. II, 207�208, and 7, 73). All these authors and many others
describe the deaths of small birds that were sold by locals and bought
by spectators and ancient visitors of the sanctuary. The animals were
thrown into the gaseous atmosphere just below the seats of the theatron;
spectators watched how they died [7]. Strabo and Plinius also describe
the sacrifice of bulls or goats within the grotto. Priests demonstrated
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their supernatural powers and their equality to the gods by ushering
animals like goats and bulls into the Plutonium. The authors describe
exactly how the bulls showed signs of suffocation, how their bodies
trembled, and how the otherwise robust herbivores died within minutes.
Yet the Galloi, the castrated priests of the Mother Goddess (Cybele),
survived (Strabo XIII, 4, 14, Plinius, Nat. Hist. II, 207�208, and [7]).
These priests often stood on slightly elevated places. They knew about
the deadly vapors. They probably also knew the exact height of the
deadly gas lake. During the sacrifice of animals they tried not to
breathe deeply [7].

The toxic atmosphere in front of the gates to hell was thought to
resemble the deadly smell of hell’s unpleasant atmosphere, but it was
also attributed to the breath of the ferocious hellhound Kerberos. He
was posted to prevent ghosts of the dead from leaving the netherworld.
Several sources exist which describe the deadly smell from the mouth
of this terrible, three-headed hell guard ([74] Pausanias, Description of
Greece 2. 35.10). Even the saliva of this wild beast was poisonous.
When Odysseus drove Kerberos out of Hades (which was one of his
twelve tasks), the dog spat slime on the ground. From this toxic saliva
the deadly toxic plant aconite, or wolf’s bane (Aconitum napellus), was
born (Hesiod, Theogony, 769 ff. and Ref. [75]). There is even a rela-
tion between the breath and slime of Kerberos and the hallucinogenic
effects described in the neighborhood of the caves to hell: “. . . (the
Erinys) Tisiphone brought with her poisons too of magic power (to
invoke madness): lip-froth of Cerberus, the Echidna’s venom, wild
deliriums, blindness of the brain, and crime and tears, and maddened
lust for murder; all ground up, mixed with fresh blood, boiled in a pan
of bronze, and stirred with a green hemlock stick.” (Ovid,
Metamorphoses, 4.500 ff. and Ref. [75])

It seems that in ancient times natural phenomena mostly could not
easily and satisfactorily be explained [76]. If they were additionally
associated with pain and death, they were attributed to the deadly
necrotic and chthonic forces living at unpleasant places of no return.
The invisible haze resembled ghosts or gods or the breath of the fero-
cious hellhound. It was something unexplainable, something supernat-
ural, and something fearsome. It can therefore be assumed that the
ancient word for gas is god or death or mephitis. Nowadays these phe-
nomena can easily be described and analyzed by physicochemical
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means and quantitatively explained with knowledge from geology,
chemistry, and biology. It is surprising, however, how precisely and
without exaggeration ancient writers were able to describe these excit-
ing natural (or possibly supernatural) phenomena.
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CHAPTER 1111
Lead Poisoning and the Downfall of Rome:
Reality or Myth?

Louise Cilliers and Francois Retief

Lead, one of the seven metals of antiquity, has been mined since the
fourth millennium BC. In the Graeco�Roman era, the use of lead
increased remarkably and the metal probably became a health hazard
to the population between 500 BC and 300 AD [1]. Pliny the Elder
recognized the toxicity of lead, but the clinical picture of chronic lead
poisoning was not clearly described. Despite this, there have been
hypotheses that lead toxicity contributed significantly to the decline
and fall of the Roman Empire [2].

In this study, the nature and extent of lead poisoning in ancient
Rome is reviewed with emphasis on its possible influence on the long-
term development of the region.

11.1 THE LEAD INDUSTRY IN ANCIENT ROME

11.1.1 Lead Production
Lead was originally mined from ores like cerusite (lead carbonate) and
galenite (lead sulfide), which also contained silver, copper, gold, and
even arsenic. Lead was produced in foundries near mines, and it is
very probable that workers were exposed to extensive contamination
from lead powder and fumes [3].

During the Roman era, lead production increased significantly. At
its peak, the Roman Empire probably produced 80,000 tons of lead
annually, comparable to two-thirds of the lead production in the
United States in the 1970s. This amounts to approximately 4 kg of
lead per capita annually [4].

Besides cerusite and galena, the Romans were aware of other lead
products: litharge (lead oxide, yellow lead) was used in the building
trade; cerusa (lead carbonate, white lead) was an industrial product,
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occasionally used as medicine; sugar of lead (lead acetate) was com-
monly used as sweetener, and in the preservation of wine and food [5].

11.1.2 Uses of Lead
The word “plumbing” is derived from the Latin plumbum (lead). In
water conduits, lead was extensively used to line or seal earthenware
pipes, aqueducts, tanks, and reservoirs. Domestic containers and cook-
ing utensils commonly contained lead. Bronze and copper pots were
frequently lined with lead (or a lead�silver alloy) to counter the
unpleasant copper taste in the food. Lead provided a sweetish flavor.
Pewter (lead and tin alloy) utensils were in common use. Containers
for wine and olive oil were frequently made of lead or had a lead lin-
ing. Wine was commonly fermented in vats with a lead lining [6].

Sugar was unknown and honey was expensive. The Romans, thus,
made common use of grape must concentrate as a sweetener. This was
prepared by way of a cooking process, preferably in lead-lined copper
pots, resulting in sapa or defrutum. This lead-contaminated product
was used as a sweetener in food and wine, as a preservative in canned
fruit, and as an inhibitor of fermentation in the wine industry. Lead
acetate (sugar lead), prepared by adding acetic acid to lead, was also
used as a sweetener.

Lead preparations (cerusa, lead carbonate, in particular) were used
as facial powders, ointments, eye medicine, and white paint. It is also
suggested that lead preparations were used for contraception, and the
Roman botanist Dioscorides prescribed litharge for skin ailments; the
medical use of lead has, however, remained limited through the ages.
The Roman population also came in contact with lead in various other
ways, for example, handling of lead ornaments; lead in roofing materi-
als and gutters; coins; projectiles used in times of war; and in the ship-
ping and building industry in general [7].

11.2 HUMAN EFFECTS OF LEAD

11.2.1 Metabolic Effect
Lead has extensive toxic effects on human tissue. It blocks enzymatic
action (sulfhydryl radicals in particular) and has a direct toxic effect
on organs such as the liver and kidney, as well as the nervous system,
bone, hair, and hemopoietic organs. Lead is absorbed slowly through
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the skin but rapidly through the lungs and intestinal tract. In the body,
redistribution of lead occurs and, eventually, 90% of that not excreted
by the kidney accumulates in bones. Skeletal lead gives an indication
of total lead absorption, and is not systemically toxic [8].

11.3 CLINICAL PICTURE OF LEAD TOXICITY [9]

Acute poisoning presents as abdominal pain, nausea and vomiting,
painful mouth and throat with a metallic taste, thirst, and eventually
diarrhea. Large doses may cause shock, peripheral paresthesia, pain,
and muscular weakness. In severe cases, hemolytic anemia and renal
failure may lead to death after a day or two.

Chronic poisoning presents with various symptom complexes: an
abdominal syndrome with anorexia, a metal taste, gray “lead line” on
the gums, severe constipation, and acute colic; a neuromuscular syn-
drome characterized by peripheral paralysis—for example, “wrist
drop,” asthenia, and encephalopathy (especially in children); a hemato-
logical syndrome with anemia due to bone marrow depression, or
hemolytic anemia due to production of weak red blood cells. Gout
may occur (“saturnine gout”) due to renal damage. A characteristic
pallor, unassociated with anemia, is also recognized.

11.4 ARCHAEOLOGICAL DETERMINATION OF LEAD TOXICITY

In children, lead toxicity manifests as diagnostic “lead bone lines” in
x-rays, but this investigation is rarely used by archeologists [10].

Lead content of bone can be determined by atomic absorption spec-
trophotometric analysis, and gives an indication of the individual’s
total lead exposure during life. Possible contamination from soil sur-
rounding the skeleton must be excluded. It is important to remember
that bone lead will not increase during acute poisoning, and lead distri-
bution is not uniform through the skeleton—it is higher in the skull,
ribs, and vertebrae than in the pelvis and arm bones. For a comparable
lead intake, bone lead is higher in children than adults, and in older
specimens of bones compared to younger ones. Lead content of hair
also reflects systemic lead load but is of limited value because of the
brief lifespan of hair [11].
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11.5 OCCURRENCE OF LEAD TOXICITY

11.5.1 Sources of Toxicity
We have convincing evidence that lead production and utilization
increased significantly during Graeco�Roman times. According to some
scholars, lead production in Europe and the Mediterranean area rose
10 times during the second millennium BC, to reach a peak by 500 BC.
Subsequently, it decreased progressively up to 1000 AD, to reach levels
similar to those of the third millennium BC [12].

Sources of lead contamination in Roman times may be summarized
as follows:

• Domestic use of water from lead and lead-lined water conduits. It
has, however, been postulated that this was a limited source of con-
tamination, because flowing domestic water absorbs little lead from
pipes; calcium precipitates from hard water would also have
decreased contamination. The Roman architect, Vitruvius, however,
claimed that water from earthenware pipes was healthier than that
from leaden pipes. He also noted lead contamination of water origi-
nating from areas with mines and foundries.

• Lead from medicines and cosmetics would have caused toxicity only
if consumed orally by intent or accidentally. Lead absorption
through the skin is minimal [13].

• Contamination of food, wine, and olive oil due to preparation in
pewter or lead containers, and addition of sugar lead (sapa) were
important causes of lead poisoning. It has been calculated that
50�60% of a free adult Roman’s lead intake probably came from
wine. The nobility and the rich, who drank up to 2 L wine per day,
would thus have been predisposed to lead poisoning. Pewter ware
was extensively used by the middle class. It is calculated that the
Roman aristocrat probably took in 250 mg of lead per day, the ple-
beian 35 mg, and the slave 15 mg. This compares with 30�50 mg of
lead per day for the average contemporary adult in the United
States. WHO considers 45 mg per day as the maximal lead intake
for a healthy individual [14].

Workers in lead mines, foundries, and lead production works were
prominently exposed to lead contamination. Approximately 80,000
laborers were annually exposed to contamination at lead works, and a
further 60,000 at production units. Hygiene was primitive, although
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protective clothing for the head and face was in use, and probably pro-
tected against toxic inhalations. Pliny the Elder described the toxic
effects of foundry gases on humans and animals [15].

11.5.2 Proof of Lead Poisoning
11.5.2.1 Clinical Picture
Ancient writers knew that lead products were poisonous. Dioscorides
writes that cerusa taken orally was potentially fatal, and that certain
sweet wines affected the abdomen and nerves negatively. Pliny the
Elder commented on the poisonous nature of lead fumes, the toxicity
of certain lead preparations, and the negative effect of sapa-containing
wines on certain persons; the encyclopedist Celsus refers to the toxicity
of white lead; Vitruvius wrote that lead pipes caused illness (but went
on to design water conduits with prominent lead components) [16].

Nicander, a Greek poet of the second century BC, is generally cred-
ited for the first description of acute lead poisoning. This episode refers
to an illness caused by cerusa (lead carbonate): acute abdominal upset,
vomiting, painful muscles with progressive paralysis, involuntary eye
movements, disturbed balance, hallucinations, and death.

However, chronic lead poisoning as we understand it was not
clearly described in this era. Gout, which may be associated with
chronic lead poisoning, was, of course, well described. The full classi-
cal description of chronic lead poisoning was by Paul of Aegina in the
seventh century AD [17].

11.5.2.2 Archeological Findings [18]
Analysis of bone lead values relevant to the present study were
reported by P. Grandjean. Additional analyses include those of
Sudanese skeletons from as early as 3300 BC; prehistoric Danish skele-
tons; British skeletons from the Roman era; skeletons from the North
American colonial era; Peruvian skeletons from 500�1000 AD; and
European skeletons from the eighteenth century BC to the twentieth
century AD.

Findings may be summarized as follows:

• With Sudanese and Peruvian data taken as “zero values” (from
before the era of lead contamination), modern bone lead values rep-
resent a 20- to 100-fold increase.
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• In spite of a wide intragroup variation, affluent communities
showed higher lead concentrations than the poor, and urban com-
munities higher concentrations than rural communities.

• During the late Roman period, lead concentrations in Roman occu-
pied areas were 41�47% of contemporary levels in Europe. After
500 AD these values fell to 13% of modern levels, but during the
Middle Ages they rose again to values comparable to the levels of
ancient Rome.

• Lead levels in the capital, Rome, were not significantly higher than
in legionary cities like Augsburg.

11.6 DISCUSSION

It is clear that the production and utilization of lead increased signifi-
cantly from the second millennium BC to approximately 500 AD. This
resulted in significant environmental lead contamination, and the ques-
tion arises as to what extent this negatively affected the population of
ancient Rome.

During the past century it has been suggested that lead contamina-
tion possibly hastened the decline and fall of the Roman Empire. It
was speculated that lead poisoning specifically affected the aristocracy,
diminishing their fertility and reproduction, and so decreasing
Roman leadership. J.D. Nriagu and others argued that use of lead-
contaminated water supplies, cooking procedures, and wine production
specifically exposed the leaders to lead contamination.

Scarborough and Needleman and Needleman, however, warn that
the extent of lead contamination should not be overestimated. While
sapa prepared in lead containers undoubtedly contained much lead,
lead containers were not necessarily used by the majority of the popu-
lation. The amount of sapa added to wine was also not standardized.
Pliny the Elder claimed that there were 185 types of wine in his day,
each with its own composition. He preferred unsweetened wine. If
sweetened wines were the most serious cause of lead poisoning, the
extent of poisoning would thus depend on the distribution and use of
types of wine [19].

Gilfillan believes that lead poisoning decreased fertility and caused
miscarriages and abortion, thus precipitating the decrease in aristoc-
racy evident from the first century BC. Aristocratic names like Julius
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and Cornelius, for instance, disappeared systematically. However,
lead’s actual influence on pregnancy is quite uncertain—only exposure
to high doses of lead has been shown to affect pregnancy. Needleman
and Needleman argue strongly that the actual cause of the gradual
diminution of aristocratic family names and the decrease in family
sizes is complex in nature, involving many factors besides possible lead
contamination [20].

If lead contamination did in fact comprise a serious community
problem in ancient Rome, the question arises as to why the typical
clinical picture of chronic lead poisoning was not described, while the
toxicity of lead was indeed appreciated. Nicander’s poem describing
acute lead poisoning appeared in the second century BC but Paul of
Aegina’s description of recognizable chronic poisoning did not appear
until the seventh century AD. Vague descriptions of abdominal pain
and muscular weakness by Pliny the Elder and Vitruvius do not consti-
tute convincing evidence of the community’s appreciation of lead poi-
soning. It is possible that gout, common in Roman times, could,
however, have been a manifestation of subclinical lead poisoning.

Archeological evidence based on skeletal bone lead confirms that
the mean lead content of the Roman population was less than half
that of the modern European [21]. This does of course not mean that
episodes of lead poisoning did not occur or that lead poisoning could
not have occurred endemically in parts of the Empire. The affluent
Roman took in more lead than the less privileged. Studies from
Augsburg and Britain showed skeletal lead contents comparable with
that of Rome. While lead contamination in antiquity was predomi-
nantly the result of oral intake, it was probably supplemented by pul-
monary contamination from lead fumes in foundries. The high skeletal
lead content of the modern European is the result of inhalation of
lead-containing petrol fumes [9].

In summary, we accept that increased lead production occurred dur-
ing the second millennium BC, reaching a peak during the Roman
Empire. This caused significant contamination of the population and the
affluent citizenry in particular. Although clinical lead poisoning probably
occurred sporadically, archeological evidence indicates that the mean
skeletal lead content of the population was less than half that of the mod-
ern European in the same countries. The typical clinical picture of
chronic lead poisoning was not described before the seventh century AD.
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It is thus unlikely that lead poisoning played a significant role in the
decline and fall of the Roman Empire toward the fifth century AD.
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CHAPTER 1212
Poisons, Poisoners, and Poisoning in
Ancient Rome

Louise Cilliers and Francois Retief

12.1 SOURCES

Our knowledge of poisonous substances known to the ancient Romans
is derived from the records of various contemporary writers. The
Greek scholar, Theophrastus, associate and successor of Aristotle as
head of the Lyceum (fourth century BC) led the way in identifying
plants with medicinal (and poisonous) properties. In the first century
AD, Dioscorides of Anazarbus wrote his famous herbal, De material
medica, which superseded all existing literature in classifying remedies
and drugs from the vegetable, animal, and mineral kingdoms. This
work, which dealt with close to 1000 drugs, became the standard text
for centuries to come. Information on poisons can also be gleaned
from the writings of the poet Nicander (second century BC), the army
physician Scribonius Largus (1�50 AD), the encyclopedist Pliny the
Elder (23�79 AD), another encyclopedist, Cornelius Celsus (first cen-
tury AD), and the famous physician and philosopher Galen (second
century AD) [1].

The Latin word venenum is ambiguous and can mean remedy or
poison. In fact, in a Roman court jurists demanded that the user of the
word venenum must add whether it was beneficial or harmful [2]. The
ambiguity is due to the fact that the difference between remedy and
poison did not necessarily lie in the substance itself but in the dosage.
This is clearly illustrated by Dioscorides when he describes the proper-
ties and uses of the opium poppy (Papaver somniferum), widely
employed as a soporific and analgesic; he cautions that if administered
in a more concentrated form and greater dosage, it plunges the patient
into lethargy and stupor and can even kill. Thus, although in the six-
teenth century Paracelsus more formally articulated the principle that
the dose makes the poison, it was understood in practice well before
his time.
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12.2 POISONS

Poisons were of vegetable, animal, or mineral origin [3].
Vegetable poisons were best known and most frequently used. They
included plants with belladonna alkaloids such as henbane, thorn
apple, deadly nightshade, mandrake, aconite, hemlock, hellebore, yew
extract, and opium. It has been suggested that cyanide was in Roman
times extracted from the kernels of certain fruits like almonds, but
strychnine was unknown to the ancients. The use of figs and mush-
rooms to dispose of a person was almost certainly based on applying
poisons to these foods. If inherently toxic mushrooms had been used,
the rapid death of the victim would implicate the Amonita muscaria or
Amonita pantherina kind. Mandragora (mandrake is the common
name for this plant genus), with its human-like root, was steeped in
superstition: there was a widely shared belief that gathering the root
was dangerous, as the plant, when uprooted, uttered a shriek, which
caused the death or insanity of those who heard it. However, it was
one of the first drugs used effectively as anesthetic and analgesic,
rather than as a fatal poison [4]. Hemlock was well known in antiquity,
and used as early as the fifth century BC by the law courts of Athens as
a legal mode of execution. Socrates died this way in 399 BC. It causes a
gradually ascending paralysis and in the end asphyxia when the respi-
ratory organs become paralyzed, and is said to result in an easy and
painless death [5]. Aconite was referred to as “the stepmother’s poison”
or the “mother-in-law’s” poison. It was probably used extensively. As
little as 3�6 mg is lethal for an adult. It causes rapid onset of symp-
toms of death due to cardiovascular collapse and respiratory paralysis.

Mineral poisons, for example, salts of lead, mercury, copper, arse-
nic, and antimony, were known but virtually never used. Fumes from
the lead smelting process and from silver and gold mines were recog-
nized as toxic. Poisonous animals were studied by Nicander in his two
books on antidotes. The poisons included the venoms of snakes, scor-
pions, spiders, and insects such as the Spanish fly, as well as such
unlikely “poisons” as bull’s blood, toads, and salamanders.

The ancients differentiated between three kinds of poisons, namely
acute poisons killing rapidly, chronic poisons causing physical deterio-
ration, and chronic poisons causing mental deterioration. Professional
poisoners like Locusta, Martina, and Canidia, the infamous trio of
women poisoners in Roman times, were often requested by their clients
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to prepare poisons to suit their specific needs [6]. Poisons were usually
administered with food or drink—and for this reason official tasters,
praegustatores (slaves or freedmen), were employed by the nobility and
the wealthy. They became so common that they formed a collegium
with a procurator praegustatorum. Poisons were also administered by
way of enemas, poisoned needles, or a poisoned feather to induce
vomiting, as in the case of Emperor Claudius.

12.3 POISONS USED

Pinpointing drugs used in murders (or suicides) recorded in history is
difficult, especially when done retrospectively. Descriptions of the
mode of death and post mortem changes considered typical of poison-
ing, for example, darkening of the skin and early bloating due to
delayed putrefaction, are hardly reliable when related by historians
whose sources were at best secondhand. Furthermore, it is likely that
combinations of substances were used � it was believed that more sub-
stances would be more effective.

In the vast majority of poisonings recorded in ancient Rome, we do
not know the nature of the poison or poisons used. However, in the
following instances, specific poisons were mentioned [7]:

i. Catuvolcus, the British king mentioned in Caesar’s writings, com-
mitted suicide by drinking the sap of the Yew tree.

ii. The emperor Claudius was killed by poisonous mushrooms or,
more probably, poisoned mushrooms.

iii. The philosopher Seneca, forced by Nero to commit suicide, took
hemlock (after unsuccessfully cutting his wrists).

iv. In his novel, Metamorphoses (also known as The Golden Ass),
Apuleius tells of a young man rendered unconscious by
mandragora.

v. Rumors claim that the emperor, Titus, was poisoned with sea-hare
(a marine gastropod) by his younger brother Domitian.

vi. Commodus, son of the emperor Marcus Aurelius, killed the
Praetorian Prefect, Motilenus, with poisonous figs or poisoned figs.

vii. In his satires, Juvenal tells of the woman, Pontia, who boasted
among her friends of her ability to kill with aconite. Plutarch, on
the other hand, tells of one Orodes who was cured of dropsy by
taking aconite.
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12.4 INCIDENTS OF POISONING DURING THE ROMAN
REPUBLIC

The following survey of recorded crimes of poisoning reveals the per-
vasive influence of contemporary sociopolitical circumstances, as well
as superstition.

The first recorded incident of poisoning in Rome can be traced back
to 331 BC. The city was stricken by a serious pestilence, and rumor had
it that the high mortality rate was partly due to poisoning. Though not
convinced of the truth of this story, the historian Livy states that a ser-
vant girl informed the curule aedile that a number of married women
conspired to kill a great number of men by means of poison. Twenty
prominent women were arrested, but during the trial they stated that
they were preparing medications, not poison. When the women were
asked to drink these medications themselves, they asked for time to
deliberate the request, but soon returned and drank the potion; all died.
Eventually, 170 other women were found guilty and executed [8].

During the Second Punic War, the city of Capua revolted against
Rome, hoping that Hannibal would come to their aid. It did not hap-
pen, and in 211, Capua was taken after a siege. Knowing that they
could not expect any mercy, the leader, Virrius, decided to commit sui-
cide, and tried to persuade the senate to do the same. Twenty-seven of
the 80 senators complied, and followed Virrius to his home. A meal
was prepared during which much wine was imbibed, followed by the
poison. They then movingly bade each other farewell and departed to
their respective homes. When the Romans entered the city the next
morning, the 27 senators had all died. The remaining 53 senators were
executed by the Romans [9].

The historian Livy relates the following moving incident: near the
end of the Second Punic War the Roman general, Scipio, defeated the
Numidian king, Syphax. Syphax’s wife, Sophonisba, had in the mean-
time become involved with Masinissa, one of Scipio’s generals. In a
desperate attempt to prevent his beloved from being made a Roman
captive, Masinissa married Sophonisba. However, just after the cere-
mony, he was informed that the marriage would not save her. He thus
went to his tent and prepared a poisonous potion which he sent to
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Sophonisba with the message that his commander had robbed him of
the opportunity of fulfilling the first promise that he as bridegroom
owed his bride, but that he would stand by his second promise, namely
to provide her with the opportunity of evading Roman captivity. She
drank the potion and, in a last message to Masinissa, commented on
the irony that the same day would commemorate her unconsummated
marriage and burial [10].

In 154, two ex-consuls were poisoned by their wives. The senators
were becoming uneasy, and assumed jurisdiction over all cases requir-
ing public investigation, such as treason, conspiracy, assassination, and
poisoning. At the end of the second century, a court dealing with cases
involving poisoning was instituted, and in 80 BC the dictator Sulla pro-
mulgated various laws against poisoning. A person would henceforth
be guilty if he prepared, sold, or had in his possession dangerous sub-
stances [11].

Cicero’s speeches provide further evidence of the high incidence
of poisoning in his time. In one of the court cases he refers to
Oppianicus, who poisoned his wife, brother, and pregnant sister-in-law
in order to inherit money; other cases involve Domitius, who murdered
his cousin, Fabricius, who wanted to poison a friend, and Catiline,
who was guilty of poisoning various people [12].

Pliny tells us that before the battle of Actium (31 BC) Marcus
Antonius was so suspicious that he refused any food from Cleopatra
unless it was tasted by his personal bodyguard. The queen, however,
managed to smuggle a poisoned jug past the bodyguard, but at the last
moment, because of her love for Antony, prevented him from drinking
it. The cup was then given to a prisoner, who immediately died after
drinking it. Plutarch is responsible for the story that Cleopatra com-
mitted suicide by the bite of an adder, but it is more likely that she
took poison—a snake large enough to kill the queen and two ladies in
waiting would have been too large to smuggle past the guards posted
there by Octavian to prevent her from committing suicide [13].

This brings us to the end of the Republican era. Four years after
the battle of Actium, Octavian became Augustus, the first emperor of
the Roman Empire.
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12.5 POISONERS AND INCIDENTS OF POISONING
DURING THE EMPIRE

12.5.1 Augustus (27 BC�14 AD)
The Julio-Claudian dynasty, which started with Augustus, was infa-
mous for numerous cases of poisoning occurring in the imperial family.
Livia, the formidable wife of the emperor, was said by the second
century AD historian, Dio Cassius [14], to have poisoned Augustus’s
grandchildren, Gaius and Lucius Caesar, in order that her own son,
Tiberius, would succeed the emperor. There was also a rumor that she
had poisoned her aged husband with poisoned figs, but there is no evi-
dence for this [15]. A scandal was exposed when a friend of Augustus,
Nonus Asprenas, was arraigned in the senate for the poisoning of 130
guests at a dinner party.

12.5.2 Tiberius (14�37 AD)
In 19 BC, Tiberius’s nephew, the popular general Germanicus, died in
Asia Minor amid suspicious circumstances, after a quarrel with the
governor, Piso, and his wife, Plancina. Germanicus’s wife, Agrippina,
and his friends stated that he was poisoned by Piso, helped by the
infamous poisoner, Martina. The case was referred to the senate in
Rome, but on her way to Rome, Martina suddenly died; her body showed
no signs of suicide, but during the autopsy, poison was discovered, con-
cealed in a knot in her hair. Poisoning could not be proved during the
trial, but Piso was heavily censured and then committed suicide [16].

In 23 AD, Tiberius’s son, Drusus, died after a long illness. It was
later revealed that he was poisoned by the Praetorian Prefect, Sejanus,
who was the lover of the victim’s wife, Livilla. Sejanus’s wife affirmed
under torture that Livilla had prepared a poison which had the effect
of physical deterioration over a long period [17]. It is ironic that
Germanicus, who probably died a natural death, was believed to have
been poisoned, while Drusus, who was poisoned, was believed to have
died a natural death.

Sejanus then overreached himself by trying to take over the govern-
ment while Tiberius was in Capri, but the plot was exposed, and
Sejanus and his supporters were all arraigned and executed. Tiberius
now became increasingly paranoid and Tacitus relates that many peo-
ple were accused of treason during mass trials, and committed suicide
by poisoning to prevent their families from losing their possessions to
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the accusers. When the emperor died in Capri, there were rumors that
he was poisoned by Gaius (Germanicus’s son), but there is little evi-
dence for this [18].

12.5.3 Gaius (Caligula) (37�41 AD)
Dio Cassius tells that this mentally disturbed emperor collected poisons
and killed gladiators, jockeys, and horses in his attempt to manipulate
these sports in order that his favorites could win [19]. The satirist,
Juvenal, claims that his insanity was the result of a love potion admin-
istered by his wife, Caesonia [20].

12.5.4 Claudius (41�54 AD)
Claudius probably suffered from congenital cerebral palsy but proved
an unexpectedly efficient emperor. Dio Cassius relates that he dumped
Gaius’s poisons into the sea, which caused the death of scores of fish
[21]. It is generally believed that his fourth wife, Agrippina, poisoned
him with poisonous or poisoned mushrooms obtained from the poi-
soner Locusta, to make room for her son, Nero. The 65-year-old ailing
emperor did not die immediately, and the physician Xenophon had to
use a poisoned feather, ostensibly to make him vomit to get rid of the
poison, to finally dispatch him [22].

12.5.5 Nero (54�68 AD)
After the accession of Nero, poisoning among the aristocracy showed a
marked increase. The first years of this emotionally unstable young
emperor’s reign, when the philosopher Seneca was his counselor, were
irreproachable, but Seneca’s influence started waning as Nero grew up.
Seneca was eventually unfairly accused of conspiracy and forced to
commit suicide by poison; after opening his arteries he took hemlock
which also did not have the desired immediate effect and he was thus
smothered in a steam bath [23]. The later years of Nero’s principate,
when he was under the influence of the evil Tigellinus, Prefect of the
Praetorian Guard, became an orgy of murders. The historians
Suetonius [24], Tacitus [25], and Dio Cassius [26] tell of the deaths (by
poison) of Nero’s stepbrother, Britannicus; Silanus, governor of Asia;
Domitia, his aunt whose riches he desired; Burrus, Prefect of the
Praetorian Guard; and Pallas and other freedmen. Nero also got rid of
his meddlesome mother, Agrippina, but could not use poison since she
had for some time been using antidotes to make her immune; he thus
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had her brutally beaten to death after she had swum to shore when the
planned shipwreck which was to have disposed of her went awry [27].

Nero’s poisons were usually prepared by Locusta. Her death penalty
was suspended after the murder of Britannicus and various others, and
she was appointed the emperor’s adviser on poisons, and allowed to
establish a school of poisoning where she could train others in her art.
Locusta tested her poisons on animals and convicted criminals [28].

12.5.6 The Flavian Dynasty (69�96 AD)
According to historians the number of poisonings decreased after
Nero’s death, but there were still some incidents during the next two
centuries which will be dealt with. After Nero came the notorious Year
of the Four Emperors (69) with armies from all over the empire trying
to raise their generals to the throne. Then followed the Flavian
dynasty, of which the cruel, unstable younger son, Domitian, became
emperor in 81 AD. He was accused of poisoning his elder brother, the
emperor Titus (who died unexpectedly at the age of 42), with sea-hare
(a marine gastropod). It is, however, more likely that Titus died of
malaria while besieging Jerusalem [29]. Another suspicious death was
that of Agricola, the popular Roman governor in Britain, who died in
93 amid suspicious circumstances. It was well known that Domitian
was jealous of him, and when physicians from Rome visited Agricola
during his last illness, the rumor originated that the emperor had
arranged that he be poisoned. However, Tacitus could find no conclu-
sive evidence [30].

12.5.7 Hadrian (117�138 AD)
This capable emperor had an unhappy married life, probably because
of his homosexual inclination. When his wife, Sabina, died in 136 AD,
it was widely believed that he had poisoned her. At a later stage when
the emperor himself suffered from serious edema, he tried to commit
suicide but the weapon was taken from him; he then asked his physi-
cian to provide poison, but rather than accede to the request, the
physician killed himself [31].

12.5.8 Commodus (180�192 AD)
Unlike his father, Marcus Aurelius, Commodus was a failure as
emperor. It is said that he poisoned the Prefect of the Praetorian
Guard, Motilenus, with poisoned figs. Eventually, during a conspiracy,
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Commodus’s favorite concubine, Marcia, tried to poison him, but the
poison only made him drowsy, and thereafter he began vomiting.
When it became evident that he was not going to die, he was strangled
by the athlete Narcissus [32].

12.5.9 Caracalla (211�217 AD)
Caracalla’s reign began with the murder of his brother, Geta, who was
designated co-emperor in the will of their father, Septimius Severus.
Geta was popular and had many supporters, who were mercilessly
dispatched after his death, mostly by sword, but also by poisoning. It
was said that 20,000 people died during Caracalla’s reign [33].

12.6 CONCLUSION

The survey of recorded crimes by poison underlines the pervasive influ-
ence of contemporary sociopolitical circumstances [34]. Incidents of
poisoning in early Rome usually coincided with crises such as wars
and epidemics; superstition and the belief that scapegoats would solve
the problem would have been determining factors. This phase was
gradually superseded by a very well-documented era in which countless
individual cases of poisoning are reported, and which reached a peak
during the reign of the Julio-Claudian emperors in the first century AD.
Apart from the influence of personal factors such as paranoid and
mentally unstable emperors, the transition from Republic to Empire
was a politically unstable period which created much tension, and
thwarted ambition led to numerous political intrigues and murders.
During the reign of the so-called Five Good Emperors in the second
century AD, commonly regarded as the most prosperous period in
Roman history, there was a significant decline in poisoning and sui-
cides by poison. Granted that this period is less well documented, the
political stability of this era, which would have brought a greater
degree of peace of mind, could have been a determining factor in the
decline of violent deaths.
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