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Abstract
Modern human need for medicines is so extensive that it is thought to be a deep evolutionary behavior. There is abundant
evidence from our Paleolithic and later prehistoric past, of survival after periodontal disease, traumas, and invasive medical
treatments including trepanations and amputations, suggesting a detailed, applied knowledge of medicinal plant secondary
compounds. Direct archeological evidence for use of plants in the Paleolithic is rare, but evidence is growing. An evolutionary
context for early human use of medicinal plants is provided by the broad evidence for animal self-medication, in particular, of
non-human primates. During the later Paleolithic, there is evidence for the use of poisonous and psychotropic plants, suggesting
that Paleolithic humans built on and expanded their knowledge and use of plant secondary compounds.
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Introduction

Humans love medicines (Sullivan et al. 2010). Expenditure on
pharmacological drugs was US$455.9 billion in the USA in
2017 (Schumock et al. 2017) while global spending on phar-
maceuticals was a startling US$1.25 trillion in 2019 (Mikulic
2020). Many modern human groups in traditional societies
continue to rely heavily on their pharmaceutical knowledge
of wild plants and demonstrate astounding levels of knowl-
edge, for example in New Guinea, use of 1035 plant species
was recorded in the 1970s, of which 332 species from 99
different families were used specifically for their medicinal
compounds (Powell 1976). Still, in 2002, over 80% of people
in developing countries continued to rely on plants for their
medicinal requirements (Ssegawa and Kasenene 2007).

The extent of the human desire for medicines suggests this
may be an evolutionary behavior (Johns 1990; Sullivan et al.
2010), while a study of some modern medicinal plants that
linked the useful medicinal compounds of certain plants to the
way they were used in three separate regions of the world

provides an indication of the antiquity and efficacy of their use
(Saslis-Lagoudakis et al. 2012). However, searching for evi-
dence of use of medicines in the archeological record is chal-
lenging; plant remains only rarely survive into the deep
Paleolithic past, and when they do survive, it can be hard to
demonstrate deliberate medicinal application. The only other
way to obtain direct empirical evidence for the use of medicinal
plants is through recovery and analysis of biomolecular com-
pounds that can be present in residual material such as human
dental calculus or on artifacts, such as bags, pots, or tools. In
order to reach an approximation of the likelihood of self-
medication in the deep human past, we need to look at the
broader, evolutionary context.

The Paleolithic began some 3.4 million years ago coinciding
with the earliest evidence of manufactured stone tools. During
the Lower (3.4 million–300,000 years ago) and Middle
Paleolithic (300,000–45,000 years ago) periods, the world
was occupied by several hominin species (Homo spp.).
Evidence for these has been found in Africa, Asia, and
Europe. In the Middle Paleolithic, Neanderthals occupied
Europe, Central and South West Asia, and southern Siberia
while evidence for another species or subspecies of hominin,
Denisovans, has been found across Asia during this period
(Douka et al. 2019; Reich et al. 2010, 2011). At approximately
the same time period, in Africa, the Middle Stone Age popula-
tion comprised archaic and modern Homo sapiens. H. sapiens
spread from Africa, reaching South West Asia around
100,000 years ago, Europe around 45,000 years ago, through
South East Asia and into Australia by 50,000 years ago
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(Dennell 2020). Neandertals ultimately disappeared around
39,000 years ago (Higham et al. 2014) though some interbreed-
ing had occurred with the local H. sapiens population
(Sankararaman et al. 2012). The timing of the colonization of
America remains unclear though it is thought to have occurred
at some point during the last glacial period when lower sea
levels exposed the Bering land bridge between Siberia and
Alaska (Braje et al. 2017; Moreno-Mayar et al. 2018).

Here, I will outline the archeological evidence for success-
ful treatment of medical problems and for use of medicinal,
poisonous, and psychoactive plant in the prehistoric past. I
will then summarize the broad evolutionary context of early
human self-medication and end by discussing the implications
of this and its relationship with modern human behavior.

Discussion

Physical Evidence for Successful Treatment of
Ailments

Reconstructing the past using archeology is an inexact science
that relies on recovery of partial evidence in the form of unquan-
tifiable archeological remains, making the role of context of
primary importance. An example of this can be found at the
19,000-year-old site of Ohalo II, Israel, where a brushwood
hut was reconstructed, based on the archeological association
of the charred remains of branches and leaves that formed the
shape of an oval structure, within which many materials such as
piles of fishbones and a grinding stone were found (Nadel and
Werker 1999). Human bones are a good source of information
from the past and the prehistoric archeological record is rich in
evidence for accidents, illnesses, and trauma and for survival of
individuals with pathologies, including among Paleolithic pop-
ulations. These include dental issues, abscesses, and many dif-
ferent types of injuries, including blunt force injuries and bone
fractures, osteoarthritis, periostitis, and wounds (Spikins et al.
2019). The earliest archeological evidence for long-term surviv-
al of a visibly non-optimum individual in the human evolution-
ary past is from Dmanisi, Georgia. This individual, who was a
member of a subspecies of Homo erectus, lived around 1.7
million years ago and survived for several years having suffered
periodontal disease and lost all their teeth (Lordkipanidze et al.
2005). If periodontal disease is not treated, it can cause brain
abscesses as well as cardiovascular disease and some cancers.
The survival of this individual may have been down to extraor-
dinary luck, but the use of antibacterial plants may well have
saved them. There is abundant evidence for dental problems
throughout the archeological record and attempts at treating
these currently represent the earliest evidence for invasive med-
ical treatment. From Homo habilis (2.4–1.6 million years)

onwards, there are many examples of interproximal grooves,
or deep scratches in teeth that have been interpreted as evidence
for tooth picking (Ungar et al. 2001; Gracia-Téllez et al. 2013;
Lozano et al. 2013; Sun et al. 2014). This is supported by the
presence of non-edible wood fragments, recovered from the
dental calculus of Paleolithic individuals in association with
interproximal grooves from the 1.2-million-year-old hominin
from Sima del Elefante, Spain (Hardy et al. 2017), and an ex-
ample from a 49,000-year-old Neanderthal from El Sidrón,
Spain (Hardy et al. 2012). Here, the wood fragment was found
adjacent to evidence for a tooth abscess (Radini et al. 2016). A
Neanderthal individual from the site of Krapina in Croatia, and
dated to around 130,000 years ago, has evidence for interprox-
imal grooves as well as dental probing on several teeth. These
are thought to be linked to the evident dental problems including
rotation and fractures, seen in the teeth of this individual (Frayer
et al. 2017). Further evidence for dental treatment can be found
in the Late Upper Paleolithic where scraping inside a dental
carious lesion, suggesting invasive treatment, was identified in
a skeleton dating to around 14,000 years ago (Oxilia et al. 2015).

One of the best-known groups of Neanderthals to display
evidence for survival following trauma is from Shanidar, Iran,
where four individuals some of relatively advanced age, and
dated to between 65,000 and 35,000 years ago, had suffered a
range of injuries fromwhich they had recovered and lived, some-
times for several years, with little obvious after-effects of infec-
tion (Trinkaus and Zimmerman 1982). It is unlikely this could
have occurredwithout use of antibacterial plants. Near the graves
at Shanidar, clusters of pollen from several plants, including a
member of the genusEphedra, Ephedraceae, identified as having
significant medicinal properties, led to the suggestion that these
had been deliberately placed (Solecki 1975; Leroi-Gourhan
1975); however, whether the plants were intentionally deposited
is doubtful as it could be due to rodent activity (Sommer 1999).
Of the bioactive alkaloids found in Ephedra (at concentrations of
0.02–3.4%), the most common is ephedrine (1); these ephedrine-
type alkaloids are responsible for the stimulant and thermogenic
effects of the crude drug, which also included antioxidant and
antimicrobial properties (Elhadef et al. 2020).

Surgical procedures from which individuals have recovered,
including amputation and trepanation, are relatively common in
later prehistory. The earliest known healed trepanation was de-
tected on a 50-year-old male from the site of Vasilyevka II,
Ukraine, and dates to the Mesolithic (late hunter gatherer) period
around 8020–7620 years ago (7300–6220 BC) (Lillie 1998)
while further examples from the subsequent Neolithic period
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have been recorded (Alt et al. 1997). A well-healed double skull
trepanation on an individual from Italy, dated to 5000 years ago,
is thought to have been conducted to treat chronic osteomyelitis
(Petrone et al. 2015). Altogether, there are approximately 1500
examples of trepanation in the prehistoric archeological record
(Faria 2015). Most of these are found in Andean South America
where over 1000 examples have been identified (Verano 2003).
Currently, the oldest known example of an individual who sur-
vived amputation of the left arm, as demonstrated by healed
cicatrices, is from the Neolithic site of Buthiers-Boulancourt,
France, almost 7000 years ago (4900–4700 BC) (Verano et al.
2000; Buquet-Marcon et al. 2007). The evident complexity of
some surgical procedures and themany examples of healing after
trauma and overcoming infections suggests a mastery in the use
of medicinal plants.

As well as the pain these would cause, any form of injury,
from a broken bone to a small scratch, a lost tooth, or a burn as
well as internal infections resulting from food poisoning, urinary
tract infections, ie pneumonia, if untreated, can lead to tetanus,
septicemia, acute respiratory distress syndrome, and sepsis. All
of these can rapidly become life-threatening. Likewise, there is a
vast number of human pathogens comprising viruses, bacteria,
fungi, and prions that can cause disease in humans. Current well-
known viruses include HIV, Ebola, and Covid-19, all of which
affect modern human populations. In the relatively recent past,
the Variola spp. (smallpox) virus, together with others including
measles (rubeola), decimated around 90% of the Native
American population (Roberts 1989). The bacterium Yersinia
pestis, which caused three major outbreaks of bubonic plague
between AD 541 and the early part of the twentieth century,
killed hundreds of millions of people (Benedictow and
Benedictow 2004; Wagner et al. 2014; Mordechai et al. 2019).
Though bacteria are more virulent in warmer environments, the
temperature range at which most are active is between 5 and
60 °C which encompasses most of the hominin (Paleolithic pe-
riod Homo spp.) inhabited zones. Additionally, parasites such as
the Plasmodium parasite that causes malaria as well as a wide
range of intestinal parasites also have high levels of morbidity if
not treated while gastroenteritis, which affected around 2 billion
people and caused approximately 1.3 million deaths worldwide
in 2015 (Vos et al. 2016), is caused by a range of viruses, bac-
teria, parasites, and fungi. While humans are still unable to with-
stand some pathogens, it is unlikely that the hominin lineage
could have survivedwithout mechanisms to control at least some
of these, as many animal species do.

Archeological Evidence for Use of Secondary
Metabolites

Medicines

The presence of animal produce in close contact with living
areas, which is found almost universally on Paleolithic sites,

suggests that these were ripe environments for pathogens
though, until recently, detection of illness in Paleolithic pop-
ulations has largely been restricted to skeletal evidence. Now,
DNA analyses of dental calculus have begun to identify path-
ogenic bacteria among past populations. The use of medicinal
plants is likely to have formed an integral part of Paleolithic
life, though recovering evidence for this is rare (Hardy 2018,
2019). Hardy et al. (2012) extracted biomolecular evidence for
two volatile oil-rich plants from the family Asteraceae,
Achillea millefolium L. (common yarrow) and Matricaria
chamomilla (L.) Rydb. (chamomile), both of which have me-
dicinal but no nutritional properties, from the dental calculus
of a 49,000-year-old Neanderthal individual from El Sidrón,
north Spain, by using sequential thermal desorption-gas chro-
matography-mass spectrometry and pyrolysis-gas chromatog-
raphy-mass spectrometry (Fig. 1). This dental calculus sample
was particularly notable for the presence of azulene and cou-
marin derivatives. The presence of chamazulene (2) is remark-
able since, together with herniarin (3), it occurs in yarrow and
chamomile. Chamazulene is an artifact formed from matricin
(4), a sesquiterpene lactone present in the flowers. These com-
pounds are responsible, in conjunction with polyphenols and
flavonoids, for the anti-inflammatory and bactericidal effect of
the raw material (Singh et al. 2011).

In a subsequent study that analyzed the DNA preserved in
the dental calculus from the same individual, Weyrich et al.
(2017) identified a parasite that causes acute diarrheal infec-
tions (Enterocytozoon bieneusi) and several pathogenic oral
microbial species in association with the visible signs of a
dental abscess. Weyrich et al. (2017) also recovered DNA
evidence for further plants withmedicinal properties including
a species of poplar, Populus trichocarpa Torr. & A. Gray ex
Hook., Salicaceae, as well as plant fungal pathogens including
Penicillium rubens, suggesting that the individual might have
been treating the abscess, while a significant presence of the
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mushroom Coprinopsis cinerea that has antibiotic properties,
in a Neanderthal individual from the site of Spy II, in Belgium
is also suggestive of self-medication. However, inmany cases,
the boundary between “food” and “medicine” is unclear, and
where plants have both medicinal and edible properties, iden-
tification of the use of these for their medicinal properties is
challenging. Yet when something unexpected has been
ingested, we can ask why and try to find the best fit. While
we cannot “prove” the plants were ingested for medicinal
purposes, when viewed within the evolutionary and
archeological contexts for self-medication (Hardy et al.
2013, 2016), the evidence can be compelling. For example,
the correlation between the presence of the intestinal and oral
pathogens, a tooth abscess (Weyrich et al. 2017) and con-
sumption of medicinal plants, and fungi with antibacterial,
antiseptic, and anti-inflammatory properties in the El Sidrón
individual, strongly suggests that these are all linked, particu-
larly since none of the identified plants has any nutritional
properties.

Samples of dental calculus from the multiperiod site of Al
Khiday, in Sudan, were degraded to extract chemical com-
pounds (Buckley et al. 2014). These revealed a consistent
presence of Cyperus rotundus L., Cyperaceae, a plant that is
both edible and has abundant medicinal properties.
Interestingly, this site covers the period in which agriculture
was introduced and replaced hunting and gathering as the
predominant food collection strategy. Yet, the use of
C. rotundus continued and, though it is a good source of
carbohydrates, the new agricultural plants would have largely
replaced this with more easily accessible availability of these
essential macronutrients. Among the useful medicinal proper-
ties of the tubers of C. rotundus is the ability to inhibit

Streptococcus mutans, a leading source of tooth decay (Yu
et al. 2007; Khojaste et al. 2018). There was an unusually
low level of dental caries in the population of Al Khiday,
and the broad consumption of C. rotundus may have witting-
ly, or unwittingly, contributed to this (Buckley et al. 2014).
The antibacterial properties of the tubers are a consequence of
the identified flavonoids and sesquiterpenes, e.g., rotundone
(5).

The Late Upper Paleolithic site of Taforalt, Grotte des
Pigeons, Morocco, is renowned for the serious oral patholo-
gies of virtually all individuals, as well as its abundant remains
of starchy plant foods dating to between 15,100 and
14,000 years ago (Humphrey et al. 2014). All of the most
common plants recovered at the site are rich sources of starchy
carbohydrates and the abundance of their remains suggests
that consumption of these may have been a cause for the bad
state of the inhabitants’ teeth. However, another plant that was
also abundant on the site is Juniperus phoenicea L.,
Cupressaceae; while also a source of starchy carbohydrates,
it is also rich in the sesquiterpene, thujopsene (6), that has
important antifungal, antiseptic, and anti-inflammatory prop-
erties. Though it did not cure the people of their dental health
problems, it is likely that this plant was used to alleviate some
of their symptoms (Hardy 2019).
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More broadly, a study of a small number of Paleolithic sites
that have significant plant assemblages demonstrated consis-
tently that the wide variety of species present cannot be ex-
plained solely as food (Hardy 2019). Only plant remains that
could be identified to species level were included in the study,
and these were divided into three categories: plants that were
edible with no significant medicinal properties, plants that had
both edible and medicinal properties, and plants that had only
medicinal properties (and could also be poisonous). An anal-
ysis of the plant remains from the archeological contexts of
five Paleolithic sites (Gesher Benot Ya’aqov (GBY)
780,000 years ago, Kebara, 60–48,000 years ago, Ghar e
Boof, 33–30,000 years ago, Ohalo II 23–19,000 years ago,
Abu Hureyra, 31–9000 years ago, Netiv Hagdud, 11,000–
10,000 years ago, Atlit Yam, 10,500–8000 years ago) has
shown that there is a far higher proportion of plants containing
important medicinal properties than would be present in a
natural distribution (Fig. 2). An example is the milk thistle,
Silybum marianum (L.) Gaertn., Asteraceae, renowned for its
use today to treat liver problems, and present at three sites
(GBY, Ohalo II, Atlit Yam) (Fig. 3). The proportion of plants
that had only medicinal (and potentially poisonous) properties
ranged from 6 to 33%, rising significantly at the start of the
Neolithic period 11–9000 years ago, suggests more extensive
mechanisms for social transmission at this time (Fig. 4).

After the Paleolithic, there is more evidence of both surviv-
al with pathologies and, in some exceptional cases, actual
remains of medicinal plants. The mummified body of a
4500-year-old man, thought to be around 40–50 years old
when he died, was found in 1991 in the Italian Alps (Gaber
and Künzel 1998). Nicknamed Ötzi, he had multiple

pathologies, including periodontitis, healed rib fractures, in-
testinal parasites, and gall stones. He also had some degener-
ative joint disease, mild osteoarthritis, and a healed broken rib
as well as several peri-mortem injuries (Zink et al. 2019).
Sixty-one tattoos in nineteen groups were found on his body
(Samadelli et al. 2015), all related to known acupuncture
points suggesting preventative medicinal measures, while
fragments of plants, including the bracken fern Pteridium
aquilinum (L.) Kuhn, Dennstaedtiaceae (treatment: intestinal
parasites), several mosses including Sphagnum imbricatum
Hornsch. ex Russow., Sphagnaceae (treatment: wound dress-
ing) and fungi like birch polypore, Piptoporus betulinus
(Bull.) P. Karst., Fomitopsidaceae (anti-inflammatory and

Fig. 2 Proportions of plants with
medicinal compounds from
Paleolithic sites, against modern
averages (data taken from Hardy
2019)

Fig. 3 Silybum marianum (L.) Gaertn., Asteraceae. Image taken at the
780,000-year-old site of Gesher Benot Ya’aqov (GBY), Israel, February
2019. Many of the plants found in the archeological site are present today
in the surrounding area
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antibiotic properties) were found either as part of his equip-
ment or in his stomach and are thought to have been used as
medicines (Zink et al. 2019). The very detailed study of this
mummified individual has provided a unique insight into the
extent of both preventative and curative medicine from the
Bronze Age (Fig. 5).

One of the earliest sites in the American continent is Monte
Verde, in Chile, that was occupied from at least 18,500–
14,500 years ago (Dillehay et al. 2015). This site has a large
assemblage of carbonized plants, of which a significant num-
ber, including several species of seaweed, are thought to have
been collected for their medicinal properties while the remains
of a structure are thought to be a medicinal hut (Dillehay 1997,
Dillehay et al. 2008, Dillehay et al. 2015). Traces of the me-
dicinal San Pedro cactus, Echinopsis pachanoi (Britton &
Rose) Friedrich & G.D. Rowley, Cactaceae, were found at
Guitarrero Cave, Peru, and dated to around 10,000 years ago
(8600–5600 BC; Lynch 1980). Medicinal uses including

treatment for ulcers, wounds, inflammation acne, and fortify-
ing hair have been recorded ethnographically (Bussmann and
Sharon 2006; Paniagua-Zambrana and Bussmann 2020), and
it also has hallucinogenic properties (Guerra-Doce 2015) due
to its high content of mescaline (7), a protoalkaloid of the
substituted phenethylamine class.

Reinhard et al. (1991) developed the use of pollen extracted
from human coprolites to develop studies of paleopharmacology
from North and South American archeological sites. The use of
pollen as evidence of deliberate plant ingestion is complex, since
it occurs as “rain” and can be environmental; however, high

Fig. 5 Tyrolean Iceman (Ötzi). ©
South Tyrolean Museum of
Archaeology/EURAC/Marco
Samadelli-Gregor Staschitz.
Injuries, ailments, and tattoos
found on the frontal upper body
(data taken from Zink et al. 2019
and Samadelli et al. 2015)

Fig. 4 Relative proportions of
plants with edible, edible and
medicinal, and medicinal (and
sometimes poisonous) plants,
over time (data taken from Hardy
2019)
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concentrations are suggested to indicate intentional consumption
(Reinhard et al. 1991). Using this method, several studies of
prehistoric and pre-Hispanic populations in the American conti-
nent have identified possible ingestion of a range of medicinal
plants, sometimes in association with evidence for intestinal par-
asites. Examples include sites in North America (Reinhard et al.
1991) (Ephedra sp., Larrea sp., Salix sp.; Sobolik and Gerick
1992, Ephedra sp., Prosopis sp.), and South America, including
Furna do Estrago, Pernambuco State, Brazil (several plants in-
cluding Stryphnodendron adstringens (Mart.) Coville, Fabaceae,
or barbatimão) and a range of genera including, Sida sp.,
Sebastiania sp., and Fevillea sp. (Teixeira-Santos et al. 2015)
and Pedra Furada, in the State of Piauí, Brazil, where twelve taxa
from genera that include medicinal plants were identified (de
Miranda Chaves and Reinhard 2006). The low levels of the
otherwise very common intestinal parasitesAscaris lumbricoides
(giant roundworm) and Trichuris trichiura (whipworm) in some
South American prehistoric populations have led to the sugges-
tion that this may be due to the use of medicinal plants (Leles
et al. 2010).

Some of the earliest texts known concern medical practices
and the use of plants as medicine. Six papyri from Egypt,
dating to between 2000 BC and 1500 BC (Frey 1985), display
an extensive knowledge with around 160 different medicinal
plants identified (Ritner 2000). Hundreds of thousands of
medical texts from Mesopotamia were written mostly on clay
tablets in cuneiform and date to the 3rd millennium BC
(Robson 2008; Retief and Cilliers 2007). Medicinal plants
are discussed in the Atharvaveda (Bloomfield 1899), an
Indian text written around 1200 BC in Sanskrit. The first
known Chinese medicine text is the Huangdi Neijing dated
to the third century BC (Cavalieri and Rotoli 1997) though
Chinese medicine is considered to be at least 4500 years old
(Wong and Wu 1932) while the earliest text in Japan is the
Ishimpō, a 30-volume text completed in 984 CE (Tamba
1986). Early Greek medicine was strongly focused on medic-
inal plants (Prioreschi 1996). De Materia Medica, a five-
volume work comprising descriptions of over 600 medicinal
plants was written between 50 and 70 CE by Pedanius
Dioscorides, a Greek physician in the Roman Army, while
the Hippocratic Oath which dates to around 275 CE is still
used today (Hulkower 2016). Medicinal plants, specifically
those with anthelmintic or anti-parasite properties, have been
identified in several colonial manuscripts including the XVI
century Aztec herbal, The Badianus Manuscript (Emmart
1940). Several of these plants were tested and many were
found to correlate with the curative properties described by
the Aztec informants (Ortiz de Montellano 1975).

Poisons

Poisons are also likely to have been used in the deep past.
Several plants from the Paleolithic assemblages analyzed by

Hardy (2019) were poisonous as well as medicinally valuable
(Fig. 4), though it is not possible to determine whether they
were used as poisons, medicines, or both since the difference
is based on the dosage (Stark 2017), something that cannot be
reproduced from archeological contexts. The only way to
identify the probable use of a plant as poison, rather than
medicine, is by its context. Traces of Ricinus communis L.,
Euphorbiaceae (castor oil plant), were detected on a wooden
stick similar to those used recently by the Kalahari San as
poisons applicators, at the 24.5 ka archeological site of
Border Cave in South Africa strongly suggesting it was being
used as a poison (d’Errico et al. 2012) while traces of
Euphorbia tirucalli L, Euphorbiaceae, another poisonous
plant, were also found at the site (Borgia 2019). This plant is
well known to contain irritant, cytotoxic, and tumor-
promoting constituents such as phorbol ester derivatives
found in the latex as 12-O-tetradecanoylphorbol-13-acetate
(8). The arrowheads and spear points that were developed
by ancient modern humans appear in the archeological record
from around 70,000–50,000 years ago. They suggest throw-
ing weapons, enabling hunters to kill without being in direct
contact with the animal; however, the stone tips were not
strong or large enough to kill most animals and poison is likely
to have been applied to the stone tips (Borgia 2019).

Psychotropic Plants

The use of psychotropic plants rich in entheogens or psycho-
active substances may have developed out of the evolutionary
use of medicinal plants since the physiological pathways to
process these compounds are the same as those used for me-
dicinal plants. These pathways are likely to be very ancient
and combine taste receptors, tissue barriers, and the blood-
brain barrier (Sullivan and Hagen 2002; Hagen and
Tushingham 2019). However, archeological evidence for psy-
chotropic drug use in the Paleolithic is limited. Currently the
earliest potential evidence comes from a 13,000-year-old site
in Timor where the remains of betel vine (Areca catechu L.,
Arecaceae) were found (Hagen and Tushingham 2019). Red-
brown-stained teeth, also demonstrating the use of betel nut,
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were recovered from sites in the Philippines and Vietnam
dated to the 3rd millennium BC (Bronze Age) (Guerra-Doce
2015). The evidence for psychoactive plant use is more abun-
dant in the Neolithic and also the Egyptian New Kingdom
(Merlin 2003) with evidence in the form of carbonized re-
mains of the actual plants and also as residual traces inside
ceramic pots and impressions in the clay or, in Egypt, also
displayed on artifacts (Merlin 2003). The presence of
Cannabis has been identified as hemp imprints on pottery
from Taiwan (10,000 years BP) and is present as a raw mate-
rial (hemp) in early farming contexts in China (Guerra-Doce
2015) but the most common plant is Papaver somniferum L.,
Papaveraceae, found primarily in many later prehistoric sites
from the 6th millennium BC onwards across Europe, and in
Egypt from the newKingdom (18th Dynasty, 1550–1350 BC)
(Merlin 2003). Chemical analysis of organic residues found in
a bundle interpreted as representing a leather bag was recov-
ered from the Sora valley, in south west Bolivia. A range of
items were identified, leading to the interpretation that this
artifact had been “ritual bundle” (Miller et al. 2019) since it
contained extensive evidence for plants with psychoactive
properties together with snuffing tablets, a snuffing tube, and
other materials. The authors suggest this bundle may have
belonged to a shaman.

Drug-induced altered state of consciousness has been ar-
gued to be responsible for some of the Upper Paleolithic art,
notably the geometric patterns that are found in southern
Europe (Lewis-Williams et al. 1988) though this has been
disputed due to the lack of indigenous plants in Europe that
can cause these specific drug-induced effects and the absence
of any archeological evidence for the one European fungus
Claviceps purpurea (Fr.) Tul., Clavicipitaceae, able to pro-
duce this type of trance (Guerra-Doce 2015). Members of
the Solanaceae, the nightshades, have been found in
archeological sites in China and the NewWorld. For example,
the thorn apple, jimsonweed (jimson weed) or devil’s snare
(Datura stramonium L.), thought to be native to America, has
been used both in traditional medicine and recreationally over
the centuries; the active agents are tropane alkaloids as atro-
pine (9), which is an enantiomeric mixture of D-hyoscyamine
and L-hyoscyamine, with most of its physiological effects due
to L-hyoscyamine (Al 2014).

Most of the remaining archeological evidence for psycho-
tropic drugs is found in the New World. These include the

mescal bean, Sophora secundiflora (Ortega) Lag. ex DC.,
Fabaceae, and peyote, Lophophora williamsii (Lem. ex
Salm-Dyck) J.M. Coult., Cactaceae, from the 9th millennium
BC (Adovasio and Fry 1976), members of the coca family
(Erythroxylaceae) in association with calcite (that brings out
the alkaloids) from at least 8000 years ago (Dillehay et al.
2010), tobacco (Nicotiana sp., Solanaceae), yopo
(Anadenanthera peregrina (L.) Speg., Fabaceae) (Guerra-
Doce 2015) and manufacture of ayahuasca made out of the
vine Banisteriopsis caapi (Spruce ex Griseb.) C.V. Morton,
Malpighiaceae, and the shrub Psychotria viridis Ruiz & Pav.,
Rubiaceae (Ogalde et al. 2007, 2009).

Evolutionary Context

Detecting deliberate self-medication in past populations can be
challenging, yet the archeological evidence for cured ailments
andmedicinal plants that cover a wide range of both curative and
invasive practices and treatments suggests a high level of confi-
dence and medicinal knowledge deep into human evolutionary
time. Beyond this, the increasing evidence for self-medication
among animals, insects, and also birds (Clayton et al. 2010)
suggests that self-medication is a shared evolutionary behavior
that stretches well beyond recent human evolution (Lozano
1998; Huffman 2003). It is well established that when they are
in their known environment, animals are able to maintain them-
selves and their offspring in good health by selecting the “right”
things to eat, including those specifically chosen to address a
health problem and there are many anecdotal examples of ani-
mals using plants to self-medicate (Engel 2003; Huffman 2016).
The concept of animal self-medication, or zoopharmacognosy,
was first developed by Rodriguez and Wrangham (1993). Since
then, evidence for self-medication has expanded significantly
while it has recently been suggested that animal self-
medication practices may help to discover new potential drugs
for humans (Domínguez-Martín et al. 2020).

Diseases caused by pathogens and parasites are common
and many animals and insects alter their diet in response to
parasite attack and also to enhance their reproductive capabil-
ities in preparation for mating (e.g., Carrai et al. 2003; Singer
et al. 2009). Studies on insects that have demonstrated both
prophylactic and therapeutic consumption need to demon-
strate adaptive plasticity; in other words, it must impose a
fitness cost to confirm behavior as medicinal (Abbott 2014).
Insects as distant from each other as fruit flies (de Roode et al.
2013), caterpillars (Singer et al. 2009), honey-bees (Simone-
Finstrom and Spivak 2012; Gherman et al. 2014; Erler and
Moritz 2016), monarch butterflies (Lefèvre et al. 2012), and
the African armyworm (Spodoptera exempta) (Povey et al.
2014) all demonstrate some form of self-medication primarily
based around reproductive status and parasite infestations.
Specific studies have been documented on self-medication
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in ruminants (Lisonbee et al. 2009; Villalba et al. 2014) and
elephants (Dubost et al. 2019; Greene et al. 2020).

Possibly the most numerous studies have been conducted on
non-human primates. This is particularly relevant for human
evolution since humans and non-human primates share a com-
mon evolutionary history and have a similar physiology and it is
possible that they share ways to combat diseases through medic-
inal plant use (Huffman 2016). This includes studies of chimpan-
zees (Pan troglodytes) and gorillas (Gorilla gorilla) (Basabose
2002; Cousins and Huffman 2002; Rogers et al. 2004; Huffman
2001, 2003, 2015; Huffman and Seifu 1989; Huffman et al.
1996; Mclennan and Huffman 2012; Krief et al. 2006; Masi
et al. 2012), Japanese macaques (Macaca fuscata) (Huffman
et al. 2010; Tasdemir et al. 2020), sifakas (Propithecus verreauxi
verreauxi) (Carrai et al. 2003), lemurs (Eulemur rufifrons)
(Peckre et al. 2018), Tibetan macaques (Macaca thibetana)
(Huffman et al. 2020), and orangutans (Pongo pygmaeus)
(Morrogh-Bernard et al. 2017). Some of these studies have dem-
onstrated both health maintenance and deliberate self-medication
that is processed using a combination of innate mechanisms,
individual learning, and cultural transmission (Huffman 2016).
In all recorded cases, the plants used have been subjected to
pharmacological analyses that have identified specific properties
that correspond with the use of the plant. In addition to the use of
plants in treatment, there are many examples of the use of food-
medicines, or medicinal foods, plants that are eaten as food, but
that also contain important medicinal properties and therefore
provide an underlying protection, with specific food items
added in particular, in relation to parasite infection and
reproductive events, though Huffman et al. (2020) have identi-
fied the use of Epimedium davidii Franch, Berberidaceae, poten-
tially as a means of stress reduction in a preliminary study on
Tibetan macaques. Icariin (10), a major prenylated flavonol gly-
coside, is the active principle associated with stress reduction and
anti-depressant properties via downregulation of glucocorticoid
receptor activity and regulation of hippocampal neuroinflamma-
tion (Li et al. 2015).

Chimpanzees display botanical knowledge when selecting
plants (Janmaat et al. 2013) and also know the plant’s location,

when and how much to eat, the correct part of the plant and, at
times, how to prepare it prior to ingestion (Huffman 2003;
Cousins and Huffman 2002; Huffman and Seifu 1989;
Huffman et al. 1996). Of the 200–300 species of plant that they
habitually use in their diet, at least 36 are medicinal (Huffman
2001) while some of the best studied self-medication practices
in animals are in the way chimpanzees deal with intestinal
parasites. Exhaustive study has demonstrated the use of two
different methods, using plants that are not necessarily an ev-
eryday part of the diet (Huffman 2016; Huffman and Seifu
1989; Huffman et al. 1996, 2016). Bitter pith chewing treats
intestinal nematode infections and gastrointestinal problems
while leaf swallowing addresses the problem of adult nodular
worms and tapeworms (Huffman 2016). In bitter pith chewing,
the outer bark and leaves of the plant Vernonia amygdalina
Delile, Asteraceae, are removed, the bitter juice contained in
the inner pith is then chewed, and the remaining fibrous mate-
rial is spat out. This member of the daisy family is not abundant
and is searched out for consumption only when a chimpanzee is
ill. Following the bitter pith chewing, chimpanzees invariably
improve (Huffman and Seifu 1989; Huffman et al. 1996, 2016).
The biochemical properties of V. amygdalina consist of a range
of medicinally useful chemicals while laboratory testing dem-
onstrated the efficacy of the plant, which is also well known
and used by local human populations for its medicinal proper-
ties as a treatment for intestinal parasites, stomach upsets and
malaria (Huffman 2016). Leaf swallowing involves the physi-
cal expulsion of worms through increased gut action (motility)
which is caused by the selection and swallowing of whole,
rough leaves (Huffman et al. 1996). Leaves from over 40 dif-
ferent plant species are used; the main common property of the
leaves is that they have silicate hairs that “catch” the worms.
The leaves are eaten in a particular way, they are folded in the
mouth and swallowed without chewing, normally on an empty
stomach. This inhibits digestion and the leaves are normally
flushed out, with attached parasites, within 6 h (Huffman
et al. 1996, 2016).

Though currently parasite expulsion is the best-known rea-
son to self-medicate for many species, the diversity of bioac-
tive components found in many plant items ingested suggests
that a wide range of illnesses might be treated (Huffman 2001,
2003; Cousins and Huffman 2002; Krief et al. 2006; Masi
et al. 2012). Based on the assumption that anything a chim-
panzee can do today was within the capabilities of the
chimpanzee-human last common ancestor (McGrew 2010),
the behavior of chimpanzees and bonobos is sometimes used
to investigate aspects of human evolution (Hernandez-Aguilar
2009; McGrew 2010; Carvalho et al. 2012). This provides a
broad evolutionary backdrop and context within which our
ancestral use of medicinal plants sits comfortably; indeed,
when viewed from an evolutionary perspective, it is incon-
ceivable that hominins would have abandoned this very ad-
vantageous behavior and it is unlikely, given the constant
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battle against parasites and pathogens of all types that animals
including humans experience, that they would have survived
without the ability to treat at least some of these.

A long-term study of Japanese macaques has recorded sev-
eral instances of cultural transmission that illustrate how new
behaviors are introduced into a group (Huffman et al. 2010).
As hominins spread into new environments, and as these en-
vironments changed with the huge climatic shifts that oc-
curred in the Pleistocene, some knowledge will have been lost
and potentially relearned, at times by copying animals
(Huffman 2016), while a combination of population-level
neophobia-neophilia may have assisted in extending knowl-
edge in new environments with unknown plants, as popula-
tions spread geographically and climates changed (Hardy
2018). Cultural and social transmission is well established in
some primate populations while there is a notable increase in
specifically medicinal (and potentially poisonous) plants
among humans at the start of the Neolithic (Fig. 4) most prob-
ably due to more extensive social networks (Hardy 2018).
Awareness of the value of animal self-medication practices
has been recorded since antiquity (Álvaro et al. 2019) and
there are many examples of humans copying animal behavior
in the use of medicinal plants, following observation of sick
animals (Huffman 2016) while Greene et al. (2020) outline
shared knowledge of medicative plants between elephants and
their mahouts. A recent example of the reverse, human-animal
adaptation, has also been observed in the emerging use of soap
by ring-tailed coati (Nasua nasua) that live near a tourist com-
plex on Ilha do Campeche, Brazil (Gasco et al. 2016). A good
example of human-animal correlation can be found in orang-
utans collecting leaves of Dracaena cantleyi Baker,
Asparagaceae, that they mix with saliva and rub onto parts
of the body, something that is also done by the local indige-
nous population, who rub a poultice of this plant on parts of
the body to relieve pain (Morrogh-Bernard et al. 2017).

Dogs are the first animals to have been domesticated by
humans, around 32,000 years ago. Since then, they have ex-
perienced similar environments. This has led to a set of over-
lapping genes including some involved in the digestion pro-
cess, some involved in cancer development, and some in-
volved in the neurological process (Wang et al. 2013).
Common genes are linked to aggressive behavior, depression,
autism, and compulsive disorders, and dogs respond similarly
to some anti-depressant drugs used to treat humans (Wang
et al. 2013).

The very widespread use of medicinal plants among ani-
mals and the complex behavior associated with this supports
the perspective that it is part of broad animal behavior with a
long evolutionary pathway. The most likely scenario is that
self-medication formed a part of the human evolutionary
package and was carried throughout our long-term past.
Assuming the same level of expertise among Paleolithic pop-
ulations as is evident today in chimpanzees should be an

absolute minimum in terms of self-medication practices and
use of medicinal plants.

Conclusions

The use of plant secondary compounds as medicine is wide-
spread in animals, insects, and even birds and has been closely
studied, in particular in non-human primate species. The ex-
tent of animal self-medication to combat parasites and in re-
productive fitness suggests this evolutionarily advantageous
behavior will also have been practiced by our direct hominin
ancestors as an essential mechanism for survival rather than
being a “modern” human development. Homo sapiens
emerged in the Paleolithic and apart from some recent genetic
adaptations (Liebert et al. 2017), humans today are physiolog-
ically identical. Recent archeological evidence supported by
historical and ethnographic data shows that a broad consump-
tion of plants with both nutritive and medicinal compounds, in
other words food-medicine, were and often still are one and
the same in non-industrialized communities. In the West, the
split between food and medicine that began in the Middle
Ages with the suppression of entheogenic drugs (Kennedy
2014) is now perhaps starting to turn full circle as foods that
also incorporate health benefits is emerging as a counter cul-
ture to the North American “fast food” diet.

The vast knowledge of medicinal, poisonous, and psycho-
tropic plants known to be used by recent and modern non-
industrialized communities represents the relict survival of our
deep evolutionary inheritance, a very ancient knowledge sys-
tem known today as traditional ecological knowledge (TEK),
which developed during the Paleolithic as humans developed
their knowledge and repertoire, most probably, at times, copy-
ing animals in their uses of specific medicinal plants.
Evidence for the confident use of plants that can be poisonous,
either as medicines or directly as poisons, perhaps exemplifies
more than anything else the very refined levels of cognition of
these Paleolithic populations (Chaboo et al. 2019), as the line
between mortal toxicity and valuable medicine can be very
thin. Throughout the Paleolithic and beyond, humans devel-
oped their knowledge and built on their use of medicinal
properties to apply plant secondary compounds as poisons
and hallucinogens. The development and knowledge of psy-
chotropic plants is likely to have developed out of the use of
plants with medicinal properties, since the extensive evidence
for the use of these among animals suggests a far greater
antiquity. At some point in the past, knowledge of the medic-
inal and psychotropic properties of plants, which may have
represented highly specialized knowledge, merged and devel-
oped into what today is called shamanism (Hardy 2019).

It is all too easy to imagine, from our current state of gen-
erally degraded ecological knowledge that traditional ecolog-
ical knowledge is a recent phenomenon. Once edible plant
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sources began to be controlled in the Neolithic, the deep un-
derstanding of wild plants and particularly those that provided
the essential carbohydrates will have begun to erode, as this
ecological knowledge was gradually replaced with the new
technological and social expertise required for sedentary,
communal living. Over time, the use of wild plants is likely
to have become more focused (as seen in Fig. 4) and expand-
ed, through the knowledge of plant secondary compounds and
their uses, as medicines, poisons, and hallucinogens as well as
for their properties as flavorings and aromas, that have led to
the modern cultural diversity and regional cuisines. As such,
human development since the emergence of farming and its
associated features, including storage, accumulation, new
technologies, and the concentration of people into villages,
then cities, should be seen as a trade-off rather than a linear
advancement, as the loss of TEK and the profound under-
standing of the natural world and the symbioses that enable
it to function, that we needed to survive and evolve as hunter
gatherers, has gradually been eroded.
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