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Paleopharmacology and Pollen: Theory, Method, and Application
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Parasitism was a universal human condition. Because of this, people developed herbal medicines to treat
parasites as part of their pharmacopoeias. We propose that it is possible to recover evidence of medicinal plants
from archaeological sites and link their use to specific health conditions. This is a multidisciplinary approach that
must involve at least paleoethnobotanists, archaeoparasitologists, paleopathologists, and pharmacologists.
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This volume demonstrates that parasitic disease wiaisSalts and Mammoth Caves, Kentucky ancient hook-
a problem for human populations all over the world andorm andAscaris lumbricoidefection resulted in the
at all time periods. Itis very probable that human populase ofChenopodiunspecies to cure worm infection in
tions would have developed treatments of the symptorttse Southeast.
of parasitic disease and remedies to eliminate the para- With regard to the general picture Ghenopodium
sites from their bodies. This is one focus of the field aise, Reinhard (1998a: 445) writes, “One of the significant
“paleopharmacology” (Holloway 1983, Reinhard et alaspects of thes€henopodiunstudies is the depiction
1991, Reinhard 1998a). Already, this fledgling field hasf the development of pharmaceuticals in prehistory.
demonstrated that anthelminthics and treatments for synfpecies ofChenopodiunwere used by ancient hunter-
toms were a part of the prehistoric pharmacopoeia. Wgatherers and agriculturalists primarily as a food source.
are taking the opportunity here to summarize the curreAs knowledge of various species @henopodiunpro-
findings of ancient parasite therapies, present a case gxessed, there came the recognition that certain species
ample from Piaui, Brazil, and to suggest a methodology ad a pharmacological value”.

be applied in the future. POLLEN EVIDENCE OF MEDICINAL PLANTS

PREHISTORIC PHARMACOPOEIAS IN THE AMERICAS Experimental studies show that pollen, once ingested,
Much is known about the Aztec pharmacopoeia. The not destroyed by the digestive process. Thus, pollen
Spanish were impressed by the Aztec medicinal plaimgested as a tea results in the introduction of millions of
knowledge and had this knowledge documented. Threellen grains into the digestive tract. Pollen is often
documents survivedPrimeros MemorialesCodex present in hundreds of thousands to millions of pollen
Matritense and the largeFlorentine Codex Ortiz De grains per gram of coprolite.
Montellano (1975) analyzed the Aztec pharmacopoeia and Holloway (1983) was the first individual to look at pol-
discovered the active ingredients for many medicindn as evidence of medicinal plant use. Since then other
plants, such a€henopodiunspecies used as a treat+esearchers have followed his approaEphedra(Mor-
ment for parasite infection. To look for evidence of earliemon tea) pollen was found in Mojave Desert, Chihuahua
use ofChenopodiumcoprolites were analyzed. Riley Desert, and Colorado Plateau hunter-gatherer coprolites
(1993) reviewed the archaeological evidence of this afReinhard et al. 1991, 2003, Sobolik & Gerick 1993) rang-
thelminthic. Historically, five North American tribes wereing from tens of thousands to hundreds of thousands of
documented as using various specie€hénopodium grains per gram of coprolite. Althou@phedrais a rem-
as a vermifuge: the Cherokee, Rappahannock, Hounealy for many symptoms, it was used by American Indian
Koasait, and Natchez. He then reviewed Reinhard et alcsltures to remedy diarrhea (Moerman 1986). In the same
(1985) coprolite studies which suggested that some sptudiesLarrea pollen was foundLarreawas also used
cies ofChenopodiunserved as an Archaic Period pro-+o treat diarrhea (Holloway 1983). The research presented
phylaxis for parasite infection. This was an inadverteri this volume shows that parasites that could cause diar-
benefit of having many species @henopodiunin the rhea occurred in this area (Goncgalves et al. this volume).
diet. Later, among Anasazi agriculturalists, there is c®erhaps parasites were the cause of diarrhea treated with
prolite evidence of the use 6f graveolensandC. botrys Larrea andEphedra However, Reinhard (1998a: 446)
specifically as anthelminthics. Riley (1993) suggests thatarns “Theoretically, it is unwise to assume that plants
were used to treat the same iliness in the past as those
today. Therefore, it is also unwise to project contempo-
rary uses of medicinal plants into the past”.

The field of paleopharmacology is fraught with uncer-
*Corresponding author. Fax: +55-21-2598.2670. E-maitainty. Identifying plant species and linking these spe-
smiranda@ensp.fiocruz.br cies to possible medicinal use involves several stages of
Received 26 August 2002 analysis. Each stage is dependent on accurate accom-
Accepted 25 November 2002 plishment of the previous stage. For example, if the iden-
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tification of a plant fragment is incorrect, then subsequeetn environment, then a survey of modern plants is likely
inferences about its medicinal role are incorrect. For theseprovide a good idea of potential medicinal plants avail-
reasons, we present a methodology for assessing #ide in ancient times. If the environment is much differ-
medicinal implications of coprolite components. ent, then excavation and identification of ancient plant
METHODOLOGY remains will be necessary to reconstruct the plant

_ _ biodiversity in the archaeological environment.

The recovery and analysis of any archaeological phar- The third question relates to the recovery potential of
macopoeia is a multidisciplinary endeavor that must adgrtain types of plant remains. In identifying an archaeo-
dress_several questions (Reinhard 19_98a). First, WhatWﬁfSicaI pharmacopoeia, one must consider the preserva-
t_he diseases that afflicted the prehlstorlc_study populggn potential of plant fragments and where these plant
tion? Second, what plants were present in the archag@ygments are likely to occur. This is address by Pearsall
logical environment that had medicinal value? Third, wh 5000). One can sketch out a probability hierarchy of re-
is the likelihood that these plants can be recovere@gyery for certain types of archaeological remains. To
Fourth, what is the actual medical efficacy of the plant fqfeep within a reasonable discussion length, we will dis-
the diseases suffered? cuss recovery potential for coprolites (Reinhard 1998b,

The first question must be answered by the analysiginhard & Bryant 1992) and skeletal sediments (Reinhard
of human remains. Such remains include skeletons, ¢g-|. 1992, Berg 2002).
prolites, and mummies. With regard to skeletal popula- pojien grains and phytoliths are two types of micro-
tions, disease can be easily categorized into dental, ggssils that are essentially indestructible on the digestive
generatlve,'lnfectlous, traumatic, and ne_oplastlc. In Mogkct of humans (Reinhard & Bryant 1992). Phytoliths are
archaeological skeletal series, dental disease, degengfarmost durable plant remains. They are crystals of silica
tive disease, and trauma are common. Infectious dise@g& alcium oxalate deposited in plant tissue. According
frequency and neoplastic disease frequency is variabig.piperno (1991) and Pearsall (2000), several families of
Evidence of para3|t|c_d|sease can be recovered from Seﬁ'ﬂonocotyledons and dycotyledons produce abundant
ment associated with skeletons as demonstrated Byantities of phytoliths. The following families of mono-
Dittmar and Teegen in this volume. Evidence of planistyledons produce quantities of phytoliths: Bromelia-
consumption can bg recovered from such sedlments(gésde, Cannaceae, Cyperaceae, Poaceae, Heliconiaceae,
demonstrated by Reinhard et al. (1992) and Berg (2003)arantaceae, Musaceae, Orchidaceae, Arecaceae and
Most recently, microfossils including starch granules angingiperaceae. The following dycotyledon families also
phytoliths have been discovered in dental calculus, thB?oduce quantities of phytoliths according to Piperno
adding to the range of botanical remains recoverable fr 991): Acanthaceae, Annonaceae, Aristolochiaceae,
skeletons (Reinhard et al. 2001). Therefore, skeletal an rseraceae, Cannabaceae, Chloranthaceae, Chryso-
sis can potentially provide evidence of parasitism arghjanaceae, Asteraceae, Cucurbitaceae, Dilleniaceae,
plant consumption if modern field and laboratory methephorbiaceae, Loranthaceae, Magnoliaceae, Moraceae,
ods are used. _ _ Piperaceae, Rosaceae, Sterculiaceae, Ulmaceae, Urticaceae

Mummies are ideal for assessing the disease stategafj verbenaceae. Danielson and Reinhard (1998) docu-
prehistoric populatlons. All categories of hard tissue digyented the recovery of phytoliths of dietary species of
ease seen in skeletons can be recovered through ngpmts from Texas. They found that up to 20% of the co-
invasive a_naly5|s of mummies (Kiple et al. 2001). In ad‘_jbrolite volume can be composed of phytoliths. This
tion, soft tissue pathology can be recovered (Aufderheidgscovery is very relevant to areas were foliage is chewed
& Rodrigues-Martin 1998), including many types of distor medicinal purposes. One area where this was and is
ease that can be potentially treated by medicinal planigyne is in the Andean region of Peru and Chile. There,
Coprolites from the intestine can be recovered. A widgyca Erythroxilum cociwas habitually chewed (Cartmell
variety of plant remains can be recovered from coprolitgg g, 1991, Indriati & Buikstra 2001). Phytoliths are present
(Reinhard 1998b, Reinhard & Bryant 1992). AlsOj, the leaves of this plant and we have been searching for

microresidues can be found within the intestine, even e phytoliths in mummies and coprolites from the Andean
no coprolites are present. In addition, chemical S|gna,l§gion_

from hair can be used to trace use of certain medicinal Palynology, which is the study of pollen grains and

plants such as coca by looking for the secondary menpores, is one important area of research. Through pa-
tabolites of the medlcmal cqmpounds (Cartmell et al. 1991I§/nology we can obtain important information about past
Once a profile of the diseases suffered by an anciesynt communities, as well as about possible plant distri-
population is obtained, then a survey of the plants thgfiion in a given geological time. At archaeological exca-
were present in the archaeological environment can D8tions, pollen grains can be found inside the sediments;
made. Ortiz De Montellano (1975) provides an ideal modg{ the funeral urns, on the surface of objects manipulated
for this problem. He had the advantage of working witBy humansor even on the surface and inside fossilized
illustrated textual sources. But his first goal of identifyfgces — coprolites. Pollen is very durable due to the inclu-
ing ancient medicinal plants is the same as that of prehigon, of sporopollenin in structure of pollen walls (Reinhard
torians workmg Wlth_out texts. The first question to b%L Bryant 1992). Sporopollenin is the most durable or-
addressed is how different was the archaeological enYanic compound produced by plants. The interpretation

ronment from the modern environment? If the anciefg pollen data is complicated by aspects of pollen trans-
environment shared many or some features with the mo&ort, preservation, and sampling. There is a long history
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of study of pollen grains from archaeological sedimeniggs in vascular tissue, are useless taxonomic indicators
and coprolites (Adams 1980, Bryant & Holloway 1983because they are found in many species in many families.
Hevly 1981, Reinhard et al. 1991, Reinhard & Bryant 1992However, other types of phytoliths take on specific struc-
More recently, the study of pollen grains from burial seditures identifiable to plant genera. To our knowledge, no
ments has been pioneered (Reinhard et al. 1992) and widehe has developed an application of phytoliths to any
applied (Berg 2002). Because pollen, like phytoliths, prerchaeological pharmacopoeia. As we state above, we
serves in nearly all types of human remains, medicinbklieve there is good potential for phytoliths as medicinal
pollen is a particularly valuable source of information. plant indicators because of their abundance in coprolites
As discussed by Reinhard and Bryant (1992), seedsd high preservation potential.
are very durable in coprolites. This relates to the success Once the plant remains have been identified to a ge-
of recovering evidence of their prehistoric use as summass or species, one must determine if they had medicinal
rized by Riley (1993). Because the seeds are very duralbbdue. Did the plant species contain a physiologically
and easily recognized even when fragmented, traciagtive compound? Is it likely that the compound was effi-
Chenopodiunuse is relatively easy. However, in skeletatacious given the prehistoric preparation methods and
sediments seeds vary in their recovery potential (Reinhalldsage?
et al. 1992). Seeds with thick and hard coats such as Moerman (1986) compiled a list of known medicinal
Chenopodiunare recoverable. However, thin walled seedglants from the ethnographic literature for the Americas.
decompose in open environments where skeletons pfiiis is a central reference for obtaining information about
serve. Therefore, it may not be possible to recover a falle potential use of a discovered plant species as a me-
range of seeds from sediments sampled from burials. dicinal plant. However, efficacy is not demonstrated by
There are other types of remains that are much manse alone. Ortiz De Montellano (1975) found that a small
fragile. Remains of vegetative parts of plants such gsoportion of Aztec medicinal plants did not have physi-
leaves and stems preserve only in fortunate circumstancetagical active compounds. Therefore, people may have
In coprolites and mummies, leaf fragments can be founklad faith in curative powers of some plants that was not
The epidermis of desert succulents preserves well andrranted by the plant’s curing ability. Only by testing
the cell patterns of even the tiniest leaf fragments can bee plants for active compounds can one be sure that the
preserved (Reinhard 1998b: 125). However, masticatiguants really had medicinal value. Currently there are sev-
severely fragments more delicate leaves of most plargsal journals that publish articles on medicinal plants.
and it is often difficult to identify the venation patternsTherefore, when a potential medicinal plant is found, the
needed for taxonomic identification of delicate herbgublished literature may have information concerning any
Stems, including rhizomes, can be identified, but only wittmedicinal value. Alternatively, samples of the plant can
difficulty (Holden & Nufiez 1993). Bark is occasionallybe submitted for pharmaceutical analysis.
found and can sometimes be identified to species, SUgH, | EN EVIDENCE OF AN ANCIENT BRAZILIAN PHAR-
as Fry’s (1977) discovery dogwooddrnus stolonifera  MACOPOEIA
bark in a coprolite from Utah which produces an opium-

like, narcotic effect. However, in other cases, itis 'MPOorth America in identifying prehistoric medicinal plants,

sible to identify bark. i I VSi h lites f i
The goal in plant identification should be on the spe\’—ve applied pollen analysis to three coprolites from Brazi

- - : " - ig. 1). The coprolites come from the site of Pedra Furada
cies level. Once the remains are identified to species, t g:rllg . o oo L1q
the medical efficacy of that species can be identifie cated in the State of Piaui, Northeast Brazil (8° 50'10” S-

: ol e 2°33'20"W). The coprolite context date between 8450 +
However, in some cases, genus level is still insightf :
Identification to family level alone does not provide suffi- 0 BP and 7230 + 80 BP (Chaves & Renault-Miskovsky

cient taxonomic resolution to address the potential még%’ Chaves 1996, 2000, 20012, b).

e - : _ In Brazil, we have been studying pollen preserved in
dicinal use of plant residues. Beyond different preserv%pprolites (Fig. 2). According to Faegri and lversen (1989),

tion potentials, each type of botanical remain has a diffe 8llen grains cannot be destroyed by the digestive pro-

ent identification potential. On a general level, seeds aR s because their outer portion (sexine) is not altered b
fruits can be more often identified to species because si&? ’ u ir outer portion (sexine) | y

morphology has been long studied and published (f rIansition through the intestine. Coprolites, therefore, are

example Martin & Barkley 1961, Delorit 1970, Corner 1976).05.SIIS particularly ”Ch. in excellently preserved pollen
ins. The pollen grains come from ingested food and

Thus, seeds and fruits, when encountered, can be Vigﬁr aled air, as well as from the pollen rain contemporar
useful in identifying specific plants of medicinal impor- ’ P P y

tance. Herbal leaves have venation patterns that, if p .n'-thtg;e %ﬁ%?f-'ﬁvzgerriF?fsexiﬁemgt IS (fg#]ntc:]. E;y ?ga-lé/é_
served, should allow for species identification. Ing the p In coproiites, palynology us provi

Given the success of pollen studies of coprolites in

can be identified to species, especially arboreal,
pollinated taxa. More frequently, pollen grains can b
identified to genus or family level. For some taxa, gen
level identification is useful as presented for willow an

related to geological time periods and specific loca-
jons. By studying the pollen and macro-remains con-

Ephedraspecies by Reinhard et al. (1991). Phytoliths afé&ined in coprolites, it is possible to infer the food and
algo variaFl:))Ie with ?/egard to species(identi)ficati)én. Som hedicinal uses of specific plants (Chaves 1996, 2000, 2001a,

times the structures that silicify, such as spiral thicken- Chaves & Renault-Miskovsky 1996).
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Caesalpinia Cecropig Croton, Mansoa andChenopo-
dium

Of these plant genera, some have uses that do not
include treatment of intestinal parasites or the symptoms
caused by themSidasp. (“malva-benta”) can be used
for treating wounds. Anadenanthera macrocarpa
(“angico”) is a treatment for tuberculosis and respiratory
infections. The leaves @fecropiasp. (‘Embauba”) are a
analgesic.Crotonsp. leaves (“marmeleiro, velame”) are
used for rhumatism, head-ache, influenza, and bronchitis.
Mansoa hirsutgd“cip6-de-alho”) is used for sore throats
and diabetes. These plants, although interesting in that
they reflect the medicinal needs of prehistoric people, are
not relevant to intestinal parasite infections.

Other medicinal plant genera from the coprolites are
relevant to parasitology. Some are vermifugic. The trunk
Fig. 1: human coprolites collected in a South American prehiston‘gf BaUh_mIa Che”amd“mquron). IS Cove_red by bark which
site (Pedra Furada, Piaui) and dated of 7750 + 80 BP. can be included in a vermifugic infusion. Of course, some
species ofChenopodiumboth seeds and foliage, have
vermifugic properties.

Finally, some of the genera found are folk remedies for
symptoms which can be caused by parasites. The leaves
and fruits ofCaesalpinea ferred‘pau-ferro”) are anti-
dysenteric.Terminaliasp. (“macarico”) heals dysentery.
Borreria sp. (“cabeca-de-velho”) can be used as an infu-
sion to facilitate digestion.

We encountered pharmacological data for one of these
taxa. Bauhiniasp. contains active compounds including
phytochemicals flavinoids, glycosides, heterosides, sa-
ponins, mineral salts, tannins, and beta-sitosterol. It is
efficacious as a depurative, diuretic, and hypoglycemic
(Silva et al. 2002). Pharmacological analysis does not con-
firm that this plant was a vermifuge.
= The results presented here are tentative for several
Fig. 2: pollen from a coprolite sample dated to 2,480 + 80 BPeasons. First, we do not know if the folk remedies for
collected in a South American prehistoric site Ipomoea batatgsiants reported by Emperaire (1983) are really effective.
("batata-doce”) (1000X). Second, we do not know if the species in some genera are
medicinal. For example, there are many speci€hef
nopodiumthat have the same pollen morphology. How-

The prehistoric population in the area is known from gver, relatively few of these species are vermifuges.
few skeletons and other human remains. Aradjo et dihirdly, we can not assess whether the pollen in the co-
(2000) found human louse eggs in the region that demdprolites represents an effective dose of the medicinal com-
strates that the population had ectoparasites. Gongal@gsind. ) o
etal. (this volume) summarizes the evidence of hookworm However, the number of potential medicinal plant taxa
and whipworm infection in the population. Lessa anépund in these three coprolites, and the spectrum of dis-
Guidon (2002) report dental pathology, spinafase conditions evidence in the other prehistoric human
osteophytosis, and osteoarthritis from this region. Thergmains in the region, highlight the possibility of identify-
fore, there was a spectrum of diseases in this populatitig an archaeological pharmacopoeia for the Caatinga of
that would have required analgesics, anthelminthis, aftiaui. We now need to assess the efficacy of the taxa that
treatments for lice. we found and analyze more coprolites for seed, phytolith,

After processing the coprolites in hydrochloric acidleaf, and stem evidence of medicinal plants.
potassium hydroxide, and flotation in zinc chloride, the REFERENCES
pollen was extracted. Pollen grains from medicinal plants : )
were recouere fom the coprolies. Emperar (1983) coff e 5 10007 o1en, Preied Seo0s o Pienecy
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