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ABSTRACT

This projearose because of the desire by the rédieleaesearch observers, at Santa Rosa, to
attempt to ascertain a function for wha't t he
important considerations meriting further investigation.

o Phoradendr@gmistletoe) consumptioAtieyespp. appeared to be present only at Santa Rosa
0 Mistletoe selection was considered deliberate, as mature host leaf (which was available) was nc
selected
o More than one mistletoe was available in the norraalgeonfithe monkey, but selection was
dominated by one mistletoe/host combination
Consumption was of relatively small volumes
There was an apparent seasonality to the use of mistletoe
Consumption of mature, mistletoe leaf occurred at times wisemotbbetage of suitable fruit

Limitations of tAéelespp. digestive system made exploitation of mature leaf potentially probleme

o O O o o

The monkeys were also seen consuming geophageous material; on occasion, this closely follov
mistletoe consumption

o There were no published repoftetEspp. geophagy in Central America and/or tropical dry forest
habitat

The aim of the subsequent investigation was to determine if there was any beneficial function th:
be attributed to the materials and ste@dwik to a saibdiation hypothesis for mistletoe and/or geophagy
or to relate the determined geophagy properties to the other published functional hypotheses for geopt

The novel aspect of this projdedtt wad |ltelte i chegv
betweerhtelesand human digestive systems. This modified model was used to investigate geophagic
Phoradendraampledlt was hoped that typproach would lead to the identification or constituents in the
samples, wdi may have physiological significance.

Samples of the two species of mistletoe identified were collectedPfrormadémeéehost tree
combinations. Samples were extracted using the simulated gastric conditions and the extracts ar
Anal ytnigealpréimht sé of the gastric extracts of t
activities of the extracts

Species variation in Phoradendron constituents and antimicrobial activity was detected. The p
difference between th&ea and nazaten Phoradendron species was identified using HRMSaad LC
chlorogenic acid. Chlorogenic acid has antibacterial and antioxidant properties, stimulates the immune
and has activities related to regulation of blood sudgdptedelsdroconsumptionas during the wet
season, which may be a period of increased bacterial and parasite infection. It also coincides with a ¢
dietary fruits.

The geophagic samples were taken from sites previoushalssidsther withc ont r ol 6
found in the home range of the study group. Analysis of the physical properties and characteristi
undertaken to attempt to identify the mineral content material. Further analyses then investigated the b
of the material in tiela to the commonly accepted hypotheses for geophagy. Where possible these v

investigated using the simulated gastric conditions.



The physical characteristics of the samples did not resemble the previously published repo
geophagic material ubgdhumans or ndmuman primates. The results failed to detect the presence of
montmorillonite and only a suggestion of the presence of kaolinite. The results do not suggest that it f
as an antacid, an aldirrhoeal or mineral supplement.

An icrease in antibacterial actirat/ seen wheyeophagic material &ibradendraaamples
were incubated togetherputative hypothesis for the mechanism of Fe limitation was suggested by
physical properties of the geophagic material and thengeotezitial of the chemical constituents of the
Phoradendrdeaf.
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Chapter Introduction and Literature review

1.1 Project Backgrountroduction

For over 30 years, extensive studies have taken place of the behaviour and ecology of the three
species found in the Santa Rosadll&#ovk, Costa Rica: the black handed spider Atelelspyaffroyi
the mantled howler monkA&uétta pallidtand the whiteroated capuch@epus capucijsedigaet
al. 1985, Chapman 1987, 1988, SorehskfA000, Campbell al.2003, 205, Asensiet al.2012)).
During the last 10 years, periodic observations were made of the cofrlagpéofirby(Figure 1.1)
of small amounts(leaves) ofiaturemistletoe leavd2horadendra@pp., genus Viscaceae and geophagy
of dry matil, defined as the deliberate consumption of soil, rock particles or clay materials. Observati
Phoradendrotonsumption and geophagye made by the lbemgn research assistant Elvin Murillo

Chacon, together with visiting students and researchers (Filippo Aureli personal communication).
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Figure 1 MaleAtelegjeoffrayat Santa Rosa (courtesy of F. Aureli).

The mistletoe berrige the staple food for several speciegroied birds present in Santa Rosa
(Henderson 2010)istletoe leaves are consumed by several leaf eating (folivorous) mammals including
(Gallina 1988@nd gorill&Watson 20Q1gonsumption oftendithko food scarcity. The omnivorous brown
mouse lemuMicrocebus rujy#tsalis 2008nd the predominantly folivorous diademPsdpkbecus
didemp(lrwin 200&)oth utilise a mistletoe species as a staple food in times of low fruitcaivattability an
latter case it is classified as a fallback résaimc2008)-allback foods are defined as being of relatively
poor nutritional quality, which become a significant dietary component during periods when preferred f
scarcgMarshakt al. 2009) So far, there have not been reports in the literature for a predominantly fi
eating (frugivore) primate species consuming mistletBadeadesdrdeaf consumption has only been
reported bitelesat Santa Rosa as consumption wassapteabin four otidgelegeoffroypopulations
studied in Belize, Panama, Mexico and the Corcovado National Pall§abostekRia2011)

Younget al (2011)extensively reviewed the literature on geophagy in human populations and -
species of mammals, birds, and reptiles. Many common functions have been put forward for geopl
suggesting a medicinal/beneficiglGilsediet al.1999, Krishnamaati d. 2000, Domingt al.2004)

Geophagy in Old World primates has been documented (Maharnigst al.1990) chimpanzees
1



(Aufreitest al2001) baboon@Pebswortst al2012b), macaqued/oroet al2001) lemurgJeannodat
al.2003und orangutalslatsubayashi al.2011) In New World prinsageophagy is reported in tamarins
(Heymanet al.1991) titi monkey@Milleret al.1997) howler monkegBiccaMarque®t al.1994)and

spider monkeglgawa 1993, Blakteal 2010, Linkt al2011a, b)Jntil recently, only one instance has been
reported féxtelegeoffroyin Central America, which was related to gnawing the limestone of a Mayan ten
in Guatema(&errarét al.2008) As in the caseRtioradendrdeaf consumptidhe comparative study of

five Atelesgeoffroypopulations across Central America found that geophagy occurs only at Santa R
(Santorelit al 2011).

Commonhitelesreportedjeophagy sites are adjacent to riverbanks or situated along small natur
drains or intermittent stream courses and are also utilised byprimaaie repecies e.g. birds, bats,
rodents and ungulaBkakest al2011, Blaket al.2013)Sitesmay also be wet mineral/salt licks (salados)
which are long lasting seasonally sitiasl, used over extended péBbanooka 200Fhe sites utilised
at Santa Rosa differed in that they were elevated, often on vertical faces and the material was c
accessible to very fewqprimate species (Filippo Aureli and ElvirOMaidlopersonal communication).

Both Phoradendroononsumption and geophagy behaviours were considered by the establish
researchers at Santa Rosa to be sufficiently different from other reported primate behaviours to meri
investigation. An important further consideration was the sigmificaintitenadure on the biologically
active and potentially toxic constituents reported in mistletoes from the genus Viscaceae (Section 1.8)
with the various hypothesdbddunctions of geoph&ggpgeijon 1.9).

1.2 Research Site

The Santa Ra National Park, Costa Rica, established in 1971, is located in Guanacaste provinc

the NW Pacific coast close tdita@aguan border (Figure 1.2).
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Figure 1.2 Map of Santa Elena Peninsula, showing the Santa Rosa Tropical Dry ForesirR@eatrch stati

de Estudios Bosque Tropical Seco). http://www-costarica
nationalparks.com/santarosanationalpark.html (accessed Sept. 2012).

The park is part of the much larger Area de Conservacion Guanacaste (ACG) which is a Natura

Heritage Site. Then&a Rosa National Park covers an area of 10,800 hectares, on the Santa Ele

2



Peninsulalhe park lists over 115 species of mammals, over 10,000 species of insects, 250 species of
and around 100 species of amphibians and other reptiles (wwet@agLarii®/, accessed Aug
2012). The park also contains dhe t#rgest remaining areas of Tropi¢air&st (TDF) habitat in the

world.

1.3 Introduction to the spider mdktiedygeoffroyi

Four candidate species of spider monkeys haventiéed idem morphological and chromosomal
analysesAteleggeoffroyiA. paniscus, AelzebitandA hybridugCollins 20Q8fopulations are found
from Yucatan in Mexico through Central America and from Ecuador in the west across to Guyana and
in the north eastern region of South America and as faheMatoasrosso province in central Brazil
(IUCN. 2012Atelescommonly udew altitude humid rain forests below 800m (Collins 2008) however al
also reported in tropical forests in the Andes, upland Amazonian forests, deciduous and mangrove
(Wallace 2008)ntil recentlyfelesyeoffroyivas considered todidow conservation concern because of
their wide distribution, but in 2008 the species was reclassified as endangered due to extensive defo
across Central Ameridae(lUCN Red List of Threatened Species. Versjon 2014.2

Ateleshave dypical bme rangef150350 hectaresgithday journegngths of 5061500m, buto
not use the ranges uniformly. Range use varies with season anf\&tlialyesiz@08)\teleshave
skeletal adaptations to hand, forelimb, clavicle, pelvichiidilétatichfacilitateapid movement high in
the canopy. Wheenturingnto the ground, they often walk bipedally due to their skeletal morphology, wit
may make them vulnerable to attack on thd Gaoupige#t al.2005)Atelesconsume ripe fruits im th
upper canopy rarely visit the lower canopy and are rarely seen on the growtdalQadppell
Avoidance of using the ground has been suggested as a mechanism to ai@diivisbdatid®97,
Stanford 2002)

Anatomically and physiologicallgigimstive systemAitless not adapted for leaf eating (folivory)
(Chiveret al1980, Lambert 1998, Wallace. Zi8BgyeoffroygwndAlouatta pallisaae similar sized and
relatively closely related but have very different digestive/Atnzattgigmlliateave fermentative guts
and a transit time of approx. 20 hours. This permits them to extract nutrients from le@f§ilmdant materia
1981)Atelegyeoffroyiack the fermentative capacity and have a rapid gut tran&ithtouesofTis allows
them to exploit a higtergy diet containdoduble sugars but limitsatikty to obtain protein fl@tary
itemsg(Lambert 1998)he majority of fruits oored byAtelesare ripe and fles{iyi Fioret al2008and
7590% of foraging tilmespentonsuming ripe fri@hapman 1987, 1988, Symington 1988, Cant 1990,
Castellanost al.1996, Dew 2002, Wallace 2@pider monkeys also consume unripefigghew ripe
figs are availalfeeltoret al2008)

1.3.1 Atelegyeoffraydiet at Santa Rosa

At Santa Rosatelesgeoffroyconsume 37species of fruit froff8milies (Filippo Aurelsqeal
communicatiohable 1.1). Howev46 species are cateiged as occasional, (defined as less than 5
independent observations per year; Filippo Aureli personal communication), with fruit consumed regul

only 27 species (regularly was defined as more tpandeimdabservations per yleantrastAteles
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belzebuth belzebitfEcuador consume more than 250 specieg i piaret al.2008) This difference
may be a limitation imposed by habitat as the tropical dry forest of Santa Rosa-60ftaifisrealy 30

Table 1.1 Fruits consumedSainta Rosa, Occasional is defined as <5 independent observations/year.
PLANT TAXONOMY
Family Species Fruit Family Species Fruit
Anacardiaceae | Spondias mombin | regular Ficus goldmanii occasiong
Spondias purpurea| occasional Ficus hondurensis | regular
Spondias radlkoferi| regular Ficus morazaniana| regular
Annonaceae Annona purpurea | occasional Ficus obtusifolia regular
Annona reticulata | occasional Ficus ovalis regular
Apocynaceae | Stemmadenia occasional | Musaceae Maclura tinctoria regular
obovata
Araliaceae Sciadodendron regular Myrtaceae Musa cavendishii | occasiong
excelsum
Asclepiadaceae| Marsdenia englerial occasional Eugenia acapulcen{ occasiong
Bombacaceae | Bombacopsis quing occasional | Papilionaceae| Eugenia salamensi¢ occasiong
Pseudobombax occasional | Passifloraceae Diphysa americana| occasiong
septenatum
Boraginaceae | Cordia panamensis| occasional Passiflora platylobal occasiong
Burseraceae Bursera simaruba | occasional | Polygonaceae| Passiflora vitifolia | occasiong
Caricaceae Jacaratia dolichaulg occasional | Rhamnaceae | Coccoloba regular
guanacastensis
Clusiacea Garcinia intermedia occasional Karwinskia calderor regular
Dilleniaceae Doliocarpus dentaty regular Rubiaceae Krugiodendron regular
ferreum
Ebenaceae Diospyrosalicifolia | regular Alibertia edulis occasiong
Elaeocarpaceag Sloanea terniflora | occasional Calycophyllum occasiong
candidissimum
Euphorbiaceae | Sapium glandulosul occasional Chomelia spinosa | occasiond
Fabaceae Inga vera occasional Genipamericana | regular
Samanea samon | occasional Guettarda regular
macrosperma
Swartzia cubensis | occasional Ixora floribuna occasiong
Quercus oleoides | occasional | Sapindaceae | Randia monantha | occasiong
Vachellia collinsii | occasional Allophylus regular
occidentalis
Flacourtiaceae | Casearia arguta occasional | Sapotaceae | Dipterodendron regular
costaricense
Muntingia calabura| occasional Chrysophyllum occasiong
brenesii
Prockia crucis occasional Manilkara chicle regular
Zuelania guidonia | occasional | Simaroubacea| Sideroxylon capiri | regular
Lauraceae Ocotea veraguensiy occasional | Sterculiaceae | Simarouba glauca | regular
Malpighiaceae | Bunchosia ocellata| regular Guazuma ulmifolia | regular
Melastomataceg Mouriri myrtilloides | occasional | Styracaceae | Sterculia apetala | occasiong
Meliaceae Trichilia americana| occasional | Tiliaceae Styrax argenteus | occasiong
Trichilia martiana | occasional Apeiba tibourbou | occasiong
Moraceae Brosimum alicastrul regular Luehea candida occasiong
Castilla elastica regular Urticaceae Luehea speciosa | occasiong
Ficus bullenei regular Vitaceae Cecropia peltata regular
Ficus citrifolia occasional Cissus occasiong
pseudosicyoides
Ficus cotinifolia regular

speciegsliversity compared to tropical rainforests in C@stabReih1979) the low diversity-sopical
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habitat at Tikal National Park, Guatemala a similarly low ndd bentas[8€&ies are consumédebss
(Chapman 1987, Cant 1990)

Leaf consumption was limited to materidlOffamilies and31species, (Table2)l. Regular
consumption of mature leaves was linftteatddendron quadrangulaithconsumption consisting of a
few leaves and not occurring during periods of ¢agdRtppo Aureli personal communiddtsn).
distinction between young (small, pale green) anBhoetdemdron quadranguéaees (large, fully
developed, darker green) is illustrated in Figvistlét@eare very slow growing and onlygeradeir
first leaves after two years; the leaf axils send out just one or two stalks with two leaves each yea
continue to grow for a furti2zeydars and commonly mistletoes do not start flowering until aged 5 to 7 ye
(Calder 1983)

Table 2 Species from which leaves are consuAtettlt Santa Ros@ourtesy of Filippo Aureli).
Plant taxonomy Plant Material
Family Species Leaf type / frequency
Anacardiaceg Astronium graveolens young occasional
Apocynaceag Forsteronia spicata young occasional
Apocynaceae Marsdenia engleriana mature ccasional
Araceae Syngonium angustatum | mature ccasional
Boraginaceag Cordia panamensis mature ccasional
Fabaceae Diphysa americana young occasional
Fabaceae Hymenaea courbaril young regular
Fabaceae Samanea saman mature ccasional
Lauraceae | Ocotea veraguense young occasional
Moraceae Brosimum alicastrum young occasional

Ficus cotinifolia young occasional

Ficus hondurensis young occasional
Malvaceae | Apeibdibourbou matureoccasional
Urticaceae | Cecropia peltata young occasional
Viscaceae Phoradendron quadrangy mature regular

*occasional defined as less than 5 independent observations per year; regular defifeddepematerihan
observatins per year.

The four species of host tree parasitiBragendrare distributed throughout the Santa Rosa
area and are present within the spider monkey home ranges. Deliberate selection of the mistletoe le

noteating the host leaf waardle the observers (Elvin MOhdgon personal communication).

Figure 1.3 Example of young and mé&hoeadendron quadranglsanees; mature shows signs of biting.
(Authorés own photograph).

Taxonomy and images of host tree |@dfanadendrdeaf are presented in Appendix 1.1, Table 1.1.
The differences in appearance between the host tree |@dicaaddhdrdeaves can clearly be seen.
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The monkeys made route adjustments or stops to coRhoreémelrdfrilippo Aureli personal
commaication). In addition, there was seasonal variation in its consumption, which was predominantly
the SeptembBiovember period. This deliberate consumiptiitedofamounts raaturePhoradendron
leaves, in the context of the gastro intesphalaggrand transit time limitations (Section 2. F)teaggest

consumption may serve some function fordemgvefi the monkeys.

1.4 Phoradendradentification

During the initial observation d?hbeadendraonsumption, the behaviour was linked to three host
tree species. These wenehea specio¥iilld. (LSManilkara chic{Pittier) (MCJ,abebuia ochracea
(Cham (TO)Phoradendramonsumption was raimemGuazuma ulmifdliam (GU). Over 95% of obderv
Phoradendrotonsumption was fréanilkara chicl8ubsequently, the resident botanist identified two
mistletoe species, based on flower morptaapendron quadrangykwmath) Krug & Urb growing on
the host tredglanilkara chic{®C) andsuazum ulmifoliiam (GU) an@horadendron robustissimum
Eichler growing lomehea speciqQqaS) andlabebuiachraceél O).

Specimens were deposited at Instituto Nacional de Biodiversidad (INBio), where the identitie:

confirmed in 2009, and vouchenspeciodged, as shown:

Phoradendron robustissifgicimer

R. Aguilar 3191 1586137, L. Gonzalez 736 2845349
Phoradendron quadrang(kuath) Krug & Urb
L. Gonzalez 3519 3975549; R. Espinoza 991589424

1.5 Phoradendr&@@onsumption

Observations Bhoradendraronsumption were carried out whilst collecting data as part of the lon
term study (not by the thesis author). As a backgrbuad taapuojedt, gidersmionkealata recorded for
31 consecutive months between June 2006eamoeD2608ere made available.

Table B Phoradendr@ating frequency ddtar identified individudusing September 280§ust 2007
(Courtesy of Filippareli).
Phoradendror| Time in Phoradendron Phoradendror| Time in Phoradendror|
d eating followed eatingrate Id eating followed eating rate
" | episodes subgroup /100hours episodes subgroup /100 hours
(minutes) (minutes)
An |1 3404 1.8 In |10 23323 2.6
Be |5 25587 1.2 Ju |1 3625 1.7
Bg |7 9034 4.6 Mc | 6 5285 6.8
Cc|5 12269 24 Md| 8 39318 1.2
Cn|O 2129 0 Ne | O 2279 0
Co |7 6458 6.5 Pp |7 13797 3
Cu| 6 7458 4.8 Si |8 22384 2.1
Es | 11 34453 1.9 Sy | 10 39373 15
Fr |0 4091 0 Ta | 3 3690 4.9
Gh| 8 27119 1.8 To |1 2462 24
Gr | 12 40602 1.8 Zr |5 4727 6.3
Hu| 11 26414 25




Subgroups were followed during the entire course of the daylight hours balancing observations &
mornings and afternoons when whole day follows were not possible and subgroupsbvaargsfallowed 3
week (Filippo Aureli personal communidatlss). 13 and 14 illustrate the relative frequency of
Phoradendraonsumption in order to provide corttelitéo  apuotedtRhaoraiéndrarating ratdata
were not available for the period Septembdd&@fiviber 2008. However, Taldethils thaumber of

episodes for each individual and the number of individual days on which it was observed.

Table 4 Number dthoradendraating episodes and number of independent days in which such episodes
were observed during SeptembebD2@@mber 200®yrtesy Filippo Aureli).

Individual Ph_oradendroaating _nur_nl_)er of Individual Ph_oradendroaating _nur_nber of

episodes individual days episodes individual days

Be 12 9 Ha 13 11

Bg 14 12 Hu 19 15

Bu 15 12 In 19 17

Cc 8 7 Md 17 13

Cl 1 1 Ne 11 8

Co 13 9 Pp 5 5

Cu 12 10 Pq 7 6

Es 18 5 Sb 8 7

Fr 12 11 Si 15 14

Gh 14 12 Sy 18 16

Gr 20 17 Ta 4 4

Leaf consumption would reduce the amount of fruit able to be consumed and constitutes extra r
be transported therefore it would be expectddutgiabra would avoid leaf consumption during the main
feeding/foraging periods. Fruit consumption is generally reportegiraainlycdrniing the morningrand
little around mildyT and in some populations there may be a peakfteriaten oripr to a resting
periodChapmaet al.1991, Di Fiost al2008) The use of leaves, often considered a proteiiMsicamce
1979, 1980 in Milton 19@9)Id be expected to occur in late afternoon, to avoid filling up the gut in place
fruits andbtpermit the required longer leaf digestion time. This separation of time of consumption of fru
leaves does not seem to apply in the €dsrarfendrdeaves as prior to eating them the monkeys had
been observed foraging and consuming frdts sibp.,Castilla elasti§pondias mombBpondias

radlkofeandMaclura tinctofilippo Aureli personal communication).

1.6 Geophagy Observations

In order to provide conteittéprojectiata on geophagy episodes (not collected by thevenethor)
made available for the period Z3§@Dec2008, (Tables511.6).

Table b Geophagy rates September 2006 (courtesy of Filidpatévedies to fondependent
episodes in 2006.
id Geophagy| Time in Geoplagy id Geophagy Time in Geophagy
episodes | followed rate per episodes | followal rate per

subgroup 100 hours subgroup 100 hours
(minutes) (minutes)

Be |1 25587 0.2 In 1 23323 0.3

Bg | 4 9034 2.7 Mc | 4 5285 4.5

Co |4 6458 3.7 Md |1 39318 0.2

Cu |2 7458 1.6 Sy |1 39373 0.2

Es | 2 34453 0.3 To |1 2462 2.4

Hu | 3 26414 0.7




No instances of geophagy were recorded for the period 10 NovégnlS=pRHnber 2008 i.e.no

instances were observed in 2007.

Table B Number of geophagy episodes and nfimbdependent days observed Septzdtiger

De@mbef008 (courtesy Filippo Aureli).

Individual| Geophagy number of Individual| Geophagy number of
episodes | individual days episodes | individual days

Be 1 1 Hu 2 2

Bg 4 3 In 2 2

Bu 2 2 Ka 1 1

Cc 1 1 Lo 2 2

Co 2 2 Md 2 2

Cu 5 3 Ne 2 2

Es 1 1 Pp 1 1

Fr 4 3 Hu 2 2

Gh 1 1 In 2 2

Gr 2 2 Ka 1 1

Ha 4 4 Lo 2 2

*No data on the time in the followed subgroup was made available to calculate rates.

Phoradendraronsumption was recorded on 12 occasions betweeh49@¥cermber 200@n

threeof thefour acasionsn 2006Phoradendraonsumption was followed by geophagyumber of

individuals (Tabl&)1typically occurring withid5HinutesOn one occasion (10 November) geophagy by

five individuals was unrelatetidcadendramnsumption.

Tabe 17 Time ofombineBhoradendramnsumption and geophagy 2006 (courtesy of Filippo Aureli).
Date Id Time Time Date Id Time Time
Phoradendror| geophagy Phoradendror] geophagy
consumption | observed consumption | observed
observed observed
Bg | 11:24 11:34 Bg | 11.35 12.10
Es | 11:24 11:34 Bg | 13.41 Not observed
Hu | 11:24 11:33 Bu | 11.11 12.12
15/10/200 In 11:24 Not observe! Co | 11.35 Not observed
Ju | 11:24 Not observe! Co | 13.37 Not observed
To | 11:24 11:34 Cu |11.11 Not observed
Be | 10:23 11:01 25/10/200 Cu |11.35 12.11
Bg | 10:23 Not observe! Cu | 1341 Not observed
Cc | 10:23 Not observe: Ha | 11.40 12.12
Co | 10:23 11:01 Hu | 11.11 Not observed
Cu | 10:23 11:01 Hu | 11.35 12.12
Es | 10:23 Not observei Mc | 11.35 12.09
Gh | 10:23 Notobserved
Gr | 10:23 Not observe:
19/10/200( Hu | 10:23 11:01
In 10:23 Not observe!
Mc | 10:23 11:01
Md | 10:23 11:01
Pp | 10:23 Not observei
Si | 10:23 Not observe
Sn | 10:23 Not observe
Sy | 10:23 Not observe
Zr ]10:23 Not observe!

A similar juxtaposition of leaf eating and geophagy was reportd@0bg)Wlhenreported

c hi

mpanzees

ingesting

60soi
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Trichilia rubescenghich havia vitrcantimalarigdroperties, significantly reporting soil ingestion increased
thein vitrdbioactivity of the -bigailable gastric fraction from the leaves. Geophagyfalademgiron
consumption may act in a similar manner.

During 2008 geophagy was only obseiedeoaccasions, and commonly fokthwweatiendron
consumption (Tabl®)typically occurring within a relatively short time pef®dnifislOrhe numbers of
additional individuals observed undertaking either behaviour has increased 20@820@7pterind08.
Phoradendra@onsumption was seen in six new individuals and geophagy in nine new individuals.

Primatesre usually selective indngice of geophagy sites and only usdékaiswamast al.

2000) There are three characteristiesewgeophagy at Santa Rosa differed from the majority of the
literature: site choice, the number of incidences and seasonality. The site type utilised at Santa Ros
from what is reported in much of the liter#teleddzawa 1993, ShimooR@5? Blaket al.2010, Link

et al.2011dy)in that it was ndt asaldo. At Santa Rosa, dry material was taken from sites away fron

watercourses, commonly from vertical surfaces of low cliffs.

Table B Time oPhoradendra@onsumption and geophagy 2008 (courtesy of Filippo Aureli)
Time Time Time Time
Date Id Phoradendron geophagy Date Id Phoradenqlror geophagy
Consumption Consumption
observed observed
observed observed
Bg | 08:53 09:14 Be | 09:32 10:03
Bg | 12:34 Not observec Bg | 09:32 09:43
Co | 08:53 Not observed Bu | 09:32 10:00
Cu | 08:53 09:13 Cc | 09:32 10:01
Cu| 12:34 Not observeg Co | 09:32 09:59
18/09/200 Fr | 08:53 09:13 Cu | 09:32 09:42
Ha | 08:53 09:14 Es | 09:32 Not observe
Ha | 12:34 Not observec Fr | 09:32 09:43
Nc | 08:53 Not observeg Gh | 09:32 10:03
Ne | 08:53 09:17 Gr | 09:32 09:35
Bg | 11:42 11:59 0610720081 T09.32 09:59
Bu | 11:35 11:59 Hu | 09:32 09:59
Bu | 11:43 Not observeg In 09:32 09:59
Cc | 11:42 Not observed Md | 09:32 10:03
Co | 11:35 Notobserved Pp | 09:32 10:03
Co| 11:43 12.04 Pqg | 09:32 10:01
Cu | 11:43 11:58 Ru | 09:32 10:15
Es | 11:35 Not observed Sb | 09:32 10:05
ES| 11:43 12:01 Si | 09:32 09:43
Fr | 11:43 12:00 Sy | 09:32 09:40
22/09/200 Gr | 11:43 12:01
Ha| 11:43 Not observed
Hu | 11:35 11:58
Hu| 11:42 11:59
In | 11:42 12:01
Md| 11:43 12:04
Ne | 11:35 12:04
Pq | 11:42 11:59
Sh | 11:42 12:05
Si | 11:42 12:00

A comparison of the incidences of geophagy observed at Santa Rosd.@)dntgdidiis how
infrequent it is compared with other siteetBlbO10yeported 66 days independent vishielog
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belzebutkduring a 3 year period; einid (2011ajeportediteleshybridusnaking a monthly average of
21.7 +/7.2 visits per 100 days of camera trapping a1 1bjeportedteleshelzebutimaking
229 visits during 1612 days of observation. In contrast, at Santa Rosa geophagy is a rarely observed

days during the June 20D&cember 2008 study period.

Table 19, 25year mean weather data for Libistiect (10°35 N; 85°32 W),8Buanacaste Province (1977
2012). Costa Rica Weather Service (accesse8)Jan 201

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Mean max terfP 33.4| 3441 35.4| 359339320321 |321|31.3]30.9]31.6| 325
Mearrainfall mm 14 |14 |56 | 298 |2168| 2521| 1600| 2329| 3725| 3248| 988 | 119
Mean No. days with rg 0 0 1 3 13 19 15 18 22 21 10 | 4
Relative humidity (%) 66 |64 |61 |63 |74 [84 |80 |8 |8 |87 |81 |72

Regarding seasonalitielesbelzebutliBlakeet al 2010) anételeshybridugLinket al 2011b)
showed higher incidence of geophagy during dry sunny periods, or during the dry season. At Santa R
incidences of geophagy were during Sef@detnber i.e. the critical months of the wet season, as the two
months have the highest rainfall (T@blBdh Phoradendraronsumption and geophagpurred at a
time when there was no scarcity of fruits as there are more fruits available in the wet than the dry se
Santa Rog@sensiet al2009)

Atelessocial system is characterised by a high @digsenfusion dynamics where all community
members are rarely together but split up and join in subgroups of variable size gAdret@hpbsition
2008, Asensa al.2009) Consequently, individuals are not equally present in trsiligiiowesl It is
probable therefore, that instances of both behaviours were missed due to the limitations imposed by ve
subgroup composition (Filippo Aureli personal communication). As individuals cannot be observed col
this is addresseg the calculation of rates (frequency/time of obsdoxatioel), in a study of the same
community ételegeoffroyiduring Jan 200&c 2008), Asenstoal.(2012ajound that most community
membersontributed significantly taléta set. Thuany level of bias due to the social dynamics would be
expected to be similar for other spider monkey populations. However, the variability in subgroup con

and the related potential bias may make comparisonstelitspecies problematic.

1.7 SelfMedication Hypotheses

Freelandest al (1974)Wwere among the first to consider the consequences of consumption of Pl
Secondary Metabolites (PSMgwdnivores whilst Dearirg al.(2005provide a more recent review. Both
discuss thelasseof PSM compounds, tilvdcology and detoxification and suggest strategies herbivores
may use to reduce the detrimental impacts. More recent work focusdtiart gag@mtekiffman 2005)

Ingestion of PSM, at levels commonly present in planhmatena serious physiological effects or
may be fatal. Therefore, animals require mechanisms for detoxifying, excreting or avoiding PSM.

fEvery plant produces its own set of secondary chemical compounds, which to a greater exte
unique to it or #pecied (Freelandt al1974, p 284)

Production of enzymes for detoxification and excretion utilises resonmesa¢alg) diverting

them from other physiological processes and so is costly to the animal. Selection of material with

10



lewvels of PSM has been documented for cattle, sheep, voles, rats and hyrax (McLean 1970, Freelan
Frankest al 1936, Hilket @1967, Norman 1970, and Coe 1967 in Frextlali®3”) and lemyGarrai
et al2003, Negt al2006)

The potential avoidance and/or exploitation of PSM by primates have been investigated by
researcher®.g. Glander 1977, 1982, 1994, Maveeiyp97, Simmext al2005) Janzei(1978was the
first to describe probable use by vertebrates of dSahtgsarasitic, attributing the lack of protozoan
parasites i@olobus guereaadColobushadiusin Kibale, to regular consumption of PSM. Subsequently
antiparasitic satiedication became the focus of muclievgorBlisakat al.1992, Coopt al.1996,

Huffman 1997, Lozano 1998, Heatrak8002, Hutchings al.2003, Miet al.2003, Hostet al.2006,

Kriefet al.2006, Negret al.2006, Singat al.2009) Other potential beneficial uses of PSM have been
identifiee.g.antimicrobial andiginél (hydrolysable tannjBskzinet al.2008, Chirumbolo 20ah}
inflammatory (phenylpropan®dsiinat al2011)and antioxidant (phenylpropanoids, flavdie i)

al. 2002, Korkina 200¢prdieprotective (flavonoid€ook et al. 196, Testaiet al. 2013) and
immunomodulation (several classes qAr8&tyeat al2010, Proveneaal2010)

Ethnomedical (the use by indigenous peoples) or veterinary examples and biological activity hay
used to support animatmeelficatiohypotheses. There are however problems when extrapolating dat:
between species. There may be gastrointestinal morphological differences across species, such as the
of stomachs in ruminants. In monogastric species, the stomach plays aniimtpertisintegration and
dissolution of drug formulations. This together wighmgagtrcont r ol s t he rat e of
proximal gut and being absqiRedpast al.2010, Toutaiet al.2010) There are also irgpecific
differeces i n the enzymes involved in function/ me
differences may contribute to both qualitative and quantitative differences in drug metabolism betweer
(Martignomit al2006)

Medicinal produatsy be used prophylactically or therapeutically; each situation has different crit

and characteristics.

1.7.1 Prophylaxis

Prophylaxis is the prevention or reduction in the probability of a future illness due to infection or ir
of a toxin. In these cases, theselitating individual may be asymptomatic to th&lease208uch
as when the host has reachexehdf tolerance of parasite load or may be infection free. The driver for st
medicating behaviour in animals may be hard to determine unequivocally in(flakd 2@08jion
Prophylaxis may be episodic where, for example, the risk (elatb200&8yg. the use of antimalarial or
antiparasitic products where exposure risks aréAltirabteal 2006) Seasonal changeay alter risks
e.g. changes in host immgNiysoret al.1996, Martiet al.2008) increases in potential hdets to
aggregations at water or fruit sources or the clustering of births (newborn are more vulnerable to inf
(Hosseinkt al.2004)or increased incidence of infective forms of parasites in wengecioas al.
1999)

When the mechanidorsacquisition and transmission-ofesitfating behaviour are reviewed in the

context of the evolution of herbal medicine, one important question to be addressed is how organism:
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complex communication skills and/or high levels of cagnitiveeabil ma ke o6t her apeut
then be transmitt@dlart 2005, 201 Kyriazakist al (1998hypothesised that mammalian herbivores are
Ohwidedbd to change dietary items in resfpronse
medicinal compound use in moths, ants and (det Rmsdet al.2013)and caterpilla(Singeet al.
2009) The spontaneous swallowing of hairy leaves (smooth leaves were chewed) in healthy naive
primates (two chimpanzees and one bisrsimgested as an example of such an innate (dleazielur
et al.2013) Different observer chimpanzees subsequently copied the consumption of hairy leaves. |
situation, it is difficult to determine the driver and so hypethedisatidif the observer animals, as it
is expected that captive animals would be healthy and have minimal parasite loads. Copying as a me
for transmission meets the criteria for a biologahaeausty:
fa distinctive behaviour pattern shared daymwee individuals in a social unit, which persists over
time and that new practiti onefragasayet@u2003e i n par
An alternative mechanism of acquisition and transmission is through learnedaergepience.
ingestive cues of a pogestive event are used in selecting or avoidiiygéosktst al 2006, Favreaua
et al.2010) Taste, smell and visual clues enable animals to discriminate between foods and goverr
choices. An associatively ttondd response based on thenuestion effects may arise, with such post
ingestion feedback calibrating the sensory ex,
of the physiological effect of the food(dlitadzet al2009) Lambs in a treatment group were conditioned
to consume foods and toxins (grain, tannins,

to eat a 6émedicinal s u bostitoldambsat@ thé sarnesfioodwere givere d u ¢

the medicinat timesur el at ed t o the 6énegative internal st
effect of the benefits. After this conditioni
substancred arfd eof etalhé food/toxins. The contro

(Villalb&t al2006) illustrating the ability of naive animals to learn such an association.

Prophylaxis in animals is commonly linked to seasonal or expeticeentaiynges in exposure to
risk factors followed by obseteedumptionf plant materiabed in ethnomedicine ahdknown
pharmacolodiart 2005parasitic infections in wild populations of primates are likely to be chronic and
lethalNunret d. 2006) Obvious symptoms of disease ane vale primate populations as:

finfected individuals often mask weakness to maintain social position and avoid attacks by pre
(Gillespiet al2008)

In the absence of obvious symptoms, such@ssadieorifirmation of parasitic infections requires data
relating to parasite excretion before and following medication. Parasite excretion is variable according 1
cycle of the parasitic organismhanel arénherent difficulties in samplilgnuaet al.2006)makng
confirmation offection statulfficultThus without a detailed knowledge of the current and future state c
health of the individual, medicinal use can only be inferred and designation as prophylaxis or therapeu
problematic.

Many of the hypotheses ofrmadication are based on either the local ethnomedigalvitse or
pharmacology of individual constituents of plant material e.g. tiRhyelaesdoidecandraaten by

chimpanzees in Kibale, Ug&tdalacca dodecandaeported to hawevitractivities e.giolluscica
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(Klooset al.1982) antiviralKochet al.1996) antibacteridlayeet al.2011)and antifertility activities
(Stolzenbergt al.1976) The pith and fruit Aframomunspecies (wild ginger family) ingested by
chimpanzees, bonobos and gorillas across Africa is sold in Uganda as a treatment for antibacterial, a
and anthelminthic actions (Huffman 1997). Several factors need to be considered in ordér to confirn
medicating function. Activity may be due to the activity of a single component or due to interactions |
two or more componefyeritic effectsccus where a single compound acts on several targets, several
compounds act osiagle target omultiple compounds act on several relateq\Waagetr 1999, Bagetta

et al2011) Investigatisnf synergy are rarely undertaken on multicomponeriNsysterhal.1999)

Active compounds must be available in the situation in which ulvey &weerent either a local
effect or to be absorbed for a systemicTetiecbmponents extracted from plant material and hence the
biological activity may vary with choice of extraction method and (&d{santalsed! 2004, Sajfrtova
et al.2013) The components and activity of organic solvent extracts may also differ from those obtaine
simulated biological systems such as a gastric meteal (A0fiB)dentified the need to have appropriate
guidelines and methods for the takskiahal/alternative pharmaceutical preparations and concluded that t
use of dirent dissolution media andva$irequired to monitor the release of active components with
differing solubility profiles.

In the example of gasitestinal (Gl) patasj active compounds need to be released from the plant
matrix in the Gl tract. Therefore, active ingredients must be soluble in aqueous gaspittameédia, resist
enzymatidegradation and retain acittite stomagbHand possibly subsequentlpithef the intestines
(Reppast al2010)For a systemic effect, active compounds must be in a form capable of béing absorb
is possible that compounds whiclinhateactivity may become inactive or have increased activity due to
digestion effects in the storg&iatherlindt al2010)

A positivéen vitraest does not automatically transfewritabiological activiigthanasiadai al.

2004) nor is the reversae that inactiue vitrds inactivin vivaVillalbat al.2010) The conditions of

testing are also significant. For exsienplenia amygdalingilised b¥Pan troglodytes schweinfurthii,
cantains three vernonioside glycosides and four sesylattgmes. The latter were found to have
antischistosomal activity, as was one of the vernonioside glycosides, Vernoniosid@a Bitroln acidic
conditions, a secondary aglycone produced from Vernonioside B1 was more potent thaouhd parent cc
(Jisakaet al.1992) This is an example where the observation and the pharmacology may support
hypothesis for selédication and highlights the importance of investigating the activity of compou
produced in the appropiiatgvocondition The ernonioside Biglycone would be producéd wivo

acidic stomaclnditions

Ideally, investigations of biochemical medicinal activity should utilise plant extracts produced in a
closely replicating the uses by animals and not betisiitegl of organic solvent extiEdGiboralet al
2004, Sajfrtoed al2013) or single isolated comp@Watner 1999, Bagettal2011)The use of such
simulated gastric models for testing of ingested potential toxins is we(edgRulnentd 993, Ruby
et al.1996, Rubst al.1999, Oomert al.2003, Domimgy al.2004, Versantvoettal 2004, Versantvoert
al.2005)

Selfmedicatiowhere selection was based on the physical characteristics of plant material and not
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hasbeen hypothesised).the whole leafvallowing among wild chimparRaestroglodytesjonobos

(Pan paniscuand gorill&erilla gori)l@Huffman 2003)he leaves are folded one at a time between the
tongue and palate. The leaves pass througstriietestinal tract visibly unchafiyedngham 1995,
Huffmaret al.1997) Infection by the flat wOmsophagostomum stephanosteraameported as being
associated with 78% of instances -sWédimiving (Huffmenal.1997). Whole leaf swallowing
subspecies of chimpan®aa troglodytes vellerpgussashaka, Nigeria has been refeastbet al.

2007) Unchewed rougitirfaced herbaceous leav&esiodium gangetiamd clumps of sharp edged
grasses together with parasitic Vdmsaphgostomum stephanostonvene recovered in faecal samples.
Fowleet al (2007) suggests that the sharp edges or rough texture would irritate the Gl tract, induce dia
and facilitate parasite expulsion. The behaviour, limited to the rainy ssasoa aftth@mworms, may be

an example of driver and beneficial effect but could be considered both prophylactic, controlling paras

or a therapeutic response to increased parasite load.

1.7.2 Therapeutic

Therapeutic sefedication differs franmphylactic in that it would be a response to an immediate neec
and limited in duration to the event/illness. The use of herbal medicines in traditional human societi
been extensively reviewed, and the most common therapeutic use for igldot atateriabnditions
such as acute infection, gastritis, vomiting, toothache #Btefalier 2000yhese therapeutic
interventions are concerned with treating conditions that may have an immediate threat on the sur
fitness of an indiatdu

There is a lack of reported observations of therapmiiicattfin in primates and animals in
general, probably due to the relative infrequency with which acutely sick animals are encountered in
(Adelmamt al.2009) There is a low prbitity of observing onset of an acute illness. Acutely ill animals
exhibit changes in behaviours such as lethargy, somnolence dHdrari®@&jdent et al. 1992b, Exton
in Adelmart al.2009) Such changes would potentially reduce encountempete=d do healthy
individuals. Therefore, this limits the potential observation of a sick animal using a medicinal plant res
an acute illness (Hart 2005). Observations of acute illness in animals are often limited to incidences o
death, foexample eight sudden deaths were recorded in three studied chimpanzee ¢blatimmgities, Ta
Park, Ivory Coast, between October 2001 and June 2002, and all of the individuals had been in appar
health shortly before. In the case of sewadaialsdinere was less than 5 hours between observations and
finding the dead aninfaéendertet al2004) In Rwanda 208ksudden deaths in the mountain gorilla are
due to respiratory infections, transmitted from infectdéalacians al.2011) There are therefore few
clear reports in the literature of such apparent acute therapeditatgeifin animals. One such possible
observation is that of an uRaelltroglodytes schweinfahibiwing the bitter pitWefnonia amygdalina
(Huffranet al.1989)The symptoms were lethargy, dark urine and irregular bowel movements, character
that may/may not be related to infections. The inclusion of an unusual plant material in the diet m:
response to other than infection such asedhmiobus mongdZolobus badjusnd some howler
monkeysAlouattapp.) select leafaterial with high tannin cbriteaves with high protein/low tannin ratio

werethoseusually select¢@lander 1994)igh tannin levels are thought to preaikitiatels and reduce
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bloatingOates 197.7Intake of material considered potentially toxic might also have physiologically bene
effects. For example tannin consumption increased in pregnant or ladeatpghsitalkaverreauxi
verreau)i andvas associated with an increase in body weight and stimulation of (Gikrisstration

2003) This may be considered to have direct benefit to the mother preventing loss of condition ai
transgenerational benefit of higher offspringatesival r

Selfmedication hypotheses can also be applied to the use of geophageous material, such as cla
acute/therapeutic when applied externally to treat wounds or sites of infection atisyhtgsams of
(Vondruskowet al.2010, Ottet al.2013) However, it may not be possible to place geophagy into such
narrow categories. Geophagy for mineral supplerfiemaseinal. 1991, Holdet al.2002)might be
considered either prophylactic or therapeutic to restore imbalances caused mgesdsotiatarya
compositiofAyotteet al.2006) In this situation, analysis of the foods/geophagy material may point
deficiencies and therefore suggest the driver for medication and potential benefits.

There is sonie viveevidence for the efficdaylay consumption in lambs, and the inclusion of clays in
domestic livestock feeding regimes has become more common (¥toald@@s8pvBhe listed beneficial
effects following ingestion of clays include: immobilisation of antinutritional components in feeds, red
numbers of pathogenic gut bacteria, reduction in activity of bacterial enzymes in the small intestins
preents irritation and damage and improvements in morphological characteristicéVafritielskiosasa
et al2010)

The difficulties in categorising prophylactic or acute therapeutic are thus illustrated. A theo
framework has been suggested dr&ial (2009)dentifying criteria fortselflication asrasponse to

infection to be met

i) seltmedication should improve the fithess of animals infected by parasites or pathogens
i) selfmedication in the absence of infection should decrease fitness
iii) infection should inducerseliication behavior

To date most publications only have potential toxicity of PSM as evidence for thielsadiogd criteri
to an assumption that if consumption were not costly all individuals would exhibitassimcagased fi
be derived by the individual but by group members/siblings (social prophylegrigand off
(transgenerational prophyl@eddroodet al2013) There is little data onHmenbivores, who may respond
in a different manner thralifient exposwséo PSM. Data obtained under experimental conditions must
relate to the usual habitat conditions and meet the three criteria to conclude a medicinal benefit as a r

to infection.

1.8 Mistletoesk Introduction

Mistletoes belong to@rder Santalales with over 1600 species worldwide. The two largest families
theLoranthaceg@000 species) and Yfiscaceaés50 speciedphoradendra@pp., are members of the

Viscaceakigure 1.4.

15



e Arceuthobium

Phoradendron

e Dendrophthora

e Korthalsella

Viscaceae

— (inalloa

e f\otothixos

m— Viscum

Figure 1.4 Phylogenetic tree showing reldpsastong genera in the Viscacemtfied from Nickrent
(2011)

Phoradendrame the largest mistletoe genus found entirely in the New World. Their range extends
temperate North America, the Caribbean and Central Amedcaidadgiops of Sodtmerica with
Phoradendrdravngthegreatest diversity in the highlands of Mexico (Nickr@hie20kthceae are all
obligate hemiparasites, capable of photosynthesis but obtaining water, minerals, nitrogen, carbon ai
dissolved compounds fileenhost xylem fluid, through their direct connection with the host xylem vess
(Ehleringeet al.1985b, Schulzgt al.1991, Richtest al.1995, Glatzedt al.2009) Xylem flow is
unidirectional from root to leaf. Mistletoes are commonly succhilginvataricgnte(Ehleringest al.

1986) Viscum albynthe European mistletoe, is the most widely studied species. Both Greek and Rol

cultures used mistlete@anedicinal plant.

1.8.1 Medicinal uses of mistletoes

There is an extensive literature on the potentially beneficial components in mistletoes and the m
uses. These include mistletoes from: EBispg 20Q0\frica(Deeniet al.2002) Sout America
(Fernandezt al.1998) Central AmerifRivereCruzet al.2005)the Indian swntinenfislamet al.2004)
and AsidlLeeet al.1999, Leet al.2011) The biological effects of mistletoe extracts include cytotoxicity,
apoptosis, tumourilition, induction of immune processes and antioxidant activity. Leaf extracts have |
used in Europe for cancer treatment sin¢BakS202011)There are ethnomedical reports from Europe,
Africa and Asia of use in treating diabetes. In Mexgicaretierbe, aqueous extradéhafadendron
tomentosumre used in for treafliype Idiabetes mellit(Galzad®&loreset al2002, Careagalivarest
al. 2006whilst in Venezuela aqueous extract8Hovatendrguiperoideare used in treatingbdites
mellitugRodrigueet al.2008) In Brazil aqueous extrabt giperoideis used aggastric antispasmodic
(Marcatt al2007)

Digestion of mature leaf presents difficulties for herbivore/folivore species as the leaves are tc
contain more fibre, condensed tannins, resins dRbchlicaodt al.1979, Glander 1982)d would
consequently present an even greater diffitudtyrugivoroelesThis additional digestibility problem of
maturemistletoe combined with the variety of potential active compounds present, the restricted pe
consumption and the selectivity of choice of a single species (>9%%) @liccichaiiced to stimulate the
interest iRhoradendraonsumption and its potential égelesyeoffroyi.

The following classes of potentially important biologically active phytochemicals have been ident

being present in members of thac¥as includingstletoe thioninmistletoe lectins, polyphenolic
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compounds, and other miscellaneous contiphilled2000, Ochoekal 2002, Varekt al2004)

1.8.2 Mistletoe Thionins (viscotoxins, ligatoxins and phoratoxins)

The thionins avddely distributed cksssf closely related cationic peptides contablingrdido

acids and-8 cysteine residuesoninsare considered part of the plant defence(Eyatacket al.1994,

Castreet al2005) Thionins from different specieshiglv levels of homologous sequé&areascet al.

1981, Bohlmaehal.1991, Lét al.2002) Thoningnodify membrane permeability, leading to depolarisation,
mitochondrial damage and cell deagtsambdify immune respor(§&&rascet al.1981 Floraclet al.

1994, Steiet al1999)

In Viscum albuthioninType lIpenes are expressed in seeds and in (BaveisDImedo 1999,
Larsson 20Q77he cDNA encoding for mistletoe thionins have bee(Sderddexd al.1991) cDNA is
complemntary DNA synthesised from mRNA (messenger RNA) and is used to locate genes in the
strand DNA from a cell and so subsequently initiate synthesis of mistletoe thionins. Mistletoe Type IlI
(4546 amino acids) have been isolated fromnstéeaseare shown Tabld Q.

Table 1.0 Summary of occurrence of identified mistletoe thionins
Species thionin References
Viscum album viscotoxins Al, A2, A3, B,| Bissin@2000, Ochockat al(2003, Pakt al(2008)
1PS, WPS, C1 Samuelssaet al(1970, Schallet al(1996 1998
Steiret al (1999, Pfiille2000, Romagndadi al(2003)
Phoradendron phoratoxins A, B Samuelssaat al(1967, Mellstranet al(1973,
tomentosum Mellstran@.974)
phoratoxins-E Johanssoet al(2003)
Phoradendrdiga ligatoxin A,B Thunbergt al(1977, 1992Liet al(2002)
Dendrophtora denclatoxin A, B Samuelssaet al(1997)
clavata

Thionins are found in storage vesicles in the mistletoe leaf and may be part of a storage capa
limited resources such as sulphur, nitrogen and phi{bsphbetial.2011) Many perennial plants store
and recycle such resources where envirbresentaes are limi(ddrts 19967 hioninsare found in the

outer layer of the leaf and are part of the plant defense against micr¢Bialglaesitakl997)

Table 11 Examples of biological activity of mistletoe thionins
Biological advity Reference
modify membrane permeability, leading to Carrascet al(198), Florackt al(1994, Giudict al.

depolarisation, mitochahdemagand cell ddat | (2003)

cytotoxic activity against a variety of cancer cel Schalleet al(1996, Bussingt al(1999h Liet al.
(2002, Johanssaet al(2003)

Activity againsacteria, yeasts and insect larvae| Broekaest al(1997%, Deenet al(2002, Giudickt al.
(2004, Pelegrimt al(2005)

strong immunomodulatory effects Stenet al(1999, Tabiascet al(2002, Lavastret al.
(2003, Elluret al(2006, Vasconcelles al(2009)

Viscum albuheaves, grown in Europe, showed seasonal variations of viscotoxin with a peak
maximum concentration in June (20 mg/gliyWrecket al.2009) This variation in content is linked to
leaf senescence Wiscum albumnd is closely correlated with the selective degradation of viscotoxin

(Schradédfischeet al.1993, Urecht al.2011) This hypothesis is supported by the reduction in mistletoe
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thionins levels found in senescing leaf (Selst®mt al.1993) and this storage/recycling may contribute
to seasonal variation in biological activityefUak@911). Examples of riegmb biological activity are
shown in Table 1.11.

1.8.3 Mistletoe lecti(igL)

Lectins are a widespread group of biologically active glycoproteins6BkbaedKilbaltons)
molecular weightectinsaare Typ2 Ribosomi@activatingroteins (RIPs)whichenzymatically damage
ribosomes so inhibiting protein synthesis. The structure, properties and uses have been extensively 1
(Doyleet al.1984, Peumams al.1995, Van Damreeal. 1998, Sharcet al.2004, 2007, Sharon 2008)

Three genes mmsible for productiothefmistletoe specific ledtiz4,2 and MBin genus Viscaceae,
have been identified and charact@¢ms@unanowt al.2004hence mistletoe lectins (Bjlake not host
deried compounds. Mistletoe lédiiis have beesdlated froviscum albu(Rranzt al.1981, Eiflext

al. 1993, Blaschek al.2011)andPhoradendrd&ndcet al.1988, Endet al.1989, Leet al.1992, Leet
al.1999, Varett al2004)Examples of reported biological activity arnSradel. 12.

Table 12 Examples ofdbogical actiyodf lectins

Biologicalctivity Reference

antiviral, antibactergadtifungal, Pistolé198), Lloveet al(1993, Pusztagt al (1995, Leeet al(1998,

insecticidal, antiparasitic Bussingt al(1999a,Larlinet al (2002, Steiret al (2006, Costat
al.(2010)

indudion o&poptosis Kimet al(2004, Hoessét al(2008)

cytotoxic de Mejiat al(2005)

immunomodulatory effect Hajtcet al (2003, Elluret al(200, Lyuet al (2009, Hoesskt al.
(2008)

induce cellarrepair of damaged | Kovac®t al(199), Weissenstedt al(2014)

DNA

stimulation of pancreatic growth| Pusztagt al(19951998, Kelsakt al(2002)

There aralsoseasonal and tissue vartiotectin contesitmilar to mistletoe thio(Bisschekt
al.2011)Maximum levels\iiscum albu(@mg/g dry weight) were detected in De@tématiet al2009)
Lectins are very stable peptides with a high content of cysteine amino aeglthdrigproimase
resistant and so resistant to gastrointestinal {B@stineet al.2002, Kelsadt al.2002) Mistletoe
lectins have been shown to translocate across the gut wall asgebtit iNduced IgA and 1gG
immunoglobulins were dedeirt mice tissue/serflravelleet al.2000)following ingestion. Both of these

immunoglobulins are involved with defence against pathogens.

1.8.4 Polyphenolic compounds

Several thousand plant polyphenols are knowmgaintsast one aromatic ring with one or more
hydroxyl groups in addition to other substituegrsugdimdude the flavonoids, tannins, phenylpropanoids
and proanthocyanid{8tructureSections 4.5.1445.1.7) The metabolic pathway/genome strdotures
flavonoid and phenylpropanoid synthBbisradendrare listed in the MetaCyc datalespiet al.

2010)
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1.8.4.1 Flavonoids

Over 10,000 flavonoids of varying classes have beei(Addetifiest al2010, Dixogt al2010)
Flavonoi®®SMarefound in the leaves, seeds, bark and flowers of plants and are part of the plant deft
against pathogens, herbivores, ultra violet (UV) protectants and attractantgHeipetliab20(2,

Dixonet al.2010) Flavonoid compounds haes lidentified in bdtle Loranthaceamd Viscaceae
(Wagneet al.1998, Orhagt al.2002, Orhagt al.2006)ncludinghoradendrapp.(Dossajet al.1983,
LépeaMartineet al2012, Jimen&stradat al2013)

Flavonoids have antioxidant activity and there is a positive correlation between mistletoe anti
activity, and flavonoid corf@atzieet al2000, Croziet al2008, Vicast al2012, Jimendstradat al.

2013, Pietrzalt al.2013) Flavond antioxidant activity is related to their free radical scavenging properti
(Lobeet al2010)nd this and their metal ion cheledjmeries vary witinucturéMorekt al.1994, Cook

et al.1996, van Acket al.1998, Pietta 2000, Heimal.2002, Reret al.2008) Examples of reported
biological activity are shawable 13

Varelaet al (2004)dentifiedpigenin and luteadiglycosylavone Phoradendrdiga Varelat al
(2004 ) lso identified a major difference betiseemandPhoradendraspp in the types of flavonoid
presenwhichin Viscunspp.are quercetin or its derivativesdiffierencis due to the lack of a fla@ne
hydroxylase enzyme in the synthetic pathhanadendrdiwarelat al 2004).

Table 13 Examples diologicactivityf flavonoids

Biologicahctivity Reference

antibacterial and antiviral Cushniet al(2009, Ozcelikt al(200§, Aroret al(2008)

antiparasitic Tasdemit al(2006a, 2005Kerboewdt al(2008, Bourjoet al.
(2010)

antifungal Sathiamoorthgaal (2007)

carbohydrate metabolism Cazarolét al(2008, Hanhinewvat al(2010)

antiinflammatory and Fernandeet al (1998, Orharet al(2006)

antinocioceptive

cardieprotective Coolet al(1996, Heirret al (2003, Weiarenget al(2006, Testagt al.
(2013)

reduce plasma lipids Junget al(2003, Onunogbet al(2012)

FlavonieC glycosides have also been reporebriadendraiomentosurfDossajet al 1983).
RivereCruzet al.(2005) isolated sakuranetin, a flavanondghdrviaxican mistletoehoradendron
robinsoniiwhich had aibercular activity. The individual flavonoids present may vary with mistletoe/t
combinations (Dosetpl 1983).

1.8.4.2 Phenylpropanoids

Phenylpropanoids are the largest single category of PSM produced by (Kigtkémap 0GRS,
Korkinaet al.2011) Phenylpropanoids are induced as a response to stresses such as pathogen att
physical and UV damage, nutritional deficienciesragalation of development, growth and flowering
(Solecka 1997)

Examples of reported biological activity arm3lataenl A Three phenylpropanoid glycosides have
been isolatedViscum albu(@eliormaet al.1999and also the phenylpropanaidrie acid derivatives,
caffeic, ferulic and sinapic acid and their degradatio(Pbiddu300)
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Table 14 Examples of biological activity of phenylpropanoids

Biological activity Reference
antioxidant Koncet al(1998, Korking2007, Ferrerest al(2008, Vicagt al(2012)
anticancer Itoigawat al(2004)
antiviral Kernaret al (1998, Galveet al(2006)
antiinflammatory Korkinat al(201), de Cassia da Silveiral(2014)
wound healing, and antibac| Didryet al (1999, Galvert al(200§, Hemaiswargh al(2011)
antidiabetic Nicasi@t al (2005, Thonf2007, Onget al(2013)
cardiovascular Panossiaet al(1998, Mubarakt al(2012)
antiplatelet activity Panossiaet al(1998)
1.8.5 Alkaloids

Over 5000 different alkaloidpounds have been identified. Many are confined to a single genus
sub familgHenry 1949, Evans 20@@kaloids are more common in annual rather than perennial plan
specieglLevin 197®ut when present are highewvirleaf than mature (Eafckwooet al1979)

Reports of the presence of alkaloids in mistletoes in the literature are rare and much of the work
been confirmed by isolation in pure form or structure dugigatienextreme lability cildegypes of
alkaloidKhwajaet al.1980, Khwagt al.1986, Blussing 2000, Pflller 20B@gjeet al.(1986)xlaim to
have extracted alkaloids Yfimcum albuin var. coloratum Olewgporatgcrudesxtract and prodhuga
brown gummy residu&huhen subsequently testedlkaloids were identified nor were the results of any
alkaloid identification tests presented. Recently two novel amino alkaloids were detected and charact
Viscum alburfAmeret al.2012) The alkaloid rubrine @ngthylglycine hydroxide) was reported in
Phoradendraobrumwhich is parasitic on the mahogany sBecsetsr(isnahogap(\Westet al.1967)
Swietenianahogarns reported as containing several different bitter tastindSzkghitsal.2009)

There are no other reports for alkaRlts@uendrapp

Janzeret al (1984 analysed the alkaloid content of three ages of leaf from 80 species trees at Se
Rosa including the 4 host tree specestised BhoradendroAlkaloids were onlfedted in young and
middle aged leavesTabebuia ochracétis therefore unlikely that host derived alkaloids would be preser
in the consumed mistleRimradendron quadrangulgn@ving on either host tMagilkara chiote

Guazuma ulmifolia

1.8.6 Miscellaneous constituents

Other classes of compounds identMisdunor Phoradendranclude phytosterols and triterpenes
(Wagneet al.1998, Pfiiller 2000, Légeztinezt al.2012) polysaccharides and poly alc@Pfoiker
2000) Mistletoe content of monosaccharides and(Aalgetsal.2003) carbohydrat€gscheet al.
2004a@nd amino acifisscheet al2004bgalso vary with host and season.

Variations in mistletoe constituents and biological properties maydbbyirttheenesources
available to the host tree, its habitat and its phéeologyalbuyrgrowing on the willow is used mainly as
a sedative, whereas when growing on the pear is used as a cardiovascular medicine, and when grow
hawthorn is usedabypotensive diiRpnossiaet al. 1998) Seasonal variations in the types of constituent
or biological activity have been refBdedddrischeet al.1993, Schallet al.1996, Schallet al.

1998, Urecht al.2011) These host and seasonahtians are exploited by manufacturers of mistletoe
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medicinal extra¢gcheeet al.1992) Seasonal variation has been reported in antioxiddOnastiasr
et al2006)and antidiabetic actii@gadebet al2010)

1.8.7 Nutrient supplemeiatat

Phoradendrapp, as a paragitplantacksa speific mechanidor uptake of nitrogen and minerals.
Mistletoes are dependent upon diverting resources frof@aidehdSi83Yistletoeare physiologically
dependent on the host for water and inorganic nutrients e.g. nitevgaocegadfrom the host xylem
(Ehleringest al.1985b, Ehleringstr al.1986) Mistletoebave no access to host phloem. Phloem tissues
have bidirectidrfiow between leaf and root. Mistletoes must therefore compete with the host for wate
adjust to seasonal variations in host physiology and xylem composition. Host plants cycle mobile nutrie
as potassium and phosphorus between xylem andHphleeen once acquired by a mistletoe there is no
possible translocation back to the host, due to the lack of phloem connection between [fb&teand mistlet
et al2010) This leads to mineral accumulation in mistletoe leaf. Chemical arsbsieavesistiowed
higher concentrations of potassium and sodium by comparison (Htiiethiegassal. 1985a, Stewart
et al.1990, Glatzelt al.2009) This dependence on host state creates seasonal variations in resourc
available to the mistte The levels of both sodium and potassium may be exploited beneficially or ma

toxic.

1.9 Geophagy Introduction

Geophagy is more common in the (psn 2003a, Wilson 20@3&yphagy may be considered
a type of setiedication. Geophagy has been observed in many animals, as diverse as reptiles (tort
invertebrates (the isoplednilepistus reaumuriammals (elephafiti)ldcet al.2002, Holdet al.2004)
and bird¢Brightsmitlet al.2004, Symest al.2006, Brightsmigh al.2008) Geophagy specifically in
primates was reviewed by Krishnetnad(#000and more recently, Feetaal (2008) reviewed geophagy
in 23 species of New World primates.

Many hypotheskave been put forward for the practice in humaosjamoprimates and other
vertebrate (Younget al 2011). The hypothesesre been divided into adaptive/beneficial such as
detoxification, mineral nutrient suppereetinte oantiparasd, the mitigation of symptoms by behaving

as an antidiarrhoeal or an antacid and ssdapiore aberrant behaviour.

1.9.1 Detoxification

Geophagy as a mitigation of potential PSM in dietary items has been suggested plohreny authors
1986, Johnst al.1991, Klaust al.1998, Symest al.2006, Brightsmith al.2008) Detoxification is
commonly linked to consumption of the PSM classes of alkaloids, phenols and tannins.

When ingested dietary toxins must survive the gastric pH, the potengi@hzgemsdind pass
through the gastric mucosa to reach the blood stream in order to exert a systemic effect. The s
mechanism for uptake of a molecule is by passive diffusion from a high to a lower concentration. |
diffusion is dependent upensize of the molecule, its lipid solubility and degree of ionisation and tl
mucosal surface area available for diffusion. Hence any property of geepizhgduol aitgrs one of
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thesemay either increase/decrease toxin uptake. Detoxifioatioonly celated to the clay minerals
presenfWilson 20033,

The pharmacokinetics ofarganic interactidresbeen studied under gastrointestinal conditions and
adsorption is generally either througpdciamge and/or physical adsofptiore etl. 1983, Theng 1979
in Bergayat al.2006h) Naturally occurring alkaloids have been shown to be effectively bound by cl
(Bergayat al 2006). Sorption of higileculaveight cations has been shown to reach adsorption levels
that exceed the catxchange capacity of the clays (Betgdy806).

Exposure to classes of PSM is influenced by diet choidd€7HAfaatikiucted analyses of 382
species available to and the 38 foods eaten by chimpanzees in Gabon and reported only 15% as cc
alkaloids. Hladik (1977) suggested that the alkaloids werdasiih¢o tioe chimpanzee, concentrations
were insufficient to be toxic or the plant material was not eaten in a sufficient quantity to be tox
chimpanzees were often seen eatiwgebel0g geophageous material twice daily. Hladik (1977)
concluded that in this instance the function of geophagy was more likely to be related to tannin anc
contentColobus guerezdso chose food items based on micronutrient and proteamadobédre
content and food itesakected were low in alkaloidsaanthgFashingt al2007) Acutely toxic alkaloids
and cardiaglycosides are found at high concentrations in new leaves whereas higher concentrations
less toxic tanningmolics are found in mature leaf (Roetveab@879). Consumption by red leaf monkey
(Presbytis rubicuhad the highest amounts of soil coincided with seeds eaten in August, which had ven
levels of tannins whilst at times when higher keweilssofvere consumed no soil was ingestecetDavies
al. (1988)concluded that it was unlikely that soil was eaten to absorb tannins. The circumstances
Colobusand the red leaf monkey make detoxification of tannins an unlikely hypothgsmmdgr the geo
observed.

Schaefeet al.(2003kuggested that ripe fruit in a tropical forest belongs to a continuum ranging fr
high nutrient value and low levels of PSM to poor nutritional value anepligimgaStruits rapidly
taken from the tregsvertebrates were selectelipfdrand carbohydrate canfants high in water and
phenols were avoided and unripe fruit had high levels ofSuheedéeisal 2003)Cazettat al (2008)
reporting similar resudtowedhat ripe fruits rapidly consumed by vertebrate seed dispersers are nutrie
rich and low in tannins and phenols. Wetndke{2000)analysed 14 speciesFafusin Panama (3
commonly eaten in Santa Rosa) and found tannin levels below thelgdeldéiendatet al.(2000)
hypothesiskthat fruits chosen for protein content will be low in tannin as tannins bind to proteins making
unavailable or, where chosen for carbohydrate content, would have very low tannin levels, only suff
reduce fungal and insect attack. &s(2006suggest that animalsidvaw limit theonsumption of PSM
to levels #icanbephysiologically toledafehis avoidance of PSM calls into question the need for frugivore:
to use geophagy for detoxgiicati PSM. Other types of toxin which may harepgsetine produced
by bacteriéFioramondt al.1987a, Fioramoaetial.1987b, Brouillaetl al.1989)and fundiPhillips 1999)
and are adsorbed by geophageous material.

The relative rarity ofgeephagy and the timing following ingeBtioradendranay be indicative
of its use in detoxification of higher levels of PSM compounds or compounds rarely edelegered by th

or exploitation of a synergistic effect.
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1.9.2 Mineral nutritiosalpport

Geophagy material selected by birds had lower or similar levels of calcium, potassium, magn
manganese and copper, compared to plant materials consumedetBalt@68)itihe mineral intake
from a typical frioétsed diet was lowetattium, iron, magnesimdium and zinc compared to a folivore
diet(Rodeet al.2003, Fashirgg al.2007) Calcium supplementation by reproductive age mammals has bee
hypothesisg@®chulkin 2000, Brataal.2008) In humans geophagy during preghasdeen linked to
populations who do not consume milk and who have a diet of toxin r{¥Mtilphentadd@®8) In this
case calcium supplementation and/or the possible protection of the foetus from toxin exposure r
functionsAtelesn Calmbia drank salido water with high levels of sodium, often a scaftzawesource
1993)

Attempts to link geophagy to mineral deficiencies in the diet are prélibesaiic arg.staple for
many primate populati@erieSilvaet al.2002, Felitoet al.2008, Paert al.2011) Eight specieskitus
are eaten at Santa Rosa (Filippo geuselnal commFrugivorous bats of the subfataigpdermatinae
who specialise &incusfruits visit sodium rich salt licks more than bats of the Gaufiméagvho
supplement their diet with insects, potential sources (@ravditial.2012) Sodium levels have been
found to vary significantly in theRaosspp. in different habitats with some Central American levels ~ 100
times higher théimose in the Peruvian Amazon, whefgctiserere very low in sodiiBravoet al.

2012)Thus not only dietary items but local habitat make direct comparisons problematic.

1.9.3 Antiinfective and Antiparasitic

The Ebers Papyriusecognised astheo r | d 6 s o | d ecotnmendediciay farlailmenésx t
including diarrhoea, dysentery, tapeworm, hookworm, wounds an{Nabsc@82Geophagy to
reduce endoparasites was suggested following observation that black howler monkeyasegting a mu
bird nest, excreted high numbers of cestode worms in {{Bctabtaguest al.1994) However,
parasite excretion in faeces may be subject to variation due to endogenous or exogenous factors and
of faecal productipfillanuat al.206)all of which may introduce a bias if only randomly encountered
samples are examined.

Knezevich (1998) hypothesised that regular ingestion of soRhesumsittedcaques to tolerate
some level of parasitic load. Thus whilst reporting that 88#dyofringp had eddt one species of GlI
parasiteonly 2%of the groupxhibited diarrhoeal symptmmdshere waso apparent deleterious effect
such as ameduction in fecundity. A significant characteristic of this behaviour was the geophagy was
linked to consumption of processed monkey chow which was used to suppl@vtadrantet dilet
1995h)In thisxampleit remains difficuluse a lack of symptoms to support the hypothesis.

Clay particles reduce the viability of the fuasjmHistoplasma capsulafuaviest al.198@,b).

The clays reduced the rate of respirdtocapfsulatuby adhering to the mycelial surface reducing the

movement of nutrients, metabolites, and gases across the mycelial wall. Adhesionft@ tB¢ surface

parasite would potentially have a similgiTaffeqisoet al.1995) Montmorillonites have been shown to

increase the thickness of the mucous barrier layer by increasing polymerisation of mucous glycor

(Leonaret al.1994) An increase thickness would reduce the numbers of infective organisms able to atta
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to the epithelial cell walls. Attachment is the critical primary stage establishing infections by bacte
protozoan parasi{@buket al2011) Any or all of thasechanisms may limit the infective load to a point
where symptoms are reduced and deleterious effects are minimal.

Virulence for many of the pathogenic l{&ababat al.2010, Reniert al.2010) fung{Johnson
2008yirus(Weinberg 199d prazoa(Wilsoret al1998 Weinberg 1998)mediated by iron acquisition
using specifically biosynthesised siderophore compounds, which scavenge iron from the envirg
Preventing siderophacton would reduce virul@vgethket al2007) Siderophies can be bound to clay
minerals, rendering them ineff¢ctivimet al.1986b, SiebnEreibacket al.2004, Mauricst al.2009)

Many geophagy sites are sources of potential parasit@ieitesitenal.1998, Pebsworhal.2012a)
particuldy those frequented by other mammals. Geophagy material as a source of infection has
suggestedhowever this will be influenced by site choices. Analysis of 42 samples used for geopha
Pemba found that none of the acceptable chosen earttostaimadsaay detectable helminth of risk to
human heal{Nounget al2007)

The wet season use of IRitbradendroend geophagy may be driven by increases in rates of
parasite infection and higher rates of infection during the wet season bed(HeEfmeapap97, Altizer
et al2006, Gonzalorenet al2013)Parasitic disease traission is density dependadDonnellgt
al. (2013 concluded thet more seasonal environnuarisity dependent parasitic diseases are likely to be

morevirulent

1.9.4 Mitigation of symptoms

1.9.4.1 Anti diarrhoea

Knezevich (1998) suggested that geophagy and the lack of diarrhoea were linked. The gec
material consumed by Rmesus macaqueontained both clay minerals kaolinite and smeectite
montmorillonite mineral. A charactdristantonorillonites is the ability to adsorb large volumes of watel
(Baeshad 1955, Bergatyal 2006a)This potentially slows down passage of material through the intestine:
permitting water to be absorbed preventing diarrhoea. Bacterial endoyopitiasicalso cause
diarrhoea. Montmorillonites adsorb the mycotoxin T2 and toxins\fitwahuckdlbsaducing increases
in gastric motility induced by the toxins hence reducing Fienathomait al.1987a, Fioramoetial.
1987h)

Geophgy by grizzly bears to alleviate diarrhoea related to seasonal changes in diet is suggest
Mattsoret al.(1999)Bears had emerged from hibernation and had consumed mushrooms and large amc
of ungulate meat. The geophagy material was alscotaghiim pin which bears are deficient when
emerging from hibernafMattsoret al.1999) Diarrhoea may also relate dbange in nature of the
carbohydrate contained and increased dietary fiereggidted to parasite infections. Mountas) gorilla
(Gorilla gorilla beringém Rwanda suffer from diarrhoea wheristtaseasonal changethe main
constituent of tliéet to >90% bamboos shdotmdinaria alpjn&ymptoms appear to be relieved by
consuming a halloysitic natural(dattanegt al.1995a)Bamboo shoots have high levels of potassium,
carbohydrates and dietary(fleleke 2013 change to predominantly bamboo shoots may tefaporarily
cause diarrhoea due to the increased potassium load. This may be mitigatechgdiiorthef cdagu
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mineral and its cation adsorption effect. Muscle weakness may occur as a result of low potassiun
following clay ingesfi®averancet al1988)

Kaolinite minerals such as halloysite differ from montmorillonites and arbiodlya dblécd
amount of water to their charged sBacgayat al.2006a)Davist al(1988) suggested antidiarrhoeal
function for geophagy by red leaf moRkestsy{is rubicupdeeporting the main clay minerals present
were kaolinitic and ahetloysitic minerdiaviset al.(1988)compared it to a human medicinal product
Kaopectate®©, containing kaolinite previously available to treat diarrhoea, using this to support their hy,
The original Kaopectate© and a later modified pmduithdvawn from market following failure of the
efficacy testing by the USA Federal Drug Administration (FDA Safety Report 2004).

Kaolinite, similarly to montmorillonites, interacts with the intestinal mucosa, leading to chan
intestinal morphologyl & the expression of several cytoskeleton proteins. Kaolinite ingestion slowed ©
gastric emptying and intestinal transitimwatgvoinoet al.2012) 6 Sal i d dcOntawwimgtclayma t e

mineralsjonsumed would have limited effectidardesineramorphology and possible hydration state.

1.9.4.2 Antacid acid neutralisation

Geophagy in human pregnancy is often associated with nausea and vomiting of the first trimes
alleviation of heartburn and other symptoms in tlagdaf¥oshget al.2010) Antacid properties are
dependent upon the chemical and mineralogical properties and sample pH. Above pH7 there is &
likelihood of carbonate minerals being present, which have antacid properties. At higher pH geopt
maerial may contain soluble alkaline salts; hydrolysis of such salts would release alkali or alkaline
cations e.g.Ca, Mg, Ba. Both carbonates and alkali salts under acidic stomach conditions would exhibi
properties. Acidic geophagy mateagltal atgso have antacid properties depending upon the amount of
aluminium oxide/hydroxides present. One such mineral is gibbsite, an aluminium hydroxide minera
occurs mainly in weathered tropical and subtropical habitats. The pH of saprelesniedarelghe
literature and the presence of gibbsite un¢dfisuon2003a)

Rapid anaerobic fermentation of highly digestibie fbedenlarged forestomachotdbibe
monkeysganalogous to that of ruminaats)ead to the production of largards of volatile fatty acids.

The subsequent decrease in forestomach pH may caosmda{@oltenboth, 1976 in Daeieal
1988). Clay minerals are able to adsorb organic molecules, such as volatile fattgtealid98@)avies

This property is unaffected by the pH of the clay/geophageous material.
1.9.5 Nonadaptive hypotheses

1.9.5.1 Cultural

Geophagy has a long tradition in both Central America and West Africa. It has persisted as a
behaviour in migrantyagoons to North America, where the original function is no longer a significant is
(Hunter 1973, Hunter 1984)Idren are the largest proportion of consumers regardless of nutritional, he

state or socioeconomic status. Hunter suggestdttina tsarismission, (Hunter 1973).
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1.9.5.2 Famine food

Whilst not consumed as a food substitute it is associated with the consumption of wild varieties of
in Andean, Mexican and Native American pofitdétisn$98@nd in the productioraadrn bread by
both Native Americans and Sicfllahsset al.1991) These are examples where geophagy permits
exploitation of a marginal food in food species, poor habitat or times of scarcity whilst mitigating the
effects of PSM associatddtivitse practicé3omingt al2004)

1.9.5.3 Physiological imbalances

Micronutrient disturbances lead to disturbances in brain enzyme functions which may drive crav
induce changes in taste sensitivity making geophagic material more palatable (von Bonsdurff 1977; Y
al 1977; Chisho&nal 1981 and Prasad 2001n Youref al 2011).

Voigtet al (2008) concluded that the specific function of geophagy at a particular site is related t
physiological condition and requirements and the taxa of the animal visiting the site and there will be 1
overrichg function applicable to visitors to a site. Thus, interspecies and intersite comparisons at

necessarily appropriate when attempting to postulate a nutritional function.

1.10 Physiologically Based Extraction Techniques, PBET

Human PBEIh vitrodigestion models have been developed by many different organisations
investigate the availability of nutritional minerals and the toxicology of metals, pesticides, plastic resid
organic contaminants such as myc¢@ameret al.2003, Oomest d. 2004, Versantvoettal.2005)

These models have also been used by the pharmaceutical industry for testing the release of dru
different formulations. There is a difference between bioaccessibility and bioavailability. The am
substance leased from a potentially toxic source, pharmaceutical formulation, soil or leaf matrix int
digestive juices is defined as the bioaccessible fraction. Bioaccessible fractions can be variable and a:
50% of the constituent present in the swatrc{Oomeret al.2002) Oral bioavailability describes the
proportion of the bioaccessible material that reaches the systemic circulation and so is available to inte
physiological systems either beneficially or as a toxin. Theredvadatile tvaction is dependent upon

the bioaccessible fragtRubyet al 199%,1999)

Much of the work investigating the properties of geophagy materials has been criticised by
(2003a)as not being under physiological conditions and thisoha#ise letbvelopment and use of
Physiological Based Extraction Tests (PBET) in the analysis of geophageous material. In addition, the
of the published work on efficacy of plant extracts related to material not obtained under physiological
conditions. There were no publications using PBET conditions relating to plame¢diektiod self
geophagy in primates when this project commenced. The development and use of a tailored moc

considered appropriate for the investigatioakemdethis project.
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1.11 Aims and Objectives

The aim dhisproject is to investigate the possible functions of geophagy and the consumptiol
maturePhoradendrdne aves by Ge of fAtelesyeoffiogiliving niSdntarRose Natidnal y
Park, Costa Rica. Therdfmproject has two main focuses. The first: to characterise the geophagy mate
consumed AtelegeoffroyiA determination of the phybiemical characteristics of consumed geophagy
materis will enable comparisons with published primate geophagy literature. There is currently no pu
work relating to geophagyteyesgeoffroyat Santa Rosa. The second is to undertake a preliminary
screening of a simulated gastric digdmiratiedronleaf eaten bAteleggeoffroyin order to determine if
the phytochemistry suggests a possible functidgthfmattendraxonsumption. Thegular consumption
of mistletoe leavesAtglegeoffroyat Santa Rosa is of particular interest asehwwepreviovports in

the literature of a primate consuming mistleto€Hegwege tiss three specific aims.

Specific Aim:1To determine a possible function for the consumption of the geophageous mate

This will be achieved in the fajlov@nner:

Objective 1 To identify any clay or other minerals present in the samples using Munsell© co
characteristics, determination of Water content, Loss orRayibdfraition spectroscopy (XRD), Infra

Red spectroscopy (IRRRay Fluoresoce (XRFEnd the pH of sample material.

The results from these techniques will permit some broad comparison with previously published
data as many of the hypotheses for the function of geophagy are determined by the nature of the clay
cantent and pke.g. mineral supplementation). These properties also detstetnitimeof toxic and

antinutritive toxins, gagirotection and antibacterial andaaasitic activity.

Objective 2 To develop a suitahtelegastric modelander to investigate the behaviour of geophagy
samples in physiological conditions.

The use of such a model provides information about the physical behaviour of geophagy mat
simulatedtelesGl conditions; in particular pH, may influelbelathieur of colloidal and clay materials.
Plant digests produced in such a model would also more accurately reflect plant bioaccessible extrac

than those obtained from organic solvent extraction.

Objective 3 To identify the physibemical chacteristics of the geophagy material using Inductively
Coupled PlasmaMass Spectrometry (M¥), Laser Diffraction Particle size analysis aWiblelitra
Spectrophotometry (UV).

Results from the HUIB techniques can provide information on theonipasition of the material
including the nature of any clay minerals present. In addition, results can provide an indication of the
of any potential biologically important nutritional or toxic minerals and which would be potentially avai
absorption. Results from the Laser particle size distribution, aggregation and interaction with the mt

determine the potential of the geophagy material to behave as a Gl protectant and the potential for ac

27



of classes of PSM. UV spectypmiiit be used to investigate the adsorption by geophagy samples of sam|
classes of PSM. The adsorption of examples from potentially important classes of PSM compoul
indicate the potential for detoxification by the geophagy material ofntheuR&Mircahe gastric

conditions.

Objective 4 To test the gastric digests for antibacterial activity against a range of bacterial species.

Several classes of antibacterial compounds have been isolated from soils. In addition clay leachz
knownd have antiacterial properties and many of the mechanisms involved are common to antiparasiti

antiprotozoal activity.

Specific Aim 2ro determine whether differences in the mineral content and the phytochemist

the Phoradendrdnfluences theelection of tHehoradendraspecies consumed and if such a selection

suggests a possible function fBhtiradendraonsumption. This will be achieved in the following manner:

Objective 5. To determine the mineral content &hdradendrdeaf usig XRF. To identify the
phytochemical characteristics of digest of the eateeaerdPtmmmadendrapecies produced from the
gastric model. This will be achievedJ¥&ing standard phytochemical screening of the gastric digests anc
Reverse Phaséligh Pressure Liquid ChromatographfP(IR. Microbiological tegtilhdpeused as a

proxy for biological activity. The gastric digests are to be tested againsactedaletyganisms.

The results of the XRF will indicate which minerals are preBaotrddeth@rdeaf. Mistletoe
physiology creates concentrations of certain elements in the leaves. These concentrations may vary
Phoradendrapecies anabsiPhoradendraombinations and may be a source of mineral supplementation

The results from these techniques applied to gastric digests can provide indicators of differer
classes of chemical components available to act either localipah ah@dértially systemically. They
may also permit differentiation be®emadendrospecies. They may permit identification of major
constituents present in eaten andatem and confirm these using Certified Reference Materials, wher

availableMicrobiology may indicate interspecies and temporal variations in activity of the digests.

Specific Aim 3 To determine whether there is any interaction when geophagy follow

Phoradendraonsumption. This will be achieved in the following manner:

Objective 6 To analyse the phytochemistry and biological activity of aPtwmmsanieadroand
geophagy digest fromAbelegyastric model. The digests obtained by digestion of both materials togett
will be analysed using UMAREC and subjected twraobiological testing.

The results of these analyses may suggest a possible function for the combined behaviours

adsorption of phytochemicals and a possible change in biological activity.
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Chapter Development of tielessastric model

This chapter relates to Specific Aim 1, Objective 2 (Sedimiév&bp a suitaBleleggastric
model in order to investigate the behaviour of geophagy samples in physiological conditions.

2.1 Introduction to development of PBET modelling

In thefield of drug development, pharmacological results led to the recognition that the total amc
an ingested product does not always reflect the amount that is measured in the body and hence the r
to a dru¢Oomeret al2002, HuAdinkeet al 2003, Le 201Bharmacokinetics (the disposition of a drug in
the body) and the factors that influenced this and thus the pharmacology became important areas of r
This led to two important concepts bioaccessibility and bioavailability.

o the bioa@ssible fraction is the amount of a pharmaceutical/nutrient that is released into solutior
an ingested material and available for absorption.

0 bioavailability describes the proportion of the bioaccessible fraction that reaches the sys
circulatioand exerts an effect.

Bioavailability is governed by factors such as the degree of dissolution, physiology and the mechze
uptake into the circulatory system.

Human gastrointestinal (Gl) digestion/dissolution processes can be simulatedi niarmeaimplifie
within vitrodigestion models permitting measurement of the bioaccessible fraction and extrapolati
potential bioavailability. Early investigations of the availability of vitamins and minerals relied upon the
vitromethods and amilmodels and were concerned with specific issues, such as the availability of it
such as iron (Fe) from dietary (Mamseret al1978hand the interaction of food constituents that may limit
its absorptiqiiallberg 1974, Hallletrgl1986) Intial simplan vitranethods were developed further as an
alternative method to administeringiwaliiotides to humans and as a response to uncertainties in the
validity of intepecies comparisons using animal models and subsequent extrapadaisodue tou
differences in metabolic procé¢@saisret al. 1958, Hucker 1970, Smith 1991, Kararli 1995,.Lin 1995)

An earlyn vitranodel to determine iron release replaced mastication by homogenization, and subije
the homogenate to a pedsthdiggtion for one and a half hours at body temfplaatloet al1969) A
criticism of this model was that as most of the dietary iron is absorbed from the small intestine and not
stomach, the simple pepsin/HCI method did not determineailebilityecd irgNarasinga Rax al.

1978) At the alkaline pH of the intestine, solubility of iron decreases considerably and at this alkaline
proportion of ionisable iron is very low. Narasiagal RH®78) added a second stage tatephe
transition to intestinal ¢ oHCHat pHi 13%and subBemgently theo o |
pH was adjusted to pH 7.5 then the digestate filtered and analysed. The work was extended further
comparison of two diffengrtstion methoflsocket al1980)

o In vitrayastric digestierbubjects presented themselves for gastric juice collection after an overnig

fast. Duplicate 0.2 g portions of a range of foods were incubated in plastieseaanifaigng 5
ml havested gastric juice &3Jor 1.5 hr.
o Simulated gastric digestPartions of 0.2 g of the same foods were incub&tbatBhours
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with a range of pepsin solutions (5 ml, 5 g/l), adjusted with HCI to pH #atggdtrametvals
of 0.2 pH units.

The results showed that the amount of Fe liberated from the sasngréateiswith pepsiGl
thanthat obtained using harvested gastric fluids. It was also higheatbanabsorption of a similar
dose measured in human stghfbayrisset al (1969) in Loekal 1980). Loak al (180 concluded that
the Fe liberated e pepsthiCl system does reftect the true bioavailabie. The difference between
pepsiFHCI and gastric juice bioaccessibility was nadeRkplaever the authors reported that it did not
appear to be due to the proteins or the mucoproteins present in gastric juice.

Milleret al (1981)adjustedhe pepsin/HCI method, even though the results from these did nc
correspond to previogsiglished humanvivaesults. This further modification iafiiiemethod took
into account the effect of changes such as pH has on iron solubility. Using this nitiléred ahethod,
(1981)howed that bioaccessibility was a functiomrai treemistry and solubility. Solubility could be
improved by the presenasobrbic acid and citric &dadhwerethen included in thidlermodelvhich
alsoinclued the following modifications: the pH change from gastric to intestinabtedal wad
reproducible and only soluble forms of iron were utilised.

Bioaccessibility and bioavailability were subsequently employed to investigate the potential to»
ingesting metal contaminants in soils and from toys by chiktra(18®)attempted to develogran
vitromethod to enable them to evatuabedioaccessibility of ingested lead (Pb) from contaminated waste
soils material. This arose following several publicatiormaromal studies, which suggested that Pb was
not readily bioavailable from mine wRsbsst al.(1993tompareth vitravailability using a pepsin/HCI
method based on the works and referenceseh a{{ld81) and @m vivanethod using New Zealand
white rabbit®©(yctoiagus cuniciliibyet al(1993) concluded that the primary factors governing solubility
and bioaccessibility were geochemical factors. The physiological factors i.e. Gl tract pH, mixing ant
times, which influence bioavailability, were comparable for mabiaissaadd so the rabbit model was
appropriate. However, the Gl tract of rabbits contains high levels of small carboxylic acids, e.g. acetate
malate and citrate due totythe of diet and digestion processes. These acids were adiatdrdo the
method. Pb chelates with simple organic acids and such complexes are more readily absorbed by the
epithelium. Tée organic acid®uld not normally be present in similar concentrations in the human stomas

Environmental toxicology resarand regulatory bodies had beernrugitignethods or animal
testing using rabbits and rats to investigate the toxicity of metal species in soil. Much of this work usin
and rats had serious limitations in that gastrointestinal mataligesgypaniffered markedly from that of
humans. From the drug industry it also had become apparent that there was wide interspecies variatit
metabolic pathwaysd between seX&nith 1991) and gastrophysiditagtinegt al2002)Reddyet al.

(1991 nighlightedhé¢ problem of interspecies compassirown byariation ithe effects of both known
enhancers and inhibitors of adsorption in humans and Thisworkattempted to eliminate, where
possible, any methodological fabsirsnight account for differences in the effect of dietary factors ol
absorption in rats and humans. The results showeehéae irom absorption data in rats cannot be
extrapolated to humans. The influence of dietary enhancers and inhihittesswasdrartain dietary
components such as meat or tea failed to influence absorptibdithgatisn humans
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A comparison of lead (Pb) bioavailabilitin fuivnanimal data with those fionvitroUS
Environmental Protection Agency (US&Riayd procedures showed lower availability from the Gl anima
data(Rubyet al.1996) attributintpis difference to much slower and lower solubility in the Gl tract of the lec
bearing minerals. Additionally, once in the small intestine, arBbdtssdtyée bound to proteins and
enzymes, in complexes with amino acids, carboxylic acids and tannins released from food. These inte
would also reduce the soluble portion available for absorption into the (Robgkestaehd96)stated
that extrapolation from an animal model to children can be made if the toxin/contaminant behaves in tl
manner in both circumstances. However, such data is limited to assessment of the exposure to (bioac
toxin/contaminant but not the uptalaefal across the intestinal wall into the blood/circulatory system i.¢
the bioavailable fractiara further revievinofivaandin vitralata baseRubyet al(1999%tated that:

fall of the animal models currently in use for bioavailabilitgnasadth the possible exception of
monkeys, have substantial anatomical and physiological differences from humans, and none of these
has been validated against estimates oflswatican in children or adults. Thus it is possible that the
anmal models used most extensively to date (rats and swine) may produce relative bioavailability es

that are not equal to those in homalisp 3 7 0 3 ) .

Even with these limitations, these animal models, with adaptations by other researchers, were L
several years in environmental toxicology, and had been used by the pharmaceutical industry for te:
release of drugs from different formulBEhiemssues of inter species differences and problems of validatior
of results were the drivers for developing specifin mitnsarodels, which more closely replicate the
human digestive amdaption processes. Ooetea (2002) reviewed five of the most widely vised
digestion models:

(1) Simple Biological Extraction Test (SBET) method of the British Geological Survey, this is a
compartment (Static stomach model), without food. (The SBET method wabybetsald on (Ru
1996, 1993).

(2) the DIN 19738 Rimiversitdt Bochum, adampartment model (Static GI model), stomach and
intestine; with the addition epoviler.

(3) RIVM (The Netherlands), a three compartment model (Static Gl model) and contains ar
comprtment using simulated saliva; without any food.

(4) Simulator of human intestinal microbial systems of infants -p{SeghilEe (LabMet/Vito,
Belgium), a twompartment model (Static Gl model) with the inclusion of cream and baby milk.

(5) TIM methodlieNeaherlands Organisation for Applied Scientific Res@aibis TIN® specially
manufactured piece of equipment using a complex computer controlled system, (Dynamic Gl 1
The system is able to mimic peristalsis, has oral and gastric compatiaszdschathges in
gastric compartment pH together with separate duodenal, jujenal and ileal compartments, age
computer controlled pH and delivery of simulated secretions. There were also differences

residence times, content and sourcesetiosecomponents.

The DIN andiW utilised simulated gastric fluid (SGRnatatez! intestinal fluid (848gd on
formulations developed by RetaldRotard (1995) in Wijnagidd.2003)The GermadIN19738:2004
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07 (Deutsches Institut flormung e. V. Heraus§emdandmethod was developed for the investigation of
0 bsorption of organic and inorganic pollutants from contaminatedsoil material

The results @bined from a midth roundrobin assessment of these models utilisindied Certi
Reference Soil were analysed (Garak2002). The results showed that, for metal contaminants, the singls
compartmeitstomach only conditions gave higher bioaccessible values than did models with multiple ¢
compartmentsdicatinthat gatric pH was the main cause of the difference in stomach and extended
model result®omermet al2002concluded that, in the case of metal released from soils, the fasted, low |
gastric model gener at ed t thafedSaredwvasmoreraepesentaivee n a |
of 6averaged cases.

The model developed in O@hah(2002) was subsequently used for investigation of the effects of
constituents and GI conditions on the bioavailability of potentially toxic meig@oumneréh alo
2003, Oomeat al.2004) The use of this model was extended to other fields. TéteaD@0@RModel
was used to investigate availability of organic as opposed to metal contaminat&ensdotasst
al. 2004, Versantubet al.2005) Theresultsreported the method as providing reproducible results for
mycotoxins and suitable for using in risk assessment for exposure to organic food contaminants.

The major problem with data obtained from such models is thatotl@eeified Reference
Materials suitable for use because of the varieties of matrices that would be required. Consequently,
almost no experimeimalivadata available against which to validatevitnenethods. Usually animals
with similagastrointestinal tract characteristics to humans, such as immature swine, are preferred anc
been shown to be reasonable anal@asteett al.1997, Casteet al.2006) Where animal trial models
are carried out, there needs to be additioealtetstiow how the animal bioavailability can be related to
human bioavailability. None ah theaesting regimes using animal modkeleéa validated against
estimates of metals absorption in either children or adults, due ttufre dfisecnmetals of interest
hence data fram vitraests are difficult to interpret. Some validation of a stomach phase test used for
determination of lead in house dusts was obtained by correlation with blood lead levels of the children
the houss where the dusts were sampledgRali®99).

The Bioaccessibility Research Group of Europe (BARGE) is a research network formed in 2012 f
human bioaccessibility of significant toxic contaminants in soils such as arsenic, lead #ml cadmium
gastrointestinal tract. It has undertaken collaborative research and developed ia karanonised
physiologically based bioaccessibility procedure for soils, céidéesHBARGE Method (UBM)UBM
in vitrdest has been validated for argadmium and lead against a juvenilénswiremode(Wragg
2012) It is currently the recommended method in UK, France, Netherlands, Belgium, Portugal and S
and is under consideratin other European counfoeghese contaminants. It aimstandardise
procedures worldwide.

In the field of pharmaceutical studies of bioavailability, the most frequently cited Viitm@iations of
assays concerns the qualitative and quantitative deficiencies in the metabolism of test chemicals in col
within vivaassays. These and related deficiencies are particularly important considerations when test
example endocrine active substances (EAS), since several hormonally active chemicals, including sc

are derived from plants, are knaeguice bioactivation. There are currently calls to encourage the inclusic
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of the assessment of metabolism, particularly human metaboeitscassays designed to evaluate
chemicals for endocrine activity and bioa¢tlaetiogt al2013)

For geophagy studies Wil§¢2@03a)provides an overview of PBET models used to investigate
geophagy and includes a survey of species and material characteristics. He states that many of the
hypotheses for the function:

frelate to the exact natushakiiour and the properties of the clay minerals in the geophageou
materi (p. 1526) .

The review however criticises several of the 17 publications raveskedffany attempt to
determine bioaccessibility of nutrient elements in the relevant simulated physiological conditions. It h
the fact that much of the extractions reported have used only 0.1M HCI or acid ammonium oxalate at
criticiseshese limitations. An example of such a simple PBET method containing simple organic acic
pepsin adjusted to pH2 was used to investigate the bioavailability of toxic elements in soils consu
humans in Ugan@amithet al.2000) In acknowledgmetthe limitations of their modellingeRaby
(1996were not able to validatdrthétranodel against data obtaineddir@et measurement in children
stating that

fanimal models were relied upon for comparison to the PBET results, fraseidethtdtedata
from appropriate animal models can be extrapolated to humans for the purpose of exposure asse
(p.423).

One response to these comments taking the issue of bioavailability furthet ald2dDdjvitly
investigation of thesaigbtion of tannic acid a (soluble tannin), quebracho (a condensed tannin), quinine
alkaloid) and calcium oxalate by kaolin minerals-comparttiinent simulated gastro intestinalc{Gl) tra
environment. BetweerB@%reductions in the bioavailfdlction were observed when refined kaolin was
included in the model digest.

The same criticisms can be levelled at investigations of bioaccessibility and bioavailability of
compounds present in plant material ingested by humans and aromtds. i&tictic work on active
ingredients in plant material used organic solvent extractions. This is not representative of Gl conditi
may not reflect the bioaccessibility of compounds released from plant material under physiological conc

These considerations were the impetus for creating a tailored Gl model, which was more appropr
investigations of both geophagyhochdendroronsumption AtelesgeoffroyiThere were several
important factors, such as differences in momtiboltgysit time and Gl electrolyte differences, which had
to be taken into consideration in the development of a model. The following sections present these f:

detail.

2.2 Comparative anatomy

Human PBET models are based on human anatogestared phiysiology, Figure 2.1 shows the
major structurebthe human digestive system.

The principal function of the mammalian stomach is the storage of food and mixing the conter
gastric fluid to allow digestion to start. The mucosa lonrarthsesiretes approx. 1.5 litres of gastric fluid

per day. Gastric fluid contains varying amounts of the following: water, HCI, electrolytes (sodium, po
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calcium, phosphate, bicarbonate, and sulphates), mucus and pepsin. The structuresofahatdeomac
from a simple single compartment in humans to the multiple compartment stomach of ruminant anim
stomach contents empty into the small intestine, where further mixing, digestion and subsequently ak
takes place. The large imestonsists of three regions, the caecum, the colon, and the rectum terminat
with the anus.

large intestine
(colon)

small intestine

caecum

us

Figure 2.1 Diagram of principal structures of human Gl tract (not to scale: drawn in Paint®©).

The primary function of the large intestine is to absorb water and electrolytes that have already
unabsorbed through the small intestine. There are major species differences between primates, and
humans and primates with respect to bothyaaat the time foods take to pass through the digestive
system i.e. the transit tifivilon 1981, Lambert 2002)

Nonhuman primate species show anatomical specialisations to the stomach, caecum and
compared to human struc(@eiverst al19®, Lambert 1998hese are considered a response primarily
to their diet. Folivores require the capacity to deal with large amounts of structural carbohydrates
detoxify plant PSM. In many of these species, the stomach and the large intdestioedhdve most
extensive specialisation to enable carbohydrate fermentation and digestion of the structural carbohydre
This type of adaptation is se@wlmbusnonkeys, which mainly eat leaf m@Eédaimart al.2002,

Harriset al.2010) Colobusnonkeys differ from most primates in that they have a-tamgeartuliint
stomach. The forestomach utilises microbial fermentation in an alkaline environment and is separate
second acidic nfarmenting region (Lambert 1998Elesspp., the stomach is an enlarghdpk and

the duodenum, the first section of the small intestine, is a sif@apendd €ntrast to the elongated U
shape of other mammals including hi@hareset al.1980) Frugivores, suchAtgleswitha buky high

volume carbohydrate rich diet and rapid transit times require a relatively large stomach surface area
absorption to avoid loss of soluble comomettsrt 1998, Lambert 2002umans the high proportion
contributed by the smadlant i ne (O 56%) has been suggested a
dense. The different relative proportions of the stomach and the smaltetddstineggestive of a

bulky diet, relatively easily digested and absorbed bywafdaegarea (Milton 199%ere are
considerable differences in the lengths and hence the volumes of the nanitsusf coen@d tracable
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2.0. There are also considerable species differences in transit times. Milton (1981) used plastic m
placed in foods to determine the transit time foAtetedgdnffroyiThe time of first appearance averaged

4.4 £ 1.53 hours with a range of Z.7% hours. Transit time for the similar sized howleklaiteey
seniculusa folivore, is 35ul®. Transit times for humans are considerably longer. Time to empty 50%
stomach and 50% of the small intesting isoRrS each and large intestid@ BOurs, and may be as

long as 100 ho@'Donnedit al.1990)

Table 2.1 A comparison of #reatomical structures of the gastrointestinal tract. Values taken from (Milton
1981), (Chiverst al 198®and(Milton 1999)Volumes are fully distended volumes. Values for
humans incled bowe[Tortorat al2003).

Ateles human
Gl feature Length Volumé | Volume calc. as| Lengti® Volume as %
(cm) (cn®) % total Gl tract total Gl tra&
stomach 15 212 35 N/A 24
small intestine 90120 252 41 5000 56
caecum 22 5 9 vestigal
large intestine 33 95 16 140015004 | 20

2.3 Spider monksimulated gastric fluid development

Brook®t al (1963pbtained 24 hour collections of gastric fluid content franlspide he values
in Table 2.2 were determinedyastaic aspirate. A variety of pH values were recorded: pH 1.2 from 10ai
5pm, rising to pH 2.5 over a 1hr period befyweendnaining elevated betw&@pr8 and then reducing
to less than pH2 and remaining at this level betweerd(aipmThe mays were fed during the
collection period between 10&pm, a time when a mean pH 1.4 + 0.3 was recorded. The mean pt
recorded during a fasting period was 4.3 £ 1.9. Gastric aspirate contains materiatéemaboth the
and gastric fluid. Therefthe sum of the values in the formulati@u dfatsenulated saliva and gastric

media used in the final model will reflect these values.

Table 2.2 Composition of gastric contents of spider monkey &(dGIG3)

Feeding| Fasting
pH 1440.3]43+1.9
FreeacidmEq 62+ 17 | 4+£6.6
Total acid mEq 81 +20 | 11+£9.9

Na mEq/l 56+22 | 97 +18
KtmEqg/| 21+3.0/14+3.0
CImEq/l 126 £ 23 107 £ 12

As stated in Section 2.1 a comparison of the 5 models, listed in Oomen et al. (2002) and revie!
Intawongset al (2006) showed there was a lack of consistency in methods being used in bioavaila
testing. Because none of the existing modeétsl rbfdedata fatelegTable 2.2) it was decided to adapt
the DIN 19738 method, Table 2.3. This model was initially used to investigate organic and inorganic
soils. It had also been used with modification by The National Institutaltbf &hblith&l&nvironment
(RIVM), The Netherlands, to investigate bioavailability of toxins in foods (Versantvoort et al. 2004, Ver:
et al. 2005). The RIVM modification involved the use of three digestion fluids modelling mouth and

and intaial fluids. The Danish Environmental Agency also modified this model for their work, taking el
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from both models (Grgn 2005).

TheAtelesad hoanodel developed in this thesis was based upon the DIN 19738 method simule
mediashown iTable 2.3, adified to reflect the data in Table 2.2. The sample/liquid ratio, incubation tin
and the type of mi xifnags tweedrée nteatkheond f(rao mmotdhief i6eS
Brandon et al. (2006).

Table 2.3 Composition of gadtuid(Gl) DIN 19738
Saliva Gastric Juice
salt mg/100m| salt mg/100ml|
NaCl 50 NaCl | 290
NaSCN 15 KCI 70
NaSQO 55 KHPG | 27
NaHC® 15 pepsin*| 100
KCI 45 mucin* | 300
KHPO 60
CaCl2HO | 15
mucin* 75
Uamylase* 25
urea 100
uricacid | 10

*amylase, pepsin, mucin = bovine source

The PBET methods wusually wuse a r atetiald20@8f 1: ¢
reported that even ratios 1: 108000 did not produce significantly different extraction profildsl@\ ratio of
was chosen to enable the maximum investigation of the limited samples available. Therefore, the
chosen werel0Oml simulated saliva + 30ml simulated gastric fluid. The combined volumes of saliva
gastric fluid used were chosen sucletr@utheccupied approx. 20% of the poatsldespp. stomach

volume to allow for the presence of food.

2.3.1 Electrolyte Calculations:

In order to calculate the required amounts of the salts in the media the following calculation:
performed, ingthe following val(&able 2)4

1 mEq Na= 22.99 mg; 1 mErK39.098 mg; 1 mEG-C35.453 mg

Table 2.4 Calculated results for the range of the major constituent ions, found in the feeding data, Table 2.z
Brooket d. (1963), required infthal 40ml of combined saliva and gastric fluids.

Sodium| Ngt Na" Potassium K*mg/l | K* Chloride| o1 cr
MEQ/ | mgy mg/4om| | MEA/! mg/4oml | MEA | mgy mg/40ml
34 781.66 | 31.27 18 703.76 | 28.15 103 3651.66 146.07
56 1278.44| 51.14 21 821.05 32.84 126 4467.08 178.68
78 1793.22| 71.73 24 938.35 | 37.53 149 5282.49 211.30

In order to calculate the ion concentrations in the DIN 19738 nesdsatkeristiwing proportions

usedare presentedTiable 2.5.
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Table 2.5 Percentage of individual ioeaah salt, listed in the DIN 19738

Salt Molecular wi Na % | cF % | K %
NacCl 58.44 39.34 | 60.®

NaSQ | 142.04 32.37

NaHC®| 84.01 27.37

KCI 74.55 47.56 | 52.4
KHPQ | 136.09 28.73
Cad 110.98 63.89

2.3.2 Development of simulated salixéefespp. model

Saliva volume chosen (10ml) is representative of that produced by 2 minutes chewing at a flow
5ml/min in response to a stimulus (Versaitala2004). The calculations for ions preddhlin
simulated saliva DIN 19738 are presented in Table 2.6

Table 2.6 Calculated sodium, potassium and chloride ions in 10ml, simulated saliva DIN 19738 method
Saliva | mg/100m| mg/10mi N&t 9 | K*9 | CF % | Namg/10ml K+ mg/10ml ﬁ; Lo
NacCl 50 5 39.34 60.66| 1.97 3.03
NaSQ | 55 5.5 32.37 1.78
NaHC®| 15 1.5 27.37 041
KCI 45 4.5 52.44| 47.56 2.36 2.14
KHPG | 60 6 28.73 1.72
Cad 15 1.5 63.89 0.96
Total in 10ml saliva | 4.16 4.08 6.13

The initial pH of saliva secretion in humans is pH 7.4 and is produced at-4GloWnatendie
responding to stimuli such as to a sour taste or a hard pebble (¥eat2fttorBaliva, in addition to
the electrolytes, contains two major types of protein secretions, a mucous secretion containing m
l ubricati on a nahylasd enzyme for thendigestion of starches.d U

2.3.2.1 Nonelectrolyte constittgen

Mucins are extracellular |1 arge highly glyco
rich in the amino acids threonine, serine andvjurcilnsgre an example of salivary RPRiliheProteins
(PRP), and may be secreted or botimel taucous membrgBansiket al.1995, Bansikt al.2006)
Salivary constituents such as PRP and a second class of peptide, the histantins, vary with species. Bc
constituents bind to tannins with histantins binding twice as many RiRBRinEaamohs in diet may have
detrimental effects as a result of binding to (a) structural proteins and amino acids in the lining of the
(b) enzymes and food proteins so reducing both the digestion and absorption of proteins and amir
(Benek 2002)

Dietary proteins form large complexes with tannins preventing them from being digested and ava
the animal. Excretion of such complexes is a significant cause of protein loss ifMoAraiaials
1995, Miet al.2003, Muelletarvey 2006)lonogastric mammelg, pigsvhen fed with a diehtaining
leve$ of tannins between 6% dry foragexperience depressed growth rates, low protein utilization,

damage to the mucosal lining of the digestive tract, alteratioetiontloé esxtain cations, and increased
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excretion of proteins and essential aminhe@tis above 5% in the pig may h@itdtabd iMueller
Harvey 2006).
There are also species differences in the aiRRRt and histantins secretezkeTdiffences
have been linked to dietary type. Grazers primarily consume grasses and consequently have low
exposurandhave been shown to haag low levels of PRFheir salivén contrast browsers, consuming
leaf, stem and bark material have ehighiehdietary tannin expa®obbingt al.1991, Robbins 1994,
Bennek 2002nd higher levels sdlivaryPRP. Amongst the primates, the lowest levels of tannin
consumption is found in insect eating tamarins and squirrel monkeys with levitlsimoesssingfruit
and leaf consumpt{@zeret al.1978) Salivary PRP bind to dietary tannins proportionately greater than t
dietary proteins. This preferential binding results in reduced faecal nitrogen losses by jmewénting prote
complexormation. PRP containspEtific nitrogen and-essential amino acids which make them less
costly for an animal to exploit rather than using up valuable dietary protein or aminoeaatls (McArth
1995). This is therefore an economical mechde&mith potentially deleterious dietary tannin levels.
Tannins are astringent; astringency is the sensation caused by the formation of complexes b
tannins and salivary FR&ed 1995 telesare able to discriminate tannic acid solutionesdraadat
the 0.1mM levglaskeet al.2000) This level of discrimination mayAaéitasspp. to avdihigher tannin
levels in theelection of food items and additionally utilise plant proteins more efficiently. The high sensit
Atelego tannins in foods (Lastkal 2000) was the rationale behind including an oral component to simula

the presence of PRP in saliva.

2.3.2.2 Mucin source

In order to more closely resemble human and primate secretions it was felt necessary to m
malification to the type of mucin used from that used in the DIN Model. Two types of mucin produs
commercially available:

mucin from bovine -sudixillary glands Tyge 1

muan from porcine stomach Type Il

Grazers such as cattle have relatively soiatiaxillary glands and have reduced levels of PRP in
their saliva compared to browsers and onfRiwbbéset al.1991) Porcine secreted Mucin type I, is the
closest to human secreted nfiBeneVilaret al.1998) It was considered that tlidyat would be more
suitable for thatelesmodel than that of bovine origin used in the original models. No alteration

concentration was made to the values used in the human simulation model.

2.3.2.3 Uamylase source

The sowmyd asfe Was -Amylaseoenzgnies vary éram. tisstk to tissue between
species and within a single sp@riggeet al.1995) Differences in amino acid sequences between human
salivary and pancreatic amylases have been ({8eayiietial 1995). As cattle are grazer/ruminants there

may be structural differences between bovine enzymes andribaoseaofl nboman primates.

38



Table 2.7 Formula used fatelesimulated saliva, modified from DIN 19738

Salivamg/.00ml
NaCl 50
NaSO 55
NaHC® 15
KCI 45
KHPQ 60
CaCl2HO | 15
Mucin 75
Uamylase | 20
urea 100
uricacid | 10

However Hwameg al.(1997showed that there was approx. 70% structural homology between human &

bact emylaseHu man samylvaseg Was not widely commerc

amylase was chosen as a substitute for human amyldselesmibeel, in place of the bovine amylase
used in the DIN 17938 mddél.e
polymers. The simulai¢elesG |

e namylase actd on interraids of long chain carbohydrate
f 1l ui d -ahnaysl arseed uccoendt elhamylageTcantehte 2 .
was reduced to reflect the monkey dietary content of soluble sugars and relative lack of long

carbohydrates.

2.33 Development of the Simulated Gastric fluidtEletimodel

The volume of gastric fluid was set at 30ml. The calculations for ions present in 30ml simulatec
(DIN 19738), are presented in Table 2.8

Table 2.8 Calculated sodium, potassiuratdmidde ions in 30ml, simuggtstlic fluidIN 19738
Gastric fluid| Mg@/100ml mg/30mll Nat % | KF% | Cr% | Na“mg/30ml| K* mg/30ml| CI mg/30mi
NaCl 290 87 39.34 60.66 | 34.23 52.77
KCI 70 21 52.44 | 47.56 11.01 9.99
KHPO 27 8.1 28.73 2.33
Total in 30ml Gastric flu| 34.3 13.34 62.76

The sum of the calculated values found in the combined 40ml of DIN mixed media (10ml saliva al
gastric fluid) are presented in Table 2.9 together with an illustration of the deficits when compared to th
found in thételesdata from Brooksrq8kset al 1963). Calculations were then performed to enable
additions to the gastric media formulation in order to address these deficiencies. Several different com

were attempted and the pH measured, before arriving at the final f@rifula, Table

Table 2.9 Comparison of the values in the DIN media with those calculated A= i@saseiraie (Brooks

etal. 1963)

Additional
required Saliva
+Gastric mg/ 40m

DIN 19738 valuesy/ 40ml derived fron
(10ml Saliva + 30ml Gastfiaple 2.6
and 2.8

RangeAtelescalculatedng/
40ml gatric aspirate derivec
from Table 2.2

Na | (4.16+34.27) = 38.30 31.27 71.73 Max 33.43
K+ | (4.08+13.34) =17.42 28.15 37.53 10.63 20.11
cr | (6.13 +62.67) =68.80 146.07 211.30 77.27 1425

The findlormulae for the salts in gastric solution are presented in Table 2.10. It was necessary t
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conc. HCI acid to provide extra Cl ions and to produce a solutio2 Wwith pH 1.9

Table 2.10 Final composition of salts iAttlesad hoc model gastricliae
Gastric | mg/100m| mg/30mi| N&" % | K*% | CT% Na" mg/30ml| K mg/30ml cr
fluid mg/30ml
NacCl 500 150 39.34 60.66 | 59.01 90.99
KCI 180 54 52.44 | 47.56 28.32 25.68
KRPQ | 27 8.1 28.73 2.33
Total in 30ml Gastric flu| 59.01 30.65 116.67
Conc. HCI acid 36% w/v was used, this equat

contributed 52.50 mg Cl ions to the final 40ml of combined media, and achieved the (Esiried pH rang
2.1)2. When a higher volume was attempiad,fediiebelow 1.7 and precipitation was observed.

Table 2.11 Value for the combiAgelesimulated saliva (10ml) and gastric fluid (30ml)

ad hoc modeAteles | mg/ 10mi mg/ 30ml mg/40ml

media values salivamedia| gastricmedia| combinedAtelesmedia
Na 4.16 59.01 63.17

K 4.08 30.65 34.73

cr 6.13 116.67 122.80

ClIfrom 150 52.50

Total Cions (52.5 +122.80) =175.20

2.3.3.1 Pepsin source

The Pepsinogengkne (PAG) which is responsible for controlling secretion of pepsin is found
humans, chimpanzees and pigs. In these species it is activated by the same tissue specific mMRNA, fo
in gastric mucosa (Sogatval.1983). This was a consideratithe iselect ion of pepsin from porcine
source as it is genetically orthologous to human and more read{itumaiabbd,2003xather than
the bovine pepsin used in the original Mbdedswas no further necessity to adjust the pH as the DIN
19738 method has a pH 2, which is consistent with the pH characteristics ideptit:(l B6Byodkse
final solution, including the mucinepsih pvas prepar@dble 2.1Ztored in aefrigerator aé@ and
examined after 24 and 48 hours for signs of precipitation. Precipitation was seen in 3/5 samples of

media between-28 hours. Freshly prepared media was therefore used for each set of digests.

Table 2.12 Formula used ftelesimulated gastric media modified from, from DIN 1973
Gastric fluidAtelesad hoamodel mg/ 100n
NaCl 500
KHPQ 27
KCI 180
mucin 240
pepsin 80

2.3.4 Remaining Modifications

In addition to choosing different origins for the amylasel papmsim the following items in the DIN
model were changed:

o It was necessary to reduce the digestion times, to reflect the more rapid passage of food throt
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Ateleggut. The DIN 19738 model uses a digestion time of 2 hours for the stomsadbrahé 6 hour
intestine whilst thB/R model used 2 hours for both. The modification toA¢tledrdmsit times
were mixing with saliva fluid of 3 mins followed by 60 mins after addition of the gastric media.

o0 NaSCN Sodium thiocyaniateecreted as an amtidant in saliva, was not addedAtelbdluids,
due to COSHH regulations.

0 mudén and pepsin in gastric mddieels were reduced by ~ 20%, to reflect the reduced time availabl
for secretion Ateés associated with a reduced transit time and differences in volume/scale of 1

stomach and intestine.

2.3.5 Model Schematic

The schematic diagram of the adtblsmodel is shown in Figure 2.2, which is based on the
modified DIN 17938 /Swdlletd model of Brandomlg2006)

2.3.5.1 Sample Size

Upon drying both tiscum albugused in method developmentPlamcdendrpfSection 4)2
showed a loss of appro6®b, thus the 2.5g of dried leaf sample would represent ~5g wé&hieaf mass.
would equate to > 20 leaves depending upon the Sieresdeoidrom order to maximise the number of
possible analyses the above schematic was reduced to use 500mg leaf and/or 200mg geophagy san
saliva and 6ml gastric media. Thisgrbrapticate analyses to be performed. 15ml polypropylene centrifug
tubes were used for the digestions; this reduced the residual volume of air in the tubes whist pe

adequate mixing.

Chopped leaf 2.5¢g
and/or
1g geophagy sample

l

Add10 mBalivary Juice
Mix 3 mingt37PC

Add 30 ml Gastric J@dgsted to pH
Mix for 60 mins aé@7

l

Centrifugeffilter
Remove supernatant
Store atd€ until analysis freeze dry

Figure 2.2 Schematshowing the parameters adHeodtelesModel.
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Chapter Analysis of Geophagic Samples

3.1 Introduction

This chapter relates to Specific Aim 1(Section 1.11) to characterise thatgealpdagichate the
analytical results to the probable functions hypothesised for geophagy (Section 1.9). Briefly the hypoth
classified: 1) Adaptive Beneficial e.g. protection from toxins such as plant secondary metabolites or |
toxins ad pathogenic organisms; providing mineral or micronutrients; alleviating symptoms such as di

or excess acid or as 2) Addaptive aberrant behaviour. The latter is unlikely to be addressed by physi

chemical analyses.

Table & Examples of pd€199 primaigeophagy publications.
Species Reference Site
chacma baboons Papio cynocephalus | Pebswortat al(2012, 2013) South Africa
ursinus
bonobo Pan paniscus Beaunet al(2013) D. R. Congo
chimpanzee Pan troglodytes Aufreiteetal (2001)Ketchet Tanzania and
schweinfurthii al(2001) Gombe
chimpanzee Pan troglodytes Mahanegt al (2005) Uganda
schweinfurthii
red howler monkeys Alouatta seniculus Blakeet al (2010) E. Ecuador
red handed howler monkey| Alouatta belzebul de Souzat al(2002) E. Brazil
Phayre's leaf monkeys Trachypithecus phay| Paget al(2005) Thailand
golden bamboo lemur Hapalemur aureus | Jeannodat al(2003) Madagascar
bonnet macaques Macaca radiata Voroset al(2001) India
Japanese macaques Macaca fuscata Wakibarat al (2001) Japan
orangutans Pongo pygmaeus. Matsubayaséi al (2007, 2011) | Sabah, Borneo
bearded Saki monkey Chiropotes satanas | Veigeet al(2007) S. E. Brazil
baldfaced Saki monkeys Pithecia irrorata Adamet al (2011) Peru
MilneEdwards' sifaka Propithecus edwards| ArrigeNelsoret al(2010) Madagascar
whitebellied Spider monkey| Ateledbelzebuth Blakeet al (2010) E. Ecuador
brown spider monkey Atelesybridus Linket al(2011a) Columbia

Geophagy in animals inageasingly been reported, resulting in many more species being identified
exhibiting this behaviour e.g. with the first instance of a geophagy in a marsupial, the eastern grey k
(Macropus gigantehs)ng reported (Beshl.2013). The potehtimportance of geophagy was highlighted
in a doctoral thesis (Montenegro 2004) which suggested that salt/mineral licks should be classe
Keystone Resource for both humans and animals. A keystone resshose isrgreet on its community
or eceystem is large and disproportionately large relative to its' dBondant®96 in Watson 2001).
There have also been many publications relating to human geophagy attempting to determine the ful
geophagy e.g. (Heatyal.2003, Abrahares al.2006, Kawait al.2009, Younet al.2010, Youngt al.

2011, Abraharmasal2013). The publications, prior to 1999, specifically relating to geophagy in primates:
collated and reviewed (Krishnatnal®2000). Since then there have been fultheatipns, e.g. those in

Table 3.1. Ferratial (2008) reviewed those specific to New World primates.
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3.2 Santa Rosa Primary Geology and Volcanic history

Figure 3.1 shows the underlying morphology of the Santa Elena peninsula and the tectonic feat
the area. The Santa Elena Nappe is an overthrust of allochthonous material composed of a) ultramafic
derived from mid ocean ridge basalts aniit bhaterial which has a signature suggestive of island arc
origin with legrade metamorphism and hydrothermal alteration. (Glossary of Geological terminc
Appendix 1.2).

Pacific Ocean

A Rio Poifrero Grande
.-F"’FFFF’

Santa Elena
”fAccretnonaW Complex

Playa Santa Rosa —%,
Y 13 L d

Islas Murcielago

5km

Bahia Nancite

Sania Elena pericdodc nappe

Figure 3.1 Geological map of the Santa Elena Peninsula modified értosh( 2306

The Santa Elena Accretionary Complex is an autochthonous basaltic sedimentary suite, r
immediately below the overthrust. This includes pelagic and volcanoclastic sediments, tuffs and m
rocks. The known geophagy sample siteseate ttie BV fault adjacent to the Santa Elena Accretionary
Complex, (Figure 3.1). This is exposed within theresitotat window at Rio Potrero Grande. This unit
includes pillow lavas and radiolarian cherts i.e. sedimentary rocks wightbigisiieat@l 2006)

The Santa Rosa plateau occupies an area of approximatélgeth@@rkthe Pacific coast to the
West and the Cordillera de Guanacaste which includes the stratovulcanic complex of Rincén de la Vie
east (18 9 6 4 8D N6 BGHBO W) . The vulcanology of the ar e:
geology of the research area as the sedimentary rocks are covered by the ignimbrites of Santa Rosa
(Chies&t al1987, Chiesat al. 1992, Vogel al2004).

Larg volumes of these silicic ignimbrites, with an estimated volume of 130 cu km, are found in
and northern Costa Rica, extending from the border with Nicaragua to the city of Caflas (Mora 19¢€
geological map of Guanacaste (Figure 3.2) slkeavesitiod the ignimbrites (Orange area) which contains
the study area. These ignimbrites originate from large explosions of ancient volcanic sources, probabl
below the current volcanic cordillera de Guanacaste. Some of these flowsOdrtdrulad i point of
eruption. Between the levels of ignimbrites are small continental sedimentary deposits called epiclasti
The Santa Rosa plateau thus consists of a sequence of several deposits of pyroclastic flows, and ign
deposits gfumice and pyroclastic material, interspersed vadttuitriie sediments and some andesitic
lava (Chiesa 1991).
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Figure 3.2 Geological map showing the extent of the ignimbrites with reference to the study aceh and a geol
profile, modified fr(@miesat al1987)

Mahanewt al.(2003) provide a framework for both the collection of samples, identification of pote
control sites and the range of analyses, attempting to standardise datasoopecteittiagdmproved

comparisons with other publications.

3.3.1 Geophagy Sample Area Description

The knowAteleggeophagy sites were situated along the edge of the mesa (Figure 3.3). The top of
mesa is heavily wooded with a mixture of mature trees and understorey vegeta8of).(Finritep 83
also relatively flat; there is no gradual slope awayefigmiinich resembles the edge of an escarpment.
In many places, trees overhang the vertical faces, and there are fallen trees on the sloping areas belov
top, there is very little visible depth of soil and tree roots can be seen wheeethiees/hasle falls.
The sloping area was wooded mostly with small trees near the base of the vertical faces. There
were steep sided ridges, which extended westward and down into the bottom of the steep sided ravin

(Figure 3.4). In the valleysdmn the ridges, there were tall trees. Scattered across the area also were
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the mesa

Figure 3.3 Hi ghlig
(

he edge of the O6mesadé and the
Vi ej a S

own photograph).

boulders (1:52.0m horizontal and 1.5m vertical). These were mostly dark brown and heavily coverec
green algae, moss and fern growths and other small plants. When the boulders were hit with a small
hammer they sounded dull and wooden, like hittingavetnchateterial broke away easily with the hand,
exposing fine fibrous roots.

top of mesa

near vertical drap

™ ridges
projecting
down towards

F trail

steep sided ravines
between ridges

H-K trail across
top of mesa

slope towards P

trail
/, "

Figure 3.4 A sketch diagram showing the general topography of the area encompassing the sample sites

The vertical areas had some shelves and overhangs with many deep vertical and horizontal fi
There were distinct colour changes associated with these deep fissures. The colour of the face varied
bright light grey, pale cream, dark red emdafirest black and areas with significant surface algal growth
The sloping area was very steep, the soil material loose and crumbly, making climbing difficult. When
surface was extremely slippery. The geophagy sites were on the steep aejticahtato the top of the
mesa, belowKltrails (Figures-3.8). GPS and elevation data are presented in Appendix 1.4, Table 1.2.
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area of home range between Trail B and the stream, Quebrada San Emilio, (Figure 3.5) included tt
previouslydentifiedAtelesgeophagy sites. The known sites were close to the top of the mesa, we
overlooked by trees regularly used for feeding or resting by the monkeys and had several possible ¢
easy access routes to the geophagy sites for the Mmnkeya.along the edge of the mesa (trails K and
H) was surveyed for additional sites and suitable potential control sites.

Samples were taken from a total of 10 sites, these comprised: thré¢etessfatingdsites; a
single site identified asdpeised bg€ebusnonkeys, a site suspected as being USedusnonkeys, 5

further control sites identified as pdtaigajeophagy sites.
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Figure 3.5 Map showing the major marked trails used by primate researchers at Santa Rosa.

Site 2

Figure 3.6 View | ooking up towards Site 2 (Authorés ph

The geophagy sites useditgyeswere in situations that would be difficult to access by the only

potential predators large enough to be a threat to the lahtedxtpitally thepeedators are: jaguar

(Panthera onggumaKelis concolprand oceldat€opardus pardalisnket al.(2011b). Predation by felid
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had been reported at Santa Rosa (Sattalélld11). The knowtelessites were not easily accessed

from either ab® or below and had suitable trees for observation and quick access and retreat. (Figur
Site 2, ar\telesgeophagy site). Control sites were selected to meet these criteria and be within the t
range and adjacent to a source of mistletoe. Sidsovetiosen to meet criteria suggested by Eahaney

al.(2003), in that sites should be close to current geophagy sites and offer possibilities to the monkeys.

3.3.2 Site Collection Methods

The conditions attached to the export permits limited combined total geophagy sample material
limiting material available for testing. There were no analytical facilities on site. Within each site area,
of rocKace surface with visitfferdinces in colour or texture (Figw&8)3wkre identified in accordance
with Mahaney al(2003).

Dark red/brown
surface area

Overhang above deegp
fissure

Pale grey area

Figure 3.7 Photograph illustrating variation within Site 4

Figure 3.8 Site 7A showing the deep orange/brown coloured bands; adjacent Site 7B, (less than 4 ft. distanc
horizontally) creamy/grey colour.

Site 10, a confirmatklesgeophagy site, required deployment of climbing equipment and special
rgpework to be able to access the site, and meet Health and Safety requirements. The sample was ci
by Elvin Murillo Chacon and Norberto Asensio, on behalf of the author. Site 4 is presented as an ex:
sampling procedures (Figure3.B)9. Sapling points were chosen to be as representative as possible of
the visible differences within the individual sites (Figure 3.10) as suggested by Wilson (2003).

Multiple samples were taken in order to provide as wide a range of material fay amalysis, taki
consideration the variety of potential geological sources. The dry surface was brushed, with a stif
paintbrush, to remove loose debris and any obvious surface contamination e.g. algal growth. Table :
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example of sample collectiamde€he remaining Site Sample records are presented in Appendix 1.4, Ta

1.3.
Table 3.2 Example of site Sample Récsitg 4
No. | (g) | description | comments
19 | 38 | friable Material sampled 8m depth
20 | 12 | friable Material sampled £m deptfposition as 19)
21 | 46 | friable Material sample® tm depth
22 | 30 | friable Material sample® $m depth (position as 21)
23 | 24 | hard fragmen| 3 hard isolated fragments
24 | 28 | friable Material-2 cm depth adjacent to scrape marks
25 | 76 | friable Material from back wélicin very pale grey colour
26 | 102] friable Material from overhasgycin darkérbrown colour
27 | 34 | friable Material from deepé &m contained solid fragments (position as sa
28 | 20 | pumice? Solid fragment appearaitglar to pumice
29 | 18 | pumice? Solid fragment appearance similar to pumice
30 | 14 | fragment 3 hard isolated fragments
31 | 42 | friable Material-2 cm depth adjacent to scrape marks
32 | 108]| hard fragmen| Dense pebble like material adjacent to scrape mark
deep cracks
Figure 3.9 Site 4 Sketch to illustrate the varieties of visually different zones

THe—

Site 4 subsamples

Figure 3.10 Areas sampled within Site 4

Samples were weighed before drying and again before placing in Ziploc bags. Each sample and ¢
then processed independently, to prevent acgntamsgation. Example images (Figure 3.11) of Sample
19 show a coarse powdery material, containfinggheents, produced following gentle hand pressure.

Sample 27, was friable material taken from a ei2pth ah@ contained hard angular material. Sample 30

48



fragments of rough surfaced coarse open texture, light weight material similaumidexstoaeto p
Sample 32 was a relatively large heavy pebble.

Sample 27

Sample 30, 2
fragments Sample
32
Figure 3.11 Aut hor6s own i mages of samples from Site 4,

3.3.3 Sample Drying method development

Samplingnd storage procedures were developed on site taking into consideration the limited fac
available. Material was collected from potential sites. Samples were then taken where possible from
depth betweenr52m and then a deeper defiteb from the surface. This avoids material which would
have been exposed to rain and so may not be t
rod, marked at cm intervals, was hammered into the surface to the required depthmatbgal sample
excavated using a rigid long handled plastic palette knife. Samples were collected in clean screw topp
jars and labelled, and taken back to the onsite laboratory.

Samples to be used in method development were divided into two|ypea@deinepweighing
boats and weighed. Samples were then either placed on the work bench and covered with aluminiul
placed in a snigek polypropylene storage box together with a jar coniatlicagiSgi$ilica gel granules
(GeeJday Chemlgd.td). This silica gel contains a moisture sensitive indicator that changes colour oran
green as moisture is adsorbed giving a visual indication of the activity level of granules. The sampl
examined daily and reweighed &telays. Durirthis period the relative humidity was > 80%. The foil
covered samples failed to dry suitably in these conditions and became contaminated by insects. The
dried in the silica gel/box conditions showed a small initial mass loss (<2%)elitikihe siicasyght
green colouration and no insect contamination. After 7 days, there was no further change in mass. Fic
illustrates the colour change on drying.
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(LeftyExample Site 8 after 7 days drying (Right) Exampulaesitecnpie

Figure 3.12 lllustrating the effect of drying with silica get, détgs 5

The dried samples were transferred to Ziploc bags, double bagged. The bags weragiaced in sn
polypropylene boxes, containing silica geltéomatgge. The silica gel drying and box storage method

was adopted. Situations of sampled sites are presented in Appendix 1.4, Table 1.3.

The analytical techniques used in this investigation and their relationship to the potential fun

hypotheses apeesented in Table 3.3.
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Table 3.3 Summary of the analytical techniques used, rational for analysis and relationship to potential functional hypotheses.

Rational for analysis and relationgploifgttial functional hypothesis (Chapter 1 Section 1.9)

Anti
Comparison : Antacid/acid Nutrition/ bacterial
. - Antk . . . e .
with published . neutralisation/gastro | physiological | Detoxification | /anti
diarrhoeal . ; ; .
data protection imbalance infective

properties

Sample

Techniquecharacteristic determined Characterisation

Munsell colour characteristic

Measurement of water content

Loss on Ignition/ presence of carbonates/organi
material

o)
o)
o)

XRDi presence of clay or other minerals

IRT presence of clay minerals/organic matter/we

TV| TV Tl TV |[T|T
o

TU|T|T| T
o
o

XRF detectable elements present

ICH of elements released into gastric extract
Effects of geophagy material on potentially avail

T | U0 T

Laser diffraction parsite in variable-pté¢dia
conditions/presence of clay sized particles

Sample pH in water and KCI solution P P

UV analysis of gastric extract following exposur|
example PSM in gastric conditions

Microbiological screewpifhgastric digest P

TS




3.4 General Sample Preparatmalytical methods

Several of the analytical techniques required dry sample material of less than 2mm size. Apprc
third of a sample from eachwsitegently processed in an agate mortar using a rubber pestle, to preve
cross contamination. The resulting material was sieved using a 2mm mesh stainless steel sieve. Tht
material was then Colour characterised and used to determine tlen\éatelosston Ignition (LOI).

The remaining material was stored in sealed containers, containing silica gel, for the remaining analyse

Samples 336 from Site 5 (a poteftedlusnonkey site) were discarded following examination in the
laboratory at LIMU, as there were obvious signs of witike thegaedal (probably fungal hyphae)
contaminating the samples and condensation on the inner surface of the bags. Sbii@18.4.12, Ta

provides a summary of samples collected and analyses undertaken.

3.4.1 Munsell© Colour Characterisation

Method

Using the standard method from Rowell (1994), previously sieved, (<2mm) air dried material was
between clean glass slidesaupe a smooth uniform surface. The top slide was removed and the sam
colours determined using the Munsell® Soil Colour Charts, 1998 Revised Edition. Colours were det
between 11.461.00 hours in bright daylight conditions.

The value obtaineadnirthe charts e.g. 7.5YR 5/3 has three componénts|duespecific (e.g.
7.5YR), valuelight or darkness (e.g. 5) and chrootaur intensity (e.g.3). Chart for Hue 7.5YR can be
found (Appendix 1.4, Figure 1). A typical colour descriptorewouldtee f or m 7. 5Y 5/ 3

results are presented in Section 3.5.1.

3.4.2 Determination of Water Content%at 105

Soil materials contain-mameral related water, the amount depending upon the presence of orgar
material and the precediagther conditions. Even aftdryimg the material will have residual water, the
amount dependent upon the characteristics of the material and the humidity of the rdgnmgised for ai
Moisture content of collectedtiad soil samples may ohahging storage (fluctuations in air moisture,
temperature, oxidation of organic matter, loss of volatile constituents). The storage conditions adopt

attempts to mitigate these changes.

Water content is determined after drying in an oven’iel@fethods used were those routinely
employed by soil scientists (Rowell 1994etPa2007). The temperature maintained for a defined period
of time, is sufficiently high to eliminate free forms of water and sufficiently low not tnt#es®e @f significa
organic matter and unstable salts by volatilizatiet 6P2081).

This analysis was conducted approx. 10 weeks after collection, following arrigaltiof samples
laboratory in Livergotibwing the methods in Pahali(2007 pagdsl13). All samples were analysed as
a single batch.
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Method

10.0+0.2g previously stored, dried, sieved < 2mm fraction of each sample was weighed into
weighed porcelain crucible. The samples were then placed in a preheati] mxemigtii650urs).
After removal samples were allowed to cool in a desiccator for 2 hours before weighing. All the detern
were made in a single session, to standardise conditions. A single determination was made on each
with multiple samples tk$tem each site, with the exception of Site 10 where only a single sample v

obtained by the climbing team. Results are presented in Section 3.5.2.

3.4.3 Determination of Loss on Ignition (LOI)

The loss on ignition value is used as an estimatendérih@fcnerolatile organic matter in soil
samples e.g. microorganisms, roots/organic waste products. Organic matter begin¥Ciganitiois at ~200
completely depleted at abod€550

LOI may also contain a contribution from water linked tal tbiystahéattice plus a little residual
nonstructural adsorbed water (Retredl2007). Additionally sulphide minerals, carbonates and metallic oxy
hydroxides can modify LOI values as well, via oxidation or dehydration and this may be significant wh
is a high clay mineral content (Dean 1974, Saetiat@ioéd).

Method

Organic matter content was determined by measuring the Loss on Ignitiol@; @280, &r5D0
hours in accordance with the European Standard Method EN 15934. Following reweigstiogedf desiccat
samples used for the determination of wadenttided samples in the porcelain crucibles were placed in a,
previously heated muffle furnace and kept at 580 for 2 hours. After 2 hours & 366 furnace door
was released and whilst still hot the crucibles were placed in a desigogtdresbnsilica gel and

allowed to cool before weighing. Results are presented in Section 3.5.3.

3.4.4 X-Ray Diffraction (XRD)

Each crystalline solid has its unique charactagigtiowter diffraction pattern that may be used as a
fingerprinfior its identification, seen both when analysed as a pure material and as part-afya mixture.
powder diffraction is used for the fingerprint characterization of crystalline materials and the determir
their crystal structure. Approx. 95% oha@ithls are described as crystalline. Waysninteract with
crystalline material, aRay Diffraction pattern is generated. XRD is commonly used for the qualitative
semiguantitative determination of clay minerals @alasgo).

The Xay radiation most commonly used is that emitted by a copper source, whose characte
wavelength of the radiation is =1.5418A. When the incident beam strikes a powder sample, diffractiol
(Figure 3.13) in every possible orientation of

Using the angles and intensities of the diffracted beams a three dimensional structure m:
constructed and this subsequently used to identify materials. In order for there to be interference betv
reflected waves, the path difference musttbe aniina | number of wavelengtht

bet ween two incident waves: 29= 2d sind. Thi s
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incident radiation reflected radiation

Figure 3.13 Reflection ofrays from two planes of atoms in a sol{{lYilsmi987)

An example calculation, substituting the fo
calculated:
2x1.315 = 2d sin(22.25);d = 1.541A

The diffracted beam is detected by using a moveable detector such as a Geigericounter, wi
connected to a chart recorder . Il n nor mal us e,
angular velocity. Routinely, a 2d range of 3

powder diffraction patternHaracterisations.

Determination of an Unknown

Thees pacing of each peak is obtained by sol ut
Once all-dpacings have been determined, automated search/match routines compatmkinews of the
to those of known materials. Because each mineral has a unspeesgisoingatching thespatings
provides an identification of the unknown sample. A systematic procedure is used-byamidgsrg the d
terms of their intensity ior@gg with the most intense peak. The relative intensity is recorded as the rati
the peak intensity from pure sample to that of the most intense obsdatre peekgity s Bhd is
compared to values from databases e.g. The Interaatienfalr @iffraction Data® (ICDD®) to identify

matches.

Method

Two samples of Clay Certified Reference Materials (CRM) the KxalhdtehE@zontmorillonite
SWy2 were obtained from The Clay Minerals Society, The Source Clays Repogidig, BabiBerx,
Colorado, USA.

Sample Preparation

Samples were prepared according the Instrument Standard Operating Procedures (SOP) for the
equipment, under the instruction of Dr N Dempster, Research Technical Officer, LIMU.

Preferred orientatiooparandom distribution of the crystallites is usually the most important sing
cause of intensity variations in a diffraction pattern. Random orientation ensuresaymhancidant X

equal chance of diffracting off any given crystal laticindacenerals in the sample. Although some
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orientation is inevitable (platy minerals e.g. clays tend toward some preferred orientation), the Unite
Geological Survey (USGS) method is considered sufficient for most applications.

Samples ~ 1g wehéed at 6C before grinding in the presence of ethanol with an agate mortar an
pestle. Ground samples were then sieved using a Standard Sieve, Stainless Steel Mesh, 0.063 mr
Sieving is used to achieve even distribution. Sieved materiappas ihém the spinner holder, and a
glass slide applied to produce a flat surface. The sample is irrad@tedandtihe intensity of the
reflected radiation is recorded using a goniometer. This reflection data is then analysedriglethe reflecti
to calculate the iromic spacing (d value in Angstromlditsn). Preliminary diffraction analysis was

performed using a Rigaku Miniflex instrument (Table 3.4).

Instrumentation

Table 3.4 Equipment and Conditions for XRD analyses.
RigakuMiniFlex Phillips PW 1730
Goniometer | Miniflex goniometer
Attachment Top filled aluminium holders (spinning | Top filled aluminium holders (spif

mode).

Scanning Mog 2theta/theta 2theta/theta
Scanning Typ| Continuous Scanning ContinuouScanning
X-Ray Cu tube 30kV/15mA Cu tube 50kV/40mA
Divergence sli Variable
Scattering slit| 4.2deg
Receiving slit | 0.3mm.
Start 30 2theta 1.50 2theta
Stop 600 2theta 700 2theta
Step 0.01s 0.01s

A total of 39 samples were analysed (Table 3.16) using a Rigaku Miniflex and from these 15 (Ta
were selected for more detailed analysis and peak matching at Rockwood Industries, using a Philips
XRD instrument. Sample preparation and asialReekwood Industries, were performed by Ms D.
McCarthy, in accordance with the Rockwood SOP. Samples were selected for analysis at the Ro
facilities to provide information on the AetegandCebuseating geophagy material and a selection of
control samples. The number of samples analysed was limited by access to the Rockwood facilities
made available free of charge.

Rockwood Industries (Widnes, Cheshire), is a subsidiary of Rockwood Specialties, Inc. and Ro
Clay Additives Gmbld &outhern Clay Products, Inc. Rockwood produce and market an extensive rang
additives using natural and synthetic clays. Rockwood Additives regularly analyse unknown clay mir
this type and produce their own reference standards.

The diffractagns obtained at Rockwood Industries were compared with the internationally recogt
International Centre for Diffractiod CRIES (Joint Committee on Powder Diffraction Standards) databas
using the DIFFRACTPLUS BASIC 5 (Brukker) software, ¢otletgnoidable constituent minerals
present. This software uses the Rietveld Method (Rietveld 1969) which takes into account the instrume
sample produced variables to produce a match. This allows the use of multiple peak matching, incree

alility to match samples in complex matrices. Results are presented in Section 3.5.4.
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Table 3.5 Samples selected for analyses at Rockwood Industries.

Site Numbe| Sample Numbe Site Function

1 1 control

1 9 control

1 11 control

2 13 Ateleseating site
2 14 Atelesating site
2 15 Atelesating site
6 40 control

6 46 control

7A 56 control

7A 60 control

7B 62 control

8 70 Cebusating site
9 75 Atelesating sit
9 77 Atelesating sit
10 100 Atelesating sit

3.4.5 Infrared Analysis (IR)

Infrared (IR) spectroscopy has been used for decades to investigate the structure and chemistry
minerals. The infrared spectrum of clay minerals is sensitive to chemical composition and isomc
substitution providing information on chempcssitaom surface properties and on mineral identification
(Russell 1987). The absorption of infrared radiation is influenced, to different degrees, by the de
crystalline order and the size and shape of the mineral particles and thecleffedentitjparti

Attenuated Total Reflectance (ATR) Infrared analysis combined with high semaitisfitynfrourier
Infrared (FTIR) is considered a simple and routine technique for real world samples including clay
((Rintoukt al.1998). ATRs ia rapid, nadestructive technique, the method making it possible to obtain
spectra with little or no sample preparation, in particular making the preparation of pressed KBr
unnecessary (Madejetval2001).

Method

Kaolinites have a charatterdiagnostic absorption band at 37/@eno the inner hydroxyl group.
This band has been used to quantify kaolinites éf@d®@3). This absorption band was found to
become featureless with grinding or weathering€Kald2888). Methsdavere trialled using the Kaolinite
CRM.

Sample preparation

Samples of previously dried <2mm material, which had been stored in a desiccator with silica g
gently ground in an agate mortar, for approx. 3 min., to reduce the particl¢éosinaimmizedizrmage
isopropyl alcohol was used as a lubricant. Isopropyl alcohol was selected for the lubricant/moistening ¢
it is inert, and volatile. This technique has minimal effect on mineral structure and following evay
produces partislof a suitable size (Russell 1987, MatgjRG@01).
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Instrumentation

The spectra were obtained using a Perkin Elmer BX, FTIR spectrophotometer and its assc
software package Spectrum for Windows© PerkinElmer Inc. ATR spectra wgérg tisaihethcle,
single reflection horizontal ATR accessory from Pike Technologies (Madison WI, USA). The sampli
features a small round ZnSe crystal, which allows analysis of small samples in the spectral range of 2
650 crh The sample placed on the ZnSe crystal in a manner to ensure random orientation, and pressec
a micrometeontrolled compression clamp. Good contact between the sample and the crystal is neces:s
obtain highuality spectra (Madejetval.2001). All sareplwere analysed at room temperature, 20 scans
were performed using a resolution &f ihtenval of 2énand % Transmission (%T) as the unit of
measurement and a range ofGIIDOM.

Use of the MIRacle, ATR accessory, from Pike Technologie®V(Md&dsdnallowed direct
comparison with the values in Madgj@42001). Specific regions of the spectra were examined to
determine the presence of clay minerals together with organic material and structural water. Resi

presented in Sectidn 3.

3.4.6 X-Ray Fluorescence (XRF)

When materials are excited witlerdegdpy, short wavelength radiation -ays) Xthey become
ionized. If the energy of the radiation is sufficient to dislodge a tightly held inner electron, the atom &
unstdle and an outer electron replaces the promoted inner electron. When this happens, energy is re
due to the decreased binding energy of the inner electron orbital compared with an outer one. The
radiation is of lower energy than the praidant Mays and is termed fluorescent radiation. Because the
energy of the emitted photon is characteristic of a transition between specific electron orbitals in a p
element, the resulting fluorescent radiation can be used to detect éseofbleTdants that are present
in the sample. Results are commonly reported by instrument software as oxides.

These properties are used in the analysis of major and trace elements in geological material
intensity of the energy measured is proportional to the abundance of the element in the sample. /
calibrations are performed using Certified R&eatenieés (CRM) or by preparing specific samples with
known ratios of components. The unknown sample values are measured and the amounts present de
from the calibration dat®a}{ fluorescence is particularly well suited for investigatiaigethmtik
chemical analyses of major elements (e.g. Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P) in rock and sediment.
utilised in the analysis of trace elements (in abundances >1 ppm; Ba, Ce, Co, Cr, Cu, Ga, La, Nb, Ni,
Sr, Rh, U, V, Y, Zn) in rock and sediment. Detection limits for trace elements are typically of the ordel
few parts per million.

Preliminary data were obtained using a Shimad2Q, EdXever it was not possible to detect light
elements e.g. (Na) at levels pegngittamtification and high levels of iron (Fe) caused interference due |
secondary excitation effects. A further major difficulty was the lack of a set of suitable Certified Re
Material that closely matched the origin and matrix of the unlesowaceasgly to produce a suitable
set of calibration plots. Limited XRF analysis was undertaken at the Rockwood Industries facilities at

on the sample set analysed by XRD at Rockwood (Table 3.5).
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Method

Reference standards were prepared daaceowith the Rockwood Industries XRF, SOP (Table 3.6).

The preparation of samples and standards was undertaken following the Rockwood Industries SOF

McCarthy Senior Analytical Technician.

Sample preparation

The samples were milled for 15 mindt@we a homogeneous finely powdered sample, using a Retscl
model MM2000, ball mill, equipped with zirconium grinding jars. The milled sample was dried in an
108C + BC for minimum of 4 hours (usually overnight) and then allowed to icoatdn AmEsX.
1.5000g (+¥0.0005g) of sample was placed in a-gidirerocible together with 7.5g (+0.0005g) of
Spectroflux 100B and 0.1g (£0.01g) of ammonium iodide. The contents of the crucible were mix
transferred to PANalytical Perl'X@resqii. This is a fully automated bead preparation system and is used

fuse beads for XRF analysis. Fused beads were stored in plastic containers with foam inserts in a de

as LiB:O; (contained in the Spectroflux) is strongly hygroscopic.

Table3.6 % Composition of prepared XRF standards, using Puratronic®, J Matthey reagents (number *)
SiG AkLCs. FeOs TG MgO CaC@ NaCQ | K:LCQ
010856* 902001 | 10716* | 010897% 951001* | 010679* | 0108617 010838

Std1 | 100

Std 2 100

Std 3 30 2 20 30 8 10
Std4 | 10 25 12 3 36 4 2 8
Std5 | 25 20 5 40 4 6
Std 6 | 40 15 30 15

Std7 | 45 10 8 25 12

Std 8 | 50 5 13 2 6 20 4
Std9 | 55 5 1 4 15 18 2
Std 10| 60 8 15 4 2 5 6

Std 11| 65 10 25

Std 12| 70 20 10

Equipment and Conditions:
Phillips PW2400 Spectrometer, Instrument parameters used for analysis, Table 3.7

Table 3.7 PW2400 Instrumental Analysis conditions

Al Fe Ca K Si Ti Mg Na
X-Ray Tube Rh Rh Rh Rh Rh Rh Rh Rh
X-Ray Power KV/M, 30/100| 60/50| 30/100 30/100 30/100 40/75| 30/100 30/100
X-Ray Path Vac Vac | Vac Vac Vac Vac | Vac Vac
Col |l i mat o 700 300 | 300 300 700 300 | 700 700
Collimator mask (m 37 37 37 37 37 37 37 37
Detector Flow | Flow | Flow | Flow | Flow | Flow | Flow | Flow
Count Time (secs) | 14 4 4 4 12 4 12 12
Spinner On On On On On On On On
Filter None | Al None | None | None | None| None | None
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Two samples were prepared for each CRM and site sample; five determinations were obtained f

The data were pooled and the mean % values reportede Ressgtsted in Section 3.5.6.

3.4.7 Determination of sample pH

The standard method for measurement of pH (Rowell 1994) uses 10g of sample material and
freshly deionised water. This method was modified due to the sample size constraidekppdsed by

licenses.

Method

Samples of 5.0+0.1g;daied, <2mm material were placed in screw capped polypropylene samy
tubes. 12. 5ml of deionised 18Mq water was add
Rotating Mixer for 15 mBmsmples were removed from the shaker, stirred and pH measured within
seconds. The pH was determined using a PHM85 precision pH meter.

Differences in pH occur when the electrode is placeslimacmitpared to the supernatant after
the soil hasettled. The differences are more pronounced with soil pH in water compared to elect
solutions. The procedure was repeated substituting 0.1M KCI solution, to determine the salt pH.
electrolyte solutions avoids variablatailpH due tofeliénces in background salt levels in different soils

and improves electrical conductivity in the electrical circuit for pH measeteah20it @Miller

The comparison of pH (KCI) and@Hptdvides an assessment of the nature of the netaharge on

colloidal system: The formula used is:
PH(KCI) pH(HO) = ph

Results are presented in Section 3.5.7.

3.4.8 Laser Diffraction Particle Size Analysis

Traditional particle size methods such as sedimentation and pipette were notvenjtdinitddr the
amount of each sample available; it was therefore decided that Laser Diffraction (LD) was the most ap
technique.

LD has the following advantages: it provides a wide range of size classes including many data pe
e m, i t tedhriqueaindeperméntdof the particle density because it providessad/distribution.

Pieriet al(2006) compared particle sizes obtained by three techniques, sedimentation, LD and Sce
Electron Microscopy. For all the soil sampétal2606) measured, the LD method yielded a smaller clay
fraction than the pipette method and a larger silt fraetiai2P@8) concluded that the LD method is a
valid method for particle size differential analysis, even though it pravides miatdutly comparable

with the classical sedimentation methods.

A Coulter LS 13 320 LD Particle Size Analyser was used for analysis. The associated software
two measurement techniques, Laser Diffraction Scattering with Mie decdPwlalused brtdnsity
Differential Scattering (PIDS).
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Elastic light scattering (ELS) is the main method for the characterization of particles of sizes rangi

microns to mm. In ELS the scattered light has the same frequency as the incideiritégbttyaoid th

scattered light is a function of the particl ef¢
Table 3.8 Factors effecting light scattering from particles and particulate suspensions
variables

scattered light intensity of a particle particle dimension, particle refractive index, medium refra
index, light wavelength, polarization, and scattering angle

scattered light intensity from a particulg

. particle concentration and paptidiele interaction.
suspension

Sampleconcentration is adjusted such that the sample will scatter enough intensity to enable
measurement to be completed with a desired signal to noise ratio, but not to scatter so much as to sat
detecting system.

If the sample is uniform, theesedtintensity is a function of scattering angle, particle shape, anc
particle size. A major assumption in a light scattering measurement is that the refractive index and di
particles in the sample are uniform, which is unlikely for geolegicBhisaogm be mitigated by the
choice of appropriate Optical Model parameters (Table 3.9). A composite scattering pattern is meas
detectors placed at angles up to ~ 35 degrees from the optical axis. The size distribution of this co
scatteng pattern is deconvoluted and the relative amplitude of each pattern is used to measure the |
volume of spherical particles of that size.

Deconvolution based on Mie theory of light scattering is based on assumption that the particl

spherical

Mi e Theory d < @&

Mie theory describes the interaction of light with a particle of arbitrary size (sizes < inciden
wavelength) as a function of angle, given that the wavelength and polarization of the light are known
the particle is smimospherical, homogeneous, and of known refractive index. It can be used for partic

20pm.

Polarised Intensity Differential Scattering PIDS)< o

Combining the polarization effects of light scattering with the wavelength depesmtgiese at high
extends the lower size limit to as low as 40nm, almost reaching the theoretical limit. The PIDS as
provides size information for particles in th

particle size distributions Op.to8 € m.

Application of Laser Diffraction (LD) analysiSpbod\imal Particles.

The patrticles in the sand and silt fractions are more likely to resemble a sphere, while in the clay
particles are often flat-gisgped depending on the tyglayominerals characterizing theizéafraction.
In sedimentation, a 8pherical particle tends to settle with the maximgectonak dimension
perpendicular to the direction of motion. This assumption results in decreasing the eq(imademt diamet

settling times) with overestimation of the clay fraction. In LD techrsphesical mpamticle reflects a
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crosssectional area which is larger than a theoretical sphere of the same volume. This effect res
increasing the equivalé@arndter, with underestimation of the clay fraction, because a patrticle is assigned
larger size section of the distributioet(Ri2006).

3.4.8.1 Sample Preparation, primary analysis

The sample preparation method oeEah@004) and Zwi(2002were used. Approx. 200mg of <
2mm sieved material, was dispersed in 10ml of a sodium hexametaphosphate solution 0.5%w/v.
hexametaphosphate is present to maintain particles in suspension and retard settling or flocculatic
replicatesf each sample were prepared. The samples were placed on a Grant Multifunction Rotating
rotated at room temperature for 24 hours. Samples were then introduced to the LS 13320 and data r

for 10 consecutive runs of 1 min.

Instrument and AnayGonditions

The Mie optical model (Table 3.9) was used as it is considered as providing a better estimate

distributions in clay materials (deBaldi987, Pieet al2006). Table 3.10 contains instrument settings.

Table 3.9 Optical Modehrameters, particle size
Optical Parameters
Refractive index water 1.33
Refractive index geophagy material* 1.531.56
Imaginary Refractive Index content** 1

*Refractive index Soils {Bigiet al2006and 1.56 (Buurmetral 1997) were uséat size analysis. *Imaginary
content for Refractive index of 1.0 was chosen as this was suitable for lightly pigmented metal oxides or highly co
materials.

Table 3.10 Instrumental conditions, particle size
Parameter Conditions
Sample loading Standard obscuration > ]
Sonication prior to initial analys| 10 seconds Level 3
Run time 60 seconds
Pump speed 50%

Data corresponding to the particle size fractions, of the Udden Wentworth classification (Table 3.1

obtained.

Table 3.11 UddeAVentworth grade scales, particle size
particle size um Descriptive terminology
<2 clay Clay
2-4 very fine silt
41031 fine , medium and coarse| Silt
31t062.5 coarse silt
62.5 to 250 very fine and fine sand
250 to 500 mediunsand Sand
500 to 2000 coarse and very coarse sg
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The scale devised (1898) by the American sedimentary petrologist J.A. Udden was adapted (1922)
Wentworth, who expanded the definitions of the various grades to conform to actual usage by rese

(Rowell 1994). Data for each site was pooled for analysis. Results are presented in Section 3.5.8.

3.4.8.2 Effect of pH and Gastric media on Particle Size

Mucin as a macromolecule (present in the gastric media) may exert an influence na the partic
distribution. Commercially produced mucin contains a range of different moleculaewaib®®s)YBansil
Epithelial mucins are responsible for the viscoelastioramdggpltoperties of mucus, which forms the
protective layer covering ejpitoejans. This layer protects the stomach lining-digestatoby the HCI
acid in the lumen. Porcine gastric mucin at concentration > 10mg/ml in solutions of low ionic strength s
100 fold increase in viscosity when the pH is redue2@mosiet al, 1995). The increase in viscosity
was due to the formation of very large aggregates, ~10,000um, at pet2a(B#@Ramwho also
reported a similar change occurring in a simulated gastric flatdaBli&&igrhad prepared. Hewe
the pH induced mucin aggregation was prevented by increasing ionic strength.

The mixture of simulated saliva and gastric fluid (10:30) contained 30mgAte lessiriulates
media differs from the DIN 179738 (DIN. 2004) human replacéméatameckatrations of NaCl and
KCI. The calculated ionic strength due to these salts at the DIN fluid concentrations is 0.0368 and th
Ateleamedia is 0.0621, (calculations performed using the lonic strength calculator, www.lenntech.con

increased ionic strength ilteksnedia may influence the degree of aggregation.

Sample Preparation and Method

The effect of both pH and simulated gastric media on particle size distribution of the CRMs ki
KGa2 and montmorillonite 2\gndsite samples was investigated. 100mg samples were dispersed in 5n

of the following conditions in Table 3.12.

Table 3.12 Test solutions used in investigation of pH and Gastric media on Particle Size
solutions pH
18 Mq dei oni leamhetaptodpleate Soluton @5%w/m 6.7
18 Mq deionised water/ sodium hy(2
Combined (10:30) simulated gastric media 2

The solutions were pH adjusted using High Purity HCI acid (Hydrochlofit inci D3 D9v899%
trace metals basis; Sigxithiich) and measured using a PHM85 precision pH meter. Samples were mixe
a Grant Multifunction Rotating Mixer, placed in an incyGafkor &0 87ins. Two replicates of each sample

were preparefamples were then measured as previously stated. Results are presented in Section 3.5.

3.4.9 Adsorption of Plant Secondary Metabolites

Clay minerals and clay sized particles have a significant environmental role, behaving as a |
adsorbent gfotentially toxic pollutants e.g. heavy metals and organic compounds such as pestic
(Bergayet al2006a, Bergaga al2006b, Churchmetnal 2006, Niet al.2006). Detoxification of PSM by
this mechanism has been one of the major hypottresdgnitiional use of geophagy in both humans
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(Johns 1986, Youwrteral2011), birds (Gileetial 1999, Brightsméhal.2008) and bats (Veigal.2008)
detailed in Section 1.9.1.

3.4.9.1 Potential type of PSM exposure from diet

Predominantly P8Blong to either the polyphenols or alkaloids classes. The presence of both toge
may render them inactive as polyphenols and alkaloids interact to form insoluble compé&xs (Hagerm
1981, Janzest al.1984) Janzen also noted that in troplcadédropical vegetation that alkaloid content
decreases with increased concentration of condensed and hydrolysable tahning984dhza&lkaloids
can reach levels of 1% dry weight in tissues related to reproduction e.g. flowers asdlaeaadsidghere
are commonly found in leaves, stems and fruits (Wink 2010). Plant phenolics increase wih exposure
radiation (Sullivenal 1992). Altitude and latitude also influence levelst(adh388, Frohnmetral.

2003).

There hasden much speculation in the literature about the presence of PSM in fruits. Fruit pulp is
as a plant mechanism to aid with dispersal and so it would be counterproductive to have high ve
deterrent compounds present (Scbaefie2003, Cazetit al.2008). Smaller amounts remaining from
protection of immature fruits may however persist (Mack 1990). Unripe fruits have higher levels of |
acids (tannins) in their outer cell layers @rakR908). Fig trees in particular have divegsity of
consumer species (Kalkal.1996) and it was argued by Janzen (1979) that this was due to an absence
toxic secondary compounds. Figs constitute a significant pAtetooditems; this suggests that
there is little toxic miatguresent or thateleshave a mechanism for dealing with its presence or any PSM
compounds present may be beneficial. Saalzd®84) detected high levels of condensed polyphenols in
the leaves of the strangler fig varieties found at Sattig Roséd suggest that condensed polyphenols
and not alkaloids would be potentially present in fig fruits. Alkaloids are reported as being absent in
(Jordano 1983).

3.4.9.2 Potential type of PSM exposure from mistletoe

A literature review of the REldsedikely to be present in several species of Viscaceae was
conducted. The review indicated the main types of potentially toxic compounds likely to be present (.
1.8.41.8.6). Adsorption studies were limit@apmucals with aqueous solubility and were not attempted for
the potential mistletoe constituent peptides and terpenes.

There is much literature relating to the adsorption of amino acids, peptides and polyamino acic
clay minerals (Hedgtsal.1987, ihget al.2002, Ikhsaet al.2004). Hedgest al.(1987) found that
kaolinite adsorbed (acidic) anionic amino &6 @@&ake whilst adsorbing < 6% polar, neutral amino
acids. Kaolinite also adsorbed basic cationic amino acids (~80% remastal)lBYcaftthe neutral
amino acids were taken up by montmorillonite abut very little of the acidic (anionic) amino acids were ¢
on to montmorillonites. Both the viscotoxins and thionins are cationic species and can be extracted |
aqueousonditions, and so would be expected to be extracted and so present in simulated gastric med
toxins potentially may be adsorbed. It was decided that adsorption studies of the peptide types, viscotc
lectins, present in mistletoes would notértaken due to the highly toxic nature of the suitable referenc

material, and their highly controlled status.
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Terpenes are a large family of PSM and are known to be the primary constituents of essent
(Harborne 1998b). Terpenes generaliy pabibaqueous solubility and so will not be considered for
adsorption studies (Breitmaier 2006). It is unlikely that terpenes would be extracted in the short
extraction exposure to gastric media solutions.

The specific model compounds udbe &iudy were the alkaloids ephedrine HCI, quinine HCI and
berberine; the tannins gallic and tannic acid, and naringin as a flavonoid. Model compounds were a
grade obtained from Sigma Aldrich. Whilst these specific individual compodieaisfieer@snateisent
in diet or mistletoes they represent classes of compounds potentially to be present in aqueous extract
compounds were also selected on the advice from Rockwood Industries. The compounds represent a
different shapesdsizes and complexity of molecules, factors which would influence the ability of a
mineral to function as an adsorbent. The compounds chosen also represented both potentially to
beneficial classes of PSM and compounds used by othegraittiogspptential comparisons. Following
identification of chlorogenic acid, a phenylprof@mmiddéndron quadrangetstracts chlorogenic acid
was included in the study.

These compounds were analysed using UV spectroscopy. The applaaiiiredfdta (oriuVv
Vis) spectroscopy has been used for many years (and remains so) in analyses of plant phytochemi
(Perryet al.2001, Andersem al.2010, Stalmaeh al.2012, Takematd al.2012, Khoddaeti al.2013).
Polyphenol compounds ka t wo char act er i sfainthe 24885 and 36860 @t i o n
range. The various flavonoid classes can be recognized by their UV speataa(20d6)serhe

number of compounds tested was also limited by the quantity sdmetphagifable.

3.4.9.3 General Method Development

The method of Brightseiithl.(2008) was used as the starting point for the adsorption developmer
work.

Ranges of different concentrations of quinine hydrochloride dihydrate (Sigmarégdreth)irmwere p
fresh deionised water pH adjusted to ~2.00. The solutions were mixed for 50mins on a Grant Multi
Rotating Mixer placed within an incubator equilibr&@d Sangies were allowed to cool to room
temperatur e bef odx@ndemthess pHrcendittonst usimgfa PérkineElmer Lambda 25
UV/ Vi si bl e Spect nsovpvelengtio caldraten data Wesei obtgned. The aqueaus pH2
calibration data was used to determine a suitable concentration range to baingatidaratibtation
data in combined gastric media, pH~2.00 (Figure 3.14).

Method

Freshly prepared simulated saliva and gastric media were combined in the proportions 10:30, |
polypropylene centrifuge tubes and the appropriate volumstoflqaolinen added to provide solutions
of the same concentration range of the pH2 aqueous calibration plot. The solutions were mixed for 60n
Grant Multifunction Rotating Mixer placed within an incubator equibSaedpieSWere alloveed
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Figure 3.14 Calibration data for quinine HCI in both water pH2 and Gastric media pH2, centrifuged for 45 min

cool to room t emper atnd The solotierfs o simulated raeslia weeernleuayt ando
not suitable for UV analgamples were withdrawn and placed in micro centrifuge tubes and centrifuged
15, 30, 45 and 6 Onxand absorbante oflthe supdinatant veasdetermiheel, usng a
Perkin Elmer Lambda 25 UV/Visible Spectrophotometer. Solugjedsatetirdnd 60 mins were clear

and provided calibration data similar to that of the aqueous pH2 solutions. Future work used a centrif
of 45 mins, for the remaining adsorption work.

Preliminary adsorption work used four samples of approk.SE0Opig 41 for the initial adsorption
determinations in pH2 water using two concentrations of quinine HCI solution. Sample 41 was chosel

was one of the largest samples available so was suitable for this sacrificial work (Table 3.13).

Table 3.13 Adsorption data for Sample 41, method development.

Sample | initial quinine | total quinine | UV guinine remaining| total quinine adsorbe;
mg conc. mg/ml | mg Absorbance | mg/ml mg/mg sample
99.92 0.075 1.875 0.9022 0.0564 0.0047
93.50 0.075 1.875 0.9054 0.0566 0.0049
97.53 0.060 1.500 0.7100 0.0442 0.0040
96.98 0.060 1.500 0.7096 0.0442 0.0041
99.92 0.075 1.875 0.9022 0.0564 0.0047

As a result of the development work it was decided to use a concentration of 0.06mg/ml for

quinine/rock adsorption Wtnik. development process was then applied to the remaining model compoun

3.4.9.4 Method Developmetatnnic acid and gallic acid.

The presence of mucin in the simulated media presented a potential problem for the applicatior
guinine HCI methtm tannins. Polymeric porcine mucin comprises 16% protein per mg of glycoprotein &
rich in serine, threonine and proline equivalent to 43% of total aminetaalii®96pgannins bind to
salivary proline rich peptides.

Calibrations wereaibéed using pH2 aqueous, simulated media electrolyte solution pH2 and simule
media (proportions 10:30) pH2 without mucin and with mucin. The calibration plots (Figure 3.15) fo
including the mucin is suggestive of an initial adsorptionharthdittheabsorbance at the three lowest

concentrations (0@018mg/ml) followed by a steep rise betwedh@R6¥ag/ml).
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Figure 3.15 Comparison of effect of calibration media on tannic acid UV Absorbance
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Figure 3.16 Comparison of Calibrafilots for gallic acid.

This may be due to saturation of the available binding sites with tannic acid. As can be seen the
major difference between water pH2 and the pH2 electrolyte mixture (without any mucin or enzymes)
the Gl media. lasvdecided to investigate the adsorption of tannic acid using the pH2 media without the |

present. A similar problem was not experienced with gallic acid (Figure 3.16).

Method Adsorption studies

Concentrated solutions of the PSM model compoyrdpavedein pH2 adjusted deionised water,
such that 200pul added to 7.8ml media gave a UV absorbance near the upper end of the calibration plo
simulated media solutions were prepared using pH adjusted deionised water. Media was tti@n mixed in
10:30 saliva/gastric media. 7.8ml aliquots were placed in 15ml conical polypropylene centrifuge tul
200mg+10mg of the geophagic sampleg5nd W% or 50mg+5mg KGavere added to the tubes.

The geophagic sample mass to media ratio vedelltbelgigeophagic material in 40ml stomach contents
(19 occupied approx. 1ml). Lower amounts for CRM were used following results of adsorption deve
work.

Tubes were then mixed on a Grant Multifunction Rotating Mixer for 60 mins, in &f0ncubator a

After 10 mins 200 pl of PSM test solution was added to incubated tubes and the mixtures incubate
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further 50 mins. A tube of media alone was prepared as a blank for the analysis. A further tube of m¢
test compound was prepared to aseoasrol standard.

Following incubation the sample tubes were placed in a refrigerator for 10 mins to cool and allow
materials to sediment out, aliquots were then removed and placed in micro centrifuge tubes and centri
45 mins at 12,5060m. Samples were then analysed using a Perkin Elmer Lambda 25 UV/Visi
Spectrophotometer, the residual concentrations of model compounds in the tubes calculated a
adsorption of the model PSM (mg/g clay/geophagic sample) calculatedexcel@li@@dirResults are

presented in Section 3.5.9.

3.4.10 ICRMS Determination of mineral released

High concentrations of protein materials and inorganic salts may cause deposition in the instrum
may cause the nebuliser and the apertursampiiag cone to become clogged (Vandeeasibele
1993). This may cause variable flow rates and reproducibility issues. Therefore, it was necessary, be
investigation of the geophagic samples was undertaken, to investigate the imigacedidhsolyaisins
on the analytical technique.

An ICRMS instrument uses a plasma as the ionisation source (ICP) and a mass spectrometer
analyser to detect the ions produced. It can simultaneously measure most elements in the periodic t:
detemine analyte concentration down to the sub nanogram/litre {pegflxraligpacppt) levels. It can
perform qualitative, squodintitative, and quantitative analysis. Sample preparation and use of the instrur
were undertaken under the superisis. P. Riby, LJIMU.

Polyatomic interferences ilMSRire caused when ions generated from the plasma, the sample, or
combination of the two carry a-tmelsarge ratio that is identical to that of the analyte igfhagy. Fe
interference due tambination of Argon from the plasma and>@xy@emhe isotope with the highest
abundance is usually the form measured however in this case it is compromised by the interference. T
to incorrect ion counts being recorded. It is therefaey heatssose to measure a different isotope e.g.
Feé4and avoid the high background due to interference by 56 mass unit ions.

Nonspectral interference is due to a change in signal intensity that is not related to the quadrupole
analyser, and maydrhancement or suppression and results in over/under detectbal (t&9idhg
These are due to the components within the matrixet@liVa886) showed that matrix effects, due to
easily ionised elements, was in the order Na >Mg >luggesiad that biological specimens containing
relatively large concentrations of easily ionized matrix elements, e.g. Na, K, Ca, and Mg makes an:
these samples difficult. Aleéegastric media has high concentrations of Na and K.

These limitatis are taken into account with the use of external calibration and internal stanc
addition. Any internal standard should undergo identical matrix suppression or enhancement as the
analyte elements. Internal standards are most appropritgoforofietitered delivery rates such as
blocked orifices (Firlepeset al2008).

Instrument:

A Thermo X SERIES 2; (Thermo Scientific, MA), Inductively Coupled Plasma Mass Spectromete
MS), with associated control and analysis software.
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InternabtandardRhodium, Rl3recovery

Rhodium (Rh) is added as an internal standard and used to calculate concentrations and corre
decrease in signal during analysis. It was therefore necessary to determine if there was any signal r

due tohte media components.

Method

Prior to use all tubes and glassware equipment was soaked in 2% nitric acid in deionised we
24hour s, removed from the acid wash and rinse
placed upside dowdiain. Once dry all tubes were capped, before use.

Bl ank solution of 18Mq deionised water and
clean conical polypropylene centrifuge tubes. Samples were mixed on a Grant Multifunction Rotating |
60 mins, in an incubator &E.3Following incubation, the sample tubes were centrifuged for 45 mins
13,000 rpm, to attempt precipitate the protein, bbBranglysis. The centrifuged gastric media solutions
were filtered through nylon 0.4%mmgs filter. Filtered media was then placed in clean polypropylen
centrifuge tubes, with nitric acid (nitric ac
Sigma Aldrich) and Rhodium standétddRltion (PlasmaCal, 1000@@RScience) 10ppm to provide
1:5, 1:10; 1:20, and 1:100 dilutions (Table 3.14).

Five determinations were obtained for each dilution, a including the blank. The Rh recover

determined for each of these dilutions.

Table 3.14 Schedule for preparatiatilofed, ICP samples

Dilutions

1in 10| 1in 20| 1in 25| 1in 40| 1 in 50| Blank
Gastric media(ml) | 2 1 0.8 0.5 1 0
Nitric acid (ml) 04 04 04 04 0.5 0.5
RH®SSt andar|20 20 20 20 50 50
Deionised water to (| 20 20 20 20 50 50

Results of RRkecovery for Gastric Media

Initial RKr ecovery for the 1:100 and 1: 5 dil uti
values for the 1:100 dilution at the 5th determination had dropped to 82% with %RSD >5%. There wel
signs of depositiontlea cone surfaces at the 1:100 dilution. Thedmed¥ery and its deterioration over
the time of the analysis may be due to the presence of the protein materials and inorganic salts in th
media having several effects on the equipmenintdatamsideration these issues and the small amount of
samples available it was decided that the geophagic digests would be undertaken using deionisec
adjusted to pH2 using HCI (Hydrochloric acid, 37 w/w %, 99.999% trace metalsldigisjs TBgma
presence of mucin in the gastric media would have created a further problem as gastrointestinal muci
affinity for metal ions in the following patterddFef> PB* > ZA*> Cé*> C&*> N4a, Cs (i.e. M+
>M*>M (Powekt al1999). This may have reduced levels to below the Limit of quantification (LOQ).
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Sample preparat@alibration Standards

A multelement, 10ppm stock solution was prepared from commeebahesingl®00ppm
calibration solutions (PlasmaCALBihgeeme nt Cal i brati on Standards,
dei oni sed water containing 1% nitric acid (ni:t
basis; Sigma Aldrich). Calibration dilutions of the multi elespantostatk10, 50, 100, 150, 200, 250,
300, 350 and 400ppb were prepared containing 100 pl ofl%Gppok Rblution (Rh103 1000 ppm
PlasmaCAL) and 1ml nitric acids(HNG 0 % w/ w, purified by redisti
Sigma Aldrith i n high purity 18Mq deionised water. )
following a preliminary full element survey scan. These were elements of potential biological activity wt
also present at levels which would permitajicantifice elements were : B, Na, Al, P, Mg, K, Ca, Cr, Mn,

Fe, Co, Ni, Co, Zn, Se, Mo and Ba.

Sample Preparation

500mg + 10% geophagic samples were placed in polypropylene tubes together with 8 ml of higl
18Mgq deioni sed waHCeé(Hydractlprio acid 87d% w/ve, 9908PB% trace fndtals basis;
SigmaAldrich). The samples were mixed on a Grant Multifunction Rotating Mixer for 60 mins, in an incu
37C. Following incubation, the sample tubes were centrifuged for 45 mingmat té3r66hve
particulates before analysis. The supernatant was filtered through nylon 0.45um syringe filters. 1ml
samples were placed in nitric acid cleaned 100ml volumetric flasks, 100 f#3stdddppatuRbn and
Iml nitric acid (hitt aci d 70% w/ w, purified by redistildl
added and made up to volume with high purity 1

Where sufficient material was available 3 subsamples were digested and analysed but only one
was collected from Site 10. Two replicates were prepared of each sample and the two reference cla
tubes were randomly placed in tHFd$CRmple tray. A blank and an Instrument Calibration solution wer
placed after every 8th geophagy samplegalesviof both external calibration and internal standards.

Results are presented in Section 3.5.10.

3.4.10.1Adsorption/ion exchange of Fe

One of the hypotheses for geophagy is relatedatresiati or antiparasitic functions (Knezevich
1998). Howewrthese have either suggested no mechanism or suggested it may be a physical effect (D
et al2004); gastrointestinal adhesion providing a batrrier.

The ability of clay minerals to exchange cations may be significant in this scenaribapggicularly ex
or adsorption of Fe. The importance of limiting Fe availability on the viability of several clas:
microorganism and control of diseases has been extensively reported e.g. Table 3.15. Iron withhold
potential mechanism for treating rhakuadéso been investigated (Wekth&il3009) and other parasitic
organisms (Glanfieldal.2007). Geophagy in humans accompanied by anaemia has also been repor
(Younget al2010, Yourgt al2011). The potential for the geophagy samplestavaithble free iron in

both acidic (stomach) conditions and pH 6.88 (~intestinal pH) was explored.
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Table 3.15 Publications relating to effects of Fe depletion and potential infections

Publication Topic

Weinber¢975) Hosts attempt to withirold from microbial invaders
Oppenheim&001) Iron and its relation to immunity and infectious disease
Miethket al(2007) Siderophore based iron acquisition and pathogen control

Weinbergt al(2008) Iron withholding: A defense against disease

Weinbergt al(2009) Iron availability and infection

Santo®t al(2012) Effect of chelating agents on the Microorganism Development, Virulence and
Nevitet al(2011) Host iron and siderophore utilizati©enidida glabrata

Wandersnmg2010) Heme uptake and iron extraction by bacteria

Nyilaset al(2005) Iron gathering of opportunistic pathogenic fungi

Renieret al(2010) Iron Uptake and Homeostasis in Microorg&tégrhglococci

ReysLopezt al(2001) | Entamoeba histolgti€ransferrin binding proteins

Wilsoret al(1998) Iron acquisition by parasitic protozoa

Weinber@fL996) Iron withholding: a defense against viral infections

Weinber@fL999) The role of iron in protozoan and fungal infectious diseases

Method

250+5mg mg of each geophagic sample material was placed in previously cleaned (nitric acid) ar
polypropylene centrifuge tubes. 0.5ml Fe standard 1000ppm (PlasmaCAL Single Element Call
Standards, SPCScience) was added to each tube and either:

i) 9.5 ml of 18mMg deionised water adjust ec
H0, 99.999% trace metals basis;-Bignizh).

ii) 9.5ml of 18mMqgq deionised water adjusted
metaldasis, Sigma Aldrich).

Two replicates were prepared for each geophagic sample. Two tubes of each pH (without gec
material) spiked with Fe standard and two tube
Samples from Site 6, witlif@uaddition, as further controls, were also prepared. Results are presentec
Section 3.5.10.

3.4.1Microbiological Assessment geophagy samples

Soil organisms are a common source of antibiotics (Smith 20a2eGtyrland so to exclude the
presence of such organisi®sb samples from Sites 1,2,4,6,9 and 10 were tested using Potato dextrc
broth and agar pH adjusted to 3.5. Reduced pH inhibits the growth of bacteria but permits growth of

and yeasts.

Mehod

Potato Dextrose Broth (P6685 Sigma Aldrich) 12g was suspended in 500ml purified water, and
until completely dissolved. 20ml aliquots of broth was decanted into boiling tubes and was then autoc
122C for 15 mins to sterilize. The Westhallowed to cool t8C50he pH of a 20ml sample broth was
measured using universal indicator paper and
pH 3.5. 500mg+10mg of geophagic material was added to each tube and thtrenghtubsked at
28C for 48 hours.
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39g Potato Dextrose Agar (70139 Sigma Aldrich) was dissolved in 1000ml purified water, hes
dissolve and then 20ml decanted into 30ml glass screw capped bottles. These were%ufoclaved at 121
mins to stdrié, allowed to cool and the pH adjusted in a similar manner to the broth before pouring into
Petri dishes to set. 0.1ml of the previously incubated broth containing the geophagy samples was as
spread onto the surface of the agar. Hbesengre prepared for each incubated sample. The plates were

then incubated aé@Q%or 7 days, and then examined for growth. Results are presented in Section 3.5.11.

3.4.12Summary of Analyses undertaken

Detailed information rejatinthe samples and the analyses conducted are presented in Table 3.1
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Table 3.16

Summary of techniques and geophagy samples analysed

Analytical Parameters measured

Sample | Sample | Munsell | Water Losson| IR XRD XRD XRF Particle | ICP | pH | Adsorption | Microbiology
No. size (g) | Colour content | Ignition Rigaku | Rockwood | Rockwood | Size studies
code
Site 1 1 82 P P P P P P P N P [P |P N
(Control) 75 8 P N N N [N N N N N [N [N P
3 30 P P P P P N N N N N N N
4 30 P N N P P N N P N N N N
5 48 P P P N P N N P N N N N
6 42 E%Cgk. unsuitable for detailed analysis
7 18 P Y Y P P N N N N N N N
8 10 P N N N P N N N N N N P
9 64 P P P P P P P P P N P P
10 15 P N N P insufficient suitable material for complete analysis P N
11 26.8 P P P P P P P P P N N N
Site 3 17 46 P P P P P N N P P [N [N N
(Controh 7 50 P P P P P N N P P [N [P N
19 38 P P P P P N N P P N N P
20 12 P N N P insufficient suitable material for complete analysis N P
_ 21 46 P P P P P N N 21 46 | P P P
(SCItgn‘:rol) 22 30 P P P P P N N 22 30 |[P |P P
23 24 rock frag | unsuitable for detailed analysis
24 28 P N N P P N N P N N N N
25 76 P P P P P N N N N N P N
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Table 3.16 (contpummary of techniques and geophagy samples analysed

Analytical Parameters measured

Sample | Sample Munsell Water Losson | IR | XRD XRD XRF Particle | ICP | pH | Adsorption | Microbiolog
No. size (9) Colour code | content | Ignition Rigaku | Rockwood | Rockwood | Size studies
26 102 P P P P |P N N P N P |P P
27 34 P N N P [N N N N P N | N N
_ 28 20 pumice? unsuitable for detailed analysis
(S('I:tgn":rol) 29 18 pumice? unsuitable for detailed analysis
30 14 rock fragmer] unsuitable for detailed analysis
31 42 P P P PP N N N N N | N N
32 108 rock fragmer] unsuitable for detailed analysis
Site 6 39 86 P N N PIN N N N N N [N N
(Contro) g 100 P N N PP P P N N |N|P N
41 100 P P P PN N N P P P IN N
42 100 P N N PP N N P N N | P N
43 24 N N PP N N N P N | N N
44 15 rock frag unsuitable for detailed analysis
45 22 P P P PN N N N P N [N N
46 78 P P P PP P P P P P |P P
47 10 P N N PP N N N N N | N P
48 10 rock frag unsuitable for detailed analysis
49 6 rock frag unsuitable for detailed analysis
50 30 rock frag unsuitable for detailed analysis
51 5 N N N N [N N N N N N | P P
52 20 N N N PP N N P P N | N N
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Table 3.16 (contpummary of techniques and geophagy samples analysed

Analytical Parameters measured

Sample | Sample Munsell Coloy Water | Losson | IR | XRD XRD XRF Particle | ICP | pH | Adsorptior] Microbiolog
No. size (9) code content | Ignition Rigaku | Rockwood | Rockwood | Size studies
53 7.4 P N N N | N N N N N N N
54 124 P N N N | N N N P N N N N
55 34.6 P N N N | N N N N N N N N
56 70 P P P P|P P P P P IN P N
Site 7A 57 62 P N N N | N N N N N N N N
58 60 P P P N [N N N N N N N N
59 31 P N N PP N N N N N N N
60 53 P P P PP P P P P IN N N
61 58 P P P PP N N P P |IN N N
62 126 P P P PP P P P P [N |P N
63 45.7 P P P PIN N N N N |[N [N N
64 27 P N N N | N N N N N N N N
65 86 P P P Plp N N P P |N P N
Site 7B [ g6 32 P P P N | N N N N N [N [N N
67 62 crystalline tub unsuitable for detailed analysis
68 16 insufficient suitable material for detailed analysis
69 20 P N 69 20| P N 69 20 P IN |69 20
Site 8 70 48 P P P PP P P P P P P P
(Cebus | 71 34 P N N N |P N N N N |[N |P P
eating) [, 56 P P P PN N N P P [N |P N
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Table 3.16 (contpummary of techniques and geophagy samples analysed
Analytical Parameters measured

Sample | Sample Munsell Water Losson | IR | XRD XRD XRF Particle | ICP| pH| Adsorption | Microbiolog

No. size (9) Colour code| content | Ignition Rigaku | Rockwood | Rockwood | Size studies

12 34 P N N PP N N P N [N [N P

13 72 P P P P P P P P [N [P N
Site 2Ateles 94 P P P PP P P N P[NP N
eating)

15 44.8 P N N P |P P P P P |P |P P

16 52 P P P P |P N N N N [N [N P

74 74 P N N P |N N N N P [N |P N
Site YAteles| 75 56 P P P PP P P P P IN P P
eating) 76 54 P N N N | N N N P N [N [N N

77 69 P P P PP P P P P [P |P P
Site10 P P P PP P P P P [P |P P
(Ateles 100 100
eating)




3.5 Resultaind Interpretation of Results

3.5.1 Munsell© Colour Analysis

Results for the colour determination of the samples in the laboratory at LIMU are listed in Tabl

Example Munsell chart can be seen in Appendix 1.4, Figure 1.

Table 3.17 Colour results (Sites 2,9,10 confteledyeophagy sites and SiBeBusating site). ** very
pale brown describes material which could be described as cream coloured.
Site Munsell©| Munsell© Site Munsell© | Munsell©
Identit Sample | Colour Colou'r ' Identit Sample| Colour Colou.r .
y entity
code description code description
1 2.5YR 7/1 light reddish gr¢ 53 5YR 6/4 Iki)ght reddish
rown
2 5YR 7/2 | pinkish grey 54 5YR 6/4 light reddish
brown
3 5YR 7/2 | pinkish grey 55 10YR 7/4 | very pale browr
4 5YR 7/2 | pinkish grey 56 10YR 7/4 | very pale browr
- 5 5YR 7/2 | pinkish grey . 57 7.5YR 7/4| Reddish yellow
Site 1 6 N/A rock fragment Site 7A 58 7.5YR 7/4| Reddish yellow
7 5YR 7/2 | pinkish grey 59 10YR 7/4 | very pale browr
8 10YR 713 very paje 60 | 5YR5/6 | yellowish red
9 7.5YR 7/1 light grey 61 7.5YR 7/4| pink
10 10YR 7/2] light grey 62 10YR 7/4 | very pale browr
11 5YR 7/2 | pinkish grey 63 10YR 7/4 | very pale browr
12 5YR 7/1 | light grey 64 10YR 8/2 | very pale browr
13 7.5YR 7/2 lightgrey Site 7B | 65 10YR 8/2 | very pale browr
Site2 | 14 7.5YR 7/2 light grey 66 10YR 8/2 | very pale browr
15 10YR 6/3| pale brown 67 N/A crystalline tube
16 10YR 6/3| pale brown 69 10YR 8/3 | very pale browr
site3 |17 5YR 7/1 | light grey 70 10YR 5/3 | brown
18 10YR 7/3| pale brown Site8 | 71 10YR 5/3 | brown
19 2.5YR 7/1 light reddish gr¢ 72 10YR 5/3 | brown
20 5YR 7/2 | pinkish grey 74 7.5YR 7/2| pinkish grey
21 5YR 7/2 | pinkish grey Site 9 75 7.5YR 7/1] light grey
22 5YR 7/1 | light grey 76 7.5YR 7/2| pinkislgrey
23 N/A rock fragment 77 7.5YR 7/2| pinkish grey
24 7.5YR 7/2 pinkish grey Site 10 | 100 5R7/1 light grey
Site 4 25 5YR 7/2 | pinkish grey
26 7.5YR 7/1 light grey
27 5YR 7/2 | pinkish grey
28 N/A pumice?
29 N/A pumice?
30 N/A rock fragment g
31 10YR 7/1] light grey
32 N/A rock fragment
39 5YR 7/1 | light grey
40 5YR 7/1 | light grey
41 7.5YR 7/1 light grey
42 7.5YR 7/1 light grey
44 N/A rock fragment
Site 6 | 45 7.5YR 7/1 light grey
46 10YR 8/3| very pale browr
47 7.5YR//1 | light grey
48 N/A rock fragment
49 N/A rock fragment
50 N/A rock fragment
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Site 2 samples-16 and Site 6 samplesA39vere parts of a single large fragment broken into

suitable sized pieces for transportation purposes.

Photographs taken of samples illustrating the range of colours can be seen in Figure 3.17.

18

Figure 3.17 Sample 12 Light grey coel8ample 18 pale brown colour

The samples were predominantly light coloured with hue values ranging from Zh5)Bylight reddis
10 YR very pale brown. Most samples were in fliekgsbygrey in ranges. Samples from Site 5 had been

discarded as previously stated.

3.5.2 % HO content at 105

The numbers of determinations g %oHtent and Loss on Ignitioniméterl by sample size and
the need to conserve material for subsequent analyses. Replicate determinations for each sample v
therefore possible. For the majority of sites less than five determinations were possible. Therefore it

possible tondertake more extensive post\téay ANOVA analysis comparing site data.

The results in Figure 3.18 are of determinations for sub samples selected from each site. The f

used in the calculation of water content was from Rowell (1994):

% HO corgnt = (mass of®llost/ mass of air dry material) x 100

2 100-

8 T

S 80 .

é@ 6.0 - { :I_

S o

gg 4.0

£8 20 m ﬂ g

$° o BN O LT H & §
S 1 2 3 4 6 7A 7B 8 9 10
= (n=5)(n=3)(n=2)(n=6)(n=3)(n=4)(n=4)(n=2)(n=2)(n=2)

Site
Figure 3.18 Mean % #D content, air dried sample material (SEM), higttétgsiating Sites 2,9,10.

The samples were dry, dusty and friable. The catdieseating sites had free watartent
below 1.36%. Samples from Sites 7A, 7B and 8 were collected after a period of heavy rain, they had

been subjected to the developed drying protemaly @nalysis of Variance (ANOVA), was performed
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using GraphPad Prism version 4.00irfdowd, GraphPad Software, San Diego California USA,
(www.graphpad.com), P = 0.0012, i.e. there was significant variation among the mean free water cc
the samples. It is not possible to determine the source of the water which may beaterstecshef char

the constituent minerals or to the presence of organic water.

3.5.3 Loss on Ignition determinations, LOI.

The results in Figure 3.19 are of determinations for sub samples selected from each site. The 1

used in the calculation ofreeatetent was from Rowell (1994):

LOI =100 x (mass of oven dry matesal of ignited material)/ (mass of oven dry material)

2 10-

©

c

) . p

s ° n b

2= 6 -

2%

S% 4

SE

c

©

g 0 e T T T T T S bl
1 2 3 4 6 7A 7B 8 9 10

(n=5) (n=3) (n=2) (n=6) (n=3) (n=4) (n=4) (n=2) (n=2) (n=2)
Site

Figure 3.19 Mean % LOI, oven dried sample material (SEM), hisfeliggettiog Sites 2,9,10.

Oneway Analysis @hriance (ANOVA), was performed using GraphPad Prism, calculated P <0.C
i.e. there was significant variation among the mean LOI results.

Organic carbon content has been experimentally calculated as apprex(Balftisteh&t al.
2004). Théoss of lattice water in clays has also been found to contribute up tgo $&tues LOI
(Santistebagt al.2004). The LOI results indicate that there is little organic material present except pos
Sites 7A, 7B and 8.

3.5.4 X-Ray Diffraction (XRDalysis

The preliminary sample data was exported as an ASCII file and plotted using Excel© (Microsof
2010). A total of 37 samples were analysed (Section 3.4.12, Table 3.16) using a Rigaku Miniflex a
these 15 were selected (followingnatiamiof the Rigaku generated data) for more detailed analysis
together with peak matching at Rockwood Industries, using a Philips PW1730 XRD instrument
DIFFRACTPLUS BASIC 5 (Brukker) software, this utilises the Rietveld method. ahisenoétiined, bec
wholepattern fitting approach, is capable of much greater accuracy and precision in quantitative analy:
any pealntensity based method. Peak positions are determined by the crystal structure. The peak inte
reflectthetotaldcag r i ng from the each plane in the phas
the distribution of particular atoms in the structure. Intensities are a function of both crystal struct
composition of the phase. Results are commonty epksera s peak peayicaunto ns
(Intensity) asyxplot. Intensity (1) is peak height intensity, above background. A diffraction pattern shows

positions and intensity (cps).
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Determination of an Unkndladspacing of each peak isindthby solution of the Bragg equation
for the appr opr ispatings have baeredetermined, autoMaier searahfmatchdoutine
compare thegpacings of the unknown to those of known materials. Because each mineral has a uniq

of dspacings, matching thespatings provides an identification of the unknown sample e.g. Table 3.18.

Table 3.18 Il dentification peaks degree 2d)fronkaol inite r
http://webmineral.com (accessed Aug 2012).

Identification peaks from The International Centre for Diffraction Data® (ICDD®)
kaolinite | dickite | halloysite 7A
11.79 (09.)

12.34 (1)

12.42 (1
20.01 (0.6 20.08 (1)
principal XRDogpeaks deg|2L2(045
24.87 (0.8 24.87 (1] 24.51 (0.9)
35.05 (0.8)
54.62 (0.8)

56.73 (0.7
58.09 (0.9

A systematic procedure is used by orderiggabimgs in terms of their intensity beginning with the
most intense peak. The relative interettyriked as the ratio of the peak intensity from pure sample to tha
of the most intense observed peak (relative intgnaiig isldompared to values from databases e.g. The
International Centre for Diffraction Data® (ICDD®) to identify matches.

Limtations which may influence the diffraction patterns obtained are: nonhomogeneous sample,
of crystallinity, the randomness of crystal orientation, (clay minerals adopt the preferred orientation),

adsorption which may reduag reflectiaand proportion of each mineral present.

3.5.4.1 Rigaku XRD diffractograms of CRM

XRD of both CRM (Figures32A) were obtained in order to provide examples to compare the
diffractograms of site samples. Diagnostic peak values were iddididdtérotional Centre for
Diffraction Data® (ICDD®) database (Tak3e$%.18

4000+ XRD Spectra CRM Kaokt@a2
3500
3000
2500
2000+
1500+
1000

500 ‘

0 T T T T T T T T T T T
3 8 13 18 23 28 33 38 43 48 53 58

degreezd
Figure 3.20 Rigaku diffractogram of kaolinite CR#, KGa

Intensity (cps.)
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1000+

Montmorillonite CRM Wy
800 -

600 -+

Intensity cps

400

200

O T T T T T T T T T T T T T T
2 6 10 14 18 22 26 30 34 38 42 46 50 54 58
degrees d
Figure 3.21 Rigaku diffractogram of montmorillonite CRM, SWy

Table 3.19 l denti fi cat manmorjiomite kninetdats,gandeetativa idtensiies (I/1
http://webmineral.com (accessed Aug 2012).

Minerals matched from The International Centre for Diffraction Data (ICDO

montmorillonite
5.89 (1)
principal XRD 17.7(0.6)
(I/b) 19.72 (0.8)
29.57 (0.6)

XRD analysis of the S2WEZRM Chiperat al. (2001) reported the following content 75%
montmorillonite, 8% quartz, 16% feldspar and traces of gypsum, mica/or illite, kaolinite and chlorite.
3.5.4.2 Rigaku XRi2presentative diffractograms of each site.

Excel plots for all the samples from each site were overlaid and the following examples selec

they included the representative features present in the individual plots (Higures 3.22

3500+
5000+ Site 2 Sample

3000+ Site 1 Sample 4
= 2500+ 30007
Q_ Q—
) L,
> 2000 230007
c 1500 S
% <2000
= 1000 -

5004 1000
0 T T T T T T T T T T T 0 T T T T T T T T T T T
3 8 13182328333843485358 3 8 13182328333843485358

Figure 3.22(a) Representative diffractograms Site 1, Sample 4 and Site 2, Sample 15
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7500+
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Intensity (cps.)
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Site 3 sample 17
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4000+

3000+

2000+

Intensity (cps.)

1000+

degrees &

Site 6 sample 4€

0 T T

3 8 13182328333843485358

Intensit:

10000+

8000

)

6000

Intensity (cps

Site 4 Sample 22

A s

N IN

S 8

© 5 &
Il Il

3 8 13182328 333843485358

1000+

800

y cps.
o
o

N

o

o
I

200

O,

degrees d

— Site 7A Sample

3 8 13 18 23 28 33 38 43 48 53 58

degrees degree 2
2000+
Site 8 sample 70
1500+ Site 7B Sample ¢ 16004
Ui ~—
& 0
.“?10007 @1007
5 >
£ @
500 5 600 |
c
o a— 0 S —

3 8 1318 23 28 333843 48 5358 3 8 13 18 23 28 33 38 43 48 53 58

degree & degreesd
5000
Site 10 single sample ol

4000+
2
©.3000
2
22000~
e
=

1000+ M |

O T T T T T T T T T T T

3 8 13 18 23 28 33 38 43 48 53 58
degrees d

Figure 3.22(b) Representative diffractograms Sites 3, 4, 6,7A, 7B, 8 and 10.

The red colour of samples from Site 7A (Section 3.3.2, Figure 3.8) suggestawbthpreseal be
Figure 3.23 contains diagnostic peaks of two potential iron minerals (Table 3.20). However the peak

degree 2d may have a contribution from halloy

81



300
—— Site 7A Sample 60

250 -

200 -

[

Intensity cps
=
al
o o 8 &
| | |

Figure 3.23 Site 7A, Sample 60, illustrating peaks related to the irogloxidiés amal magnetite

Table 3.20 Principal diffraction peaks for iron oxide minerals, maghemite and magnetite

Minerals matched from The International Centre
for Diffraction Data® (ICDD®)

maghemitg magnetite
30.29 (1)
principal XRDo|3559() |3558(1)
57.6 (1) 57.22 (0.85

Figure 3.24 highlights the similarities betw@esletstes and Table 3.21 lists the similarities

between the sites.

6100+ —— Site 2 —— Site 9 —— Site 10
51004

4100+

w

'_\

o

o
|

Intensity (cps).

28 33 38 43 48 53 58
degree@

Figure 3.24 Rigaku XRD compaAtglesating sites 2,9,10.

The results Table 3.21 suggest that there is a relatively high level of homogeneity across the
sites and th&telesandCebussites. The samples from sites 7A and 7B have fewer features in common w
the other test sites. A-Sghiest was performed on the similarities of the peaks detected in the XRD d
(Table 3.21). There was no significant difference between {8q Sitagsibi7.453, df 24 p=0.9995.
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Table 3.21 Examples of peaks common to multiple sites, identified from Rigaku data.

Control

Ateles Cebus

Approx. degree2| 1

3.42

12.55

13.89

15.40

T| 0| 0| O|W
TU| 0| T| O+

P
P
P
P

T| 0|0 0O

T| 0| 0| O
T| 0| T| O|®

20.72

21.97

T

T

22.14

gv)

23.76

Bv)
o)

25.96

T

o
T

27.85

o
T|T|T|T|T
T|T|T| T

o
jv)
T|T|T| 0| T

28.53

T|T|T| O

30.00

30.89

31.64

35.02

35.72

36.22

TU| 0| 0| 0| 0|0

41.70

TU| 0| 0| 0| 0| 0|0

42.44

T

42.92

Y]

47.09

T| 0| T|T0|T|T|T

T| 0| 0|0 T|T|T

48.65

av/aavipnvipnviinvinnviinvinviinviinviine]
Ul TU| 0|0 0|0 TV|0|T| 0T

U TU| 0|0 0|00V 0|0 0|0| 0| 0|0

TU| U| 0| V| 00| T|T0|T

50.00

P[P P

54.20

T
jv)

o

T

P

57.16

i)
Bv)

Y

P

3.5.4.3 Comparison Afelesating sites and CRM Kaolinite KGa

Figures 3.25f9 are of overlaid diffractograms of the kaolinite CRM (red) and examipédesrom the

eating sites. The absence of the diagnostic peaks 22433 &6

1200+ Kaolinite KGa-2 | ‘
10004 Site 2 ‘
- Site 9 \
£ 800 -
A - Site 10 l
P
£°600 - ‘\ |
S |
Q
£ 400 N‘
W& " ﬂwhm\’i‘fﬁ *‘ i W,‘M‘}Wm&w W\WMW\W
2007 )Mﬂw “ e "G,
— Do Doy Myt in sn i ton A b ol ¥
0 WYy
3 5 7 9 11 13

degree @

Intensity cps.

24004

2000+

1600+

1200+

(degree 2d) i

—— CRM Kaolinite
——site 2
——site 9
——site 10

\‘,v“w‘w,

T ‘ N
Wil J\M'“,w’M\‘i\’/)'\y*,'wr“ﬂ Wit *AWWP 1 xw m

T T

20 21 22

T T T 1

23 24 25 26

degree@

Figure 3.25(a) Comparison of the section of diffractogram showing major differertetekestirgsite
samples and CRM kaolinite XGa
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Figure 3.25(b) Comparison of the section of diffractogreimgsiajor differences bethtdeseating site
samples and CRM kaoliniteXGa

The overlaid diffractograms (FigureshB25ggest that it is unlikely that there are any significant
amounts of kaolinite minerals present in thatedstedten smp | e s . The peak at 3
indicate the presence of the kaolinite mineral halloysite 7A.

For mixed materials the detecti enad200l)mha f or
mixed matrix many possible orientations areThsseatses peak overlapping which influences intensity
measurements. Additionally variations in peak position may be caused by the presence of impurit
presence of polymorphs.

3.5.4.4 Results of Stick pattern Matched Diffractograms obtakveooak IRdastries.

Limitations on matching include peak match data which is based on patterns produced by pure s;
with uniform crystallinity and particle size. Additional variables are due to different instruments used
selection of Kv, and, m#an rate and count rates (Cleipat2001).

An example of the diffractograms generated at Rockwood Industries, identifying the presence
mineral cristabolite can be seen in Figure 3.26. The software has suggested this mineratibased on the
and relative intensities of 28 peaks. The minerals identified and the sites in which they are identi
presented in Table 3.22.

Using this multiple peak matching facility the presence of a kaolinite mineral was indicated for
Ateleseating sites but there was no match for montmorillonite. The remaining minerals detected belor
the feldspar, silicon oxide and titanium dioxide mineral groups. Montmorillonite was identified in Contr
and 6 an@ebusSite 8 but not in akgleseating sites.
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Table 3.22 List of minerals identified produdifflagtplus software.

Potassium feldspar group Site

Orthoclase, barian 1, 7A,7B
Orthoclase 1,2,

Sanidine, potassian, disordered and S 1, 2, 6, 8, 9,10
Microcline, intermediate 1, 2,

Plagioclase feldspar minerals

Anorthoclase disordered 1,2,6,8,9,10
Albite, disordered 1,2, 7A, 7
Anorthite, sodian intermediate 1, 7A, 7B,

SiQ minerals

Cristabolite 1, 2,6, 7A,

High silica Cristabolite 1,2,7A,7B,9.10
Tridymite 1,29,

Quartz 7

Al Oxide minerals

Gibbsite 1,2,6,7A7B 8,10
Fe oxide minerals

Maghemite 1,2, 7A,
Magnetite 2,7A,7B,8,9, 10
TiQminerals

Rutile 1,8,9, 10
Amorphous, paracrystalline

Halloysite 1,2,6,7A, 7B,
Opal 2,8,9, 10

Clay minerals

Kaolinite 1Md 1,2,6,7A,7B, 8,9
Montmorillonite 1,6

In summary:

The XRD analyses from both instruments suggest the presence of a kaolinite mineral, howe\
i ntensities, al | ~ 200 <c¢cps, recorded for t he
baseline cps. tiere was a significant proportion of kaolinite present the expected count valued for
diagnostic peak would be expected to have a higher intensity. This result suggests that if present |
mineral there is only at a low percentage. Thalsesaliggest that there is very little montmorillonite

limited to possible identification in only two sites.

3.5.5 Infra Red Analysis

The crystalline structure of montmorillonites is reduced by the substitution of Al for Si. This lea
substantidiroadening of the IR spectral bands (Russell 1987). This broadening can be seen in Figure
the spectrum for the montmorillonite CRM, which lacks definition-3®@0ect#8T0@his region band
broadening can be due to overlapping daydtegen bonding.

Comparative analysis of this region of the montmorillonite CRM with control sites (Figure 3.28
Ateleseating sites (Figure 3.28b) shows there is no similarity between the sites and a montmorillonite
significant region, ~33600 crh
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Figure 3.28 (a) Control Sites 1, 4, @rbusating Site 8, comparison with CRM; SWy
(b)Atelesating Sites 2,9,10, comparison with CR®1, SWy
In contrast the spectrum for a kadlBagk (Figure 3.29), has two major regions with sharply defined
and high intensity absorbing regions368006mand 115600 cm. Characteristic diagnostic bands for
kaolinite are found at 38@08crh (KGa2) with a weaker band at-3650cra The sharpness of the
kaolinite 362&B18crhband is an indicator of the purity (Masteab®@01).
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Figure 3.29 IR ATR spectrum for CRM;XGa
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In dioctahedral minerals e.g. kaolinites, the band at appréxha®d62a0gmeater intensity due to the
increased substitution of Si by Al. Comparisons of these relative intensities can be seen in the spect

reference clay and control sites.

100 -
90
80
'_
L 70 -+
— KGa-2
2 Site 1 60
50 - Site 4
(a) T Site 8 50 -
40 ‘ ‘ ‘ ‘ 40 gb) | | |
3800 3700 3600 3500 3400 3800 3700 3600 3500 3400
Ca cm -
Figure 3.30  (a) Control Sites 1, 4 @etusating Site 8; (delewating Sites 2,9,10 comparisons with CRM,
KGaz2.

In the Control site spectra (Figure 3.3@d¢lasehting site spectra (Figure 3.30b), the two major bands at
3690cmand 3620cimare weak and similar in relative intensities, differing frometRkAoli

Semiguantitative estimates of kaolinites have used the intensity of the fes@680afh 3700
(Russell 1987, Kodahal.1989). The value of %T was determined at a fixed maximurhai@B#i8cm
band identification value at 3690dm ratio of these values for the reference clays and samples were

determined (Table 3.23). This was used as an approximation for the proportion of kaolinites present.

Table 3.23 Estimate kaolinite cortestng the Ratio of % Transmission values.
Sample/ Site Nq % T at 3690ckh % T at 3718ch (% T 3690/ %T3718)
KGa2 56.16 92.96 0.60
1 89.86 95.93 0.94
2 88.50 95.35 0.93
3 88.34 95.24 0.93
4 88.08 96.35 0.91
6 77.79 93.67 0.83
7A 72.63 92.84 0.78
7B 84.06 95.08 0.88
8 85.85 91.97 0.93
9 86.29 93.55 0.92
10 83.01 93.06 0.89

The calculated transmission ratio for the kaolinite CRM referenc&lrdayigh€x.@lmatio of the
%Tvalueghe lower the kaolin mineral coftensite values calculated suggest that there may be varying
proportions of kaolinite present in the sites, the lowest and nearest to the kaolinite, being sites 6 and
Transmission ratios of 0.83 and 0.78. The sites including thAtetesm&kbuseatingsites have
ratio values >0.8fhese ratios cannot be converted directly to % kaolin values but are suggestive of

proportion of kaolinite which may be present é£atihag&®).
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Estimation of Disordered content

Disorder is a ternphgd to amorphous states of clay minerals and many stages of partial order :
disorder occur. Disorder of various kinds can be classified under the following headings:

(i) disorder at the atomic level

(i) disorder in layer stacking, and

(i) disorder associated with mixed layering (Plancon 2001).

The low levels of minerals detected by the XRD may be as a result of the degree of disorder. Dis

kaolinites is detected in the four characteristic bands of the OH stretching region.

S ——— Sample 12
951 v e Sample 14
o S Sample 15
93 - \
91 4
|_
> 89 -
87
85 T T T T T 1
3710 3690 3670 3650 3630 3610
cm?
Figures.31 Samples from Site 2, showing some disorder

In Figure 3.31 the 38891crhand 3620chbands are unchanged, however a single broad band at 3653
3650crireplaces the doublet normally present atB&6@&652 chfRussell 1987).

Structural disder may be produced either by geological conditions of formation, transport, or depos
or by mechanical treatment such as grinding €Bahii#86). This may have effects on the properties of
kaolinite minerals from different sites andthe alpectra obtained. Kaolinites in soils are often disordered

and where this occurs it makes quantification problematic (Galan 2006).
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Figure 3.32 KGa2 andAtelesating sites ATR spectra-706@m

Spectra of Sites 2 and 9 (Figure 3.32) are representativatefealiatieg sites. They only show

weak features in the range A®crasimilar to those characteristic features seen in the kaolinite CRM.
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Dioctahedral minerals exhibit a diagversti of the AIAIOH deformation in {8288&¥region
(Russell 1987). This cannot be seen as a distinct feature in the site samples, but it may be contribu
broad strong band betweer2036n, which is seen in all the ATR spectra fonphe stes. The lack of
characteristic features again suggests very little kaolinite minerals are present or it is present in the di
form.

The feldspar mineral IR spectra have strong bands betwamd800@oi The spectra for the
referencelay and eaten sites (Figure 3.32) have a distinctive band'at T8Ri<jgan characteristic. This
may be due to residual unweathered feldspar in the CRM, as feldspars may weather to produce kaolin
(Wada 1987, Wilson 2004). Quartz is arcoomstituent of most clay minerals, having sharp well defined
characteristic bands at 800 and %8Ibese bands are not seen in the material from any of the sites. Thi

suggests the samples have a large degree of amorphous material.

3.5.5.1 IRDetermination of organic content and structural water.

The IR spectra were examined for absorption bands associated with biological molecules (Table :
consumption of soil for antimicrobial products derived from microbial organisms has &g®en suggest:

possible geophagy function (Ket&dR001)

Table 3.24 Characteristic Infra Red absorption bands of orgafidagejgqeat al2001, Madejova 2003,
Skooget al2006)
Functional groups Absorption Functional groups Absorption
bands cni bands cni
OH aliphatic and aromatic | 36083000 CONH2 amides 17201640
HOH | vibrations of water 34303395 C=C alkene 16701610
NH also secondary and tertig 36083100 OH water 16381627
COOR | ester 17561700 JOR aromatic 13061180
COOH | carboxylic acid 17401670 R-OR aliphatic 11661060
C=0 aldehydes and ketones | 17401660
100 100 -
98 7N—/\\/\/\//
96 i PN
X
94
851 e Site 7A 924 — —Site2
rrrrrrrrrrr Site 7B — Sjte 9
—Site8 () | Site 10
80 T (a) 90 T T T \(b) 1

Figure 3.33

1700 1680 1660 1640 1620 1600
cn

1700 1680 1660 %640 1620 1600

cn

(a) Site 7A, 7B and Site 8 organic or structural water content; (b) Sites 2, 9 and 10.

The samples were dried atClOSernight amdlowed to cool in a desiccator, to remove unbound

atmospheric water. Material of biological origin will have absorption bands due to amide, carboxylic :
aromatic groups (Table 3.24).
The spectra for Sites 7A (Figure 3.33a) has a broad bartdlb8crhidhereas 7B and 8 and

spectra for Sites 2, 9 and 10 (Figure 3.33b) only shows a weak feature. There is little variation % T,
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region 1704600cm This is the region where both adsorbed water and amides would have adsorption.
specta for all the sites show a weak broad band with a maximum % T between 165Rambddb20cm
peak centred on 1636dsnassociated with OH deformatio® oPklaks at 1648cmay be associated

with C=0, C=C and CgMNHjanic groups.

Site 7A has feses potentially due to organic functional groups or structural water. LOI res|
suggested the presence of organic carbon compounds in sites 7A, 7B and 8. Structural water r
associated with the presence of the paracrystalismegshortieredmaraloid opal or hydrated kaolinitic
mineral, halloysite. Both were identified by the Rockwood XRD stick matching analysis (Table 3.2
halloysite form is produced from weathering of igneous rocks (Galan 2006).

In summary:

0 IR spectra suggest the presef small and variable amounts of kaolinites

o0 presence of feldspar and silicate minerals

o there is little evidence of the presence of montmorillonites.

o limited evidence of detectable amounts of organic material and very low structural v

content.

3.56. XRF Analysis performed at Rockwood Industries

The results for analysis of the CRM standards (Table 3.25) show there is a high level of agre
between the measured and the published values, which permits confidence in the values obtained fol
samples. The differences between measured and reported was <3.5%, and may be due to the limited

of replicates. The reported values are quoted as oxides.

Table 3.25 XRF comparison of measured mean oxide results CRM, K&odindeSK¥¥a Refeance data*
from Mermaet al(2001)

KGa2 KGa2 SWy2 SWy2

Measureg Referencel Measured Reference’
NaO (%) | 0.05 0.06 1.57 1.47
MgO (%)| 0.06 0.04 2.99 2.94
K0 (%) | 0.02 0.02 0.2 0.2
CaO (%) | 0.04 0.03 1.96 1.89
TiQ (%) | 1.98 1.91 0.11 0.09
FeO: (%)| 1.19 1.15 3.77 3.74
SiQ (%) | 44.49 43.49 63.46 61.46
AbOz (%) | 40.14 38.14 21.05 22.05
SUM (%)| 87.97 84.84 95.11 93.84

Using the TAS (T¢tltalSilica) classification system (Figure 3.34) and the calculated values obtain
from the XRF dgfeable 3.26) the (%BHakO): The %Si@atio suggests the samples are close to the
acidic, andesitiacite composition junction (Figure 3.34). The mineral composition of dacite includes
plagioclase feldspars, oligoclase, andesine, quartz, sifiganitandDiacites are often grey in colour with
dark crystal inclusions. This classification for the samples also agrees with the anatya&064)(Vogel
who describes the Guanacaste ignimbrite plateau as containing extensive rhyolitic and dacitic ignimbi

and lava flows, with small volume of andesitic pyroclastic flows.
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Table 3.26

Rockwood Analysis XRF Mean % oxltesasiples from Sites 1, 2, 6, 7A, 7B, 8, 9 and 10

Site 1 Site 2 Site 6 Site 7A Site 7B Site 8 Site 10
Wt. % 1 9 11 13 14 15 40 46 56 60 62 70 75 77 100
NaO 350 | 357 | 338|325 (295|369 [3.21 |3.27 | 256 | 2.06 | 2.39 | 2.49 | 3.26 | 3.36 | 2.54
MgO 0.27 {027 {032 |0.2 |02 |0.17 | 031 025|043 |0.43 | 052|063 025|025 |0.21
K0 3.05 (296 | 3.08 | 295 | 2.84 | 323 |299 |329 |251 |21 058 | 2.36 | 3.14 | 3.09 | 3.08
CaO 152 {163 |152 |133 141|127 |164 |132 |137 |1.23 (263 |1.67 |1.24 |1.33|1.16
TiQ 0.67 | 0.65 | 0.65 | 0.66 | 0.66 | 0.59 | 0.68 | 062 | 067 | 1.26 | 0.84 | 0.7 063 | 064 | 0.7
FeOs 4.16 | 3.86 | 4.18 | 4.07 | 4.08 | 3.63 | 442 | 3.62 | 386 | 11.96/ 6.38 | 4.94 | 3.9 3.9 4.23
AbOs 13.76| 16.92| 17.62| 18.2 | 18.7 | 16.97| 18.42| 17.1 | 19.63| 17.96| 25.74| 18.03| 17.6 | 17.49| 18.47
SiQ 65.47| 64.64| 65.88| 64.99| 64.09| 66.82| 63.71| 65.86| 50.84| 55.13| 50.83| 59.5 | 65.26/ 65.49| 63.89
SUM 92.4 | 94.5 | 96.63| 95.65| 94.93| 96.37| 95.38| 95.33| 91.87| 92.13| 89.91| 90.32| 95.28| 95.55| 94.28
NaO+KO | g 55 | 653 | 6.46 | 6.2 | 579 | 6.92 | 6.2 6.56 | 5.07 | 4.16 | 2.97 | 485 | 6.4 | 6.45 | 5.62

The data fone site samples Table 3.26 show a characteristic .I62&83%i@nd mean %Md¢0) 5.78.

6




VOLCANIC ROCK TYPES

15

phonolite

13

=
2 tephriphonolite )
s 11} trachyte /
= trachydacite
~
-
= .
i 9t phonotephrite
3 trachy- rhyolite
- foidite / and esite
o
= .1 / hasaltic /
5% | tephrite / trachy-
< - basanite andesite
% 5t | dacite
= andesite
x | basaltic
< ik basalt andesite
picro-
basalt
1t
37 41 45 49 53 57 61 65 69 73 77
Silica (SiO3), weight percent
ULTRABASIC | BASIC I INTERMEDIATE | ACID

Figure 3.34 TAS (TotallkakSilica) Classification of Volcanic rocks, from Stietck662)

Figure 3.35 illustrates the small difference in aluminium coGehughiteed) andteleseating

sites (Sites 2, 9, 10). There were insufficient data points to permit statistical analysis of the aluminium v
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Figure 3.35 XRF mean aluminicomtent, calculated as oxide

3.5.7 Determination of sample pH

The ASTM definition for values of pH classifies the samples as predominantly acidic in character
Resources Conservation Service 2004). Soil pH affects the solubilitgvaiablinad minerals or
nutrients and mineral leaching. Most minerals and nutrients are more soluble or available in acid soil
neutral or slightly alkaline soils.

The comparison of KClpHwW@h Hh H i . e. the @ pH matureof thelrets an
charge on the colloidal system. Aluminium, displagededmtsKwith Ohbns and increases H
concentration. As a result, the solution pH is lowered. Commonly, exchangeable aluminium is present |

pH is 5.2 or less (Natuesldirces Conservation Service 2004).
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Table 3.27 Results for pH determinations and value of

Site | Sample pH in. pH ir! 0.AIMKC| A pH = ASTM* Qefi_nition acidit]
deionised KO | solution pH(KCIP pH (HO) | pH in deionised

1 1 6.32 5.02 -1.3 slightly acid

2 15 6.24 4.44 -1.8 slightly acid

4 26 6.65 4.91 -1.74 slightly acid

6 41 6.34 5.59 -0.75 slightly acid

6 46 7.35 6.31 -1.04 neutral

8 70 5.38 4.95 -0.43 strongly acid

9 |77 6.22 4.86 -1.36 slightly acid

10 | 100 6.12 4.46 -1.66 slighthyacid

* American Society for Testing and Materials

When this difference is negative, the soil solution has a net negative charge, which is characteristic
materi al. Santa Rosa samples had aofBiegsamplese Vv .
Santa Rosa samples had a pH <5.2 and therefore would provide exchangeable Al (Table 3.27). Aci

between pH4900 may have high concentrations of soluble manganese which is also potentially toxic.

3.5.8 Laser Diffraction Parsce Analysis

For the initial determinations the sieved <2mm fractions were dispersed in deionised water/ s
hexametaphosphate solution 0.5%w/v, with a measured pH 6.7.

Data for each site was pooled for analysis and plotting and calcplatiomseteosing GraphPad
Prism version 4.00 for Windows, GraphPad Software, San Diego California USA, (www\taphpad.com
ANOVA with Bonferroni Multiple Comparisons tests were used, where there was sufficient data. The B
method is a method ¢orrecting for multiple comparisons. It can be used to correct any set of P value
mul tiple comparisons (Bonferroni was chosen a
comparisorSraphpad).-Way Anova results and Bonferraiplé@omparisons tests results for the

comparison of individual sites are presented in Table 3.28.

Comparison < 4 um arglgm Clay patrticles
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Figure 3.36 Cumulative mean volume % (SEM) < 4uBlaumdAteleseating Sites 2,9,10 &ebusSite 8.

There was a significant difference in the % <4um sized particles (Figure 3.36a). There was no sig
difference betwegtelessites but there was betwettesand control sites (Table 3.28). There was a
significant difference in the-3bud sizedapticles (Figure 3.36b). There was no significant difference
between thatelesating sites; however there was a significant difference between contt¢élBie 1 and
andCebusaandCebusnd control (Table 3.28).
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Table 3.28 Summary of\WWay Anova andrBerroni's Multiple Comparison Test results, particle size
distributions.

Particle siz¢ Comparison No.of groupg P value
<4um 1l-way Anova F value = 15.94 9 <0.0001.
4-31um all data sets 1l-way Anova F value =10.18 9 <0.0001.
>500um NonparametritWay ANOVA KW =14 9 <0.0001.
Particle siz§¢ Comparison Bonferroni's Multiple Comparison Teq t P value
Atelesating site 2vs 9 0.3481 NS
2vs 10 1121 NS
<4um 9vs 1l 10.69 P < 0.001
Atelews Control| 9vs 4 413 P < 0.00]
9vs 6 5.198 P < 0.001]
Atelesss Cebus | 9 vs 8 5.526 P < 0.00]
; L1 2vs9 1.172 NS
Atelesating site 2vs 10 07585 NS
2vs1 2.541 NS
Atelesss Control| 2 vs 4 2.187 NS
2vs 6 1.384 NS
4-31pm Atelesrs Cebus | 2vs 8 13.18 P < 0.001]
9vs 8 13.73 P<0.001
10vs 8 10.89 P <0.001]
Cebuws Control| 8vs 1 10.14 P < 0.001
8vs4 11.74 P <0.001
8vs 6 11.44 P <0.001
; | 2vs9 6.49 P <0.00]
Ateleating site1 5 s 10 8.275 P < 0.00]
2vs 6 5.365 P <0.00]
>50@m. Atelesys Control| 9vs 6 11.7 P < 0.001]
10vs 6 12.84 P < 0.00]
Cebuws Control| 8 vs 2 10.8 P < 0.001
8vs9 16.63 P < 0.001]
8vs 10 17.22 P < 0.00]

Comparison of > 500um particles

28

o

% 24 - % %
S 20 -

g 16

£o 167

ERe R
2 € 121 N R
2% 84

P THANN
IS " b
> 0 T T T T T T T T 1
o

Site Bite Bite &ite 6Site Site Site Hite 9Site
7A 7B 10

Figure 3.37 Cumulative mean volume % (SEM) > 3@@i@sating Sites 2,9,10 &wbusite 8.

There was a significant difference between volume % >500um sized particles (Figure 3.37). Ther

significant differences betwdalrsitesAtelesys Control arfi@ebusss control (Table 3.28).

In summary:

o There were no particlesm in the reference materials and few-h ¢henl r ange i n an
site sample determinations.
0 Atelesi tes had the | owest-3% s€memthleagi ziezedf
in potential adsorptioR SM.
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0 Atelesites had the highest % > 500um size particles

3.5.8.1 Effect of pH and Gastric media on Particle Size distributions
CRM montmorillonite SV8nd kaolinite K&a

These analyses were undertaken to determine if the site samples brhiitedranyhich may
be due to trace presence of any montmorillonite minerals. The results are presented for the initial ¢
treatment (measured pH 6.7), aqueous treatment pH adjusted to pH2 and the combined gastric medi
pH 2. The latter regmats the conditions in the stomach where particles would initially interact with pote
toxins and where the size determines the amount of adsorption possible. Analysis of the media alone

yield size distribution data. Figure 3.38 illustratesithf f er ence of treat ment s
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Figure 3.38 Effect of treatment on Cumulative mean volume % (SEM) <3 Hnd <S¥dy

treatment 2

1'Way Anova results and Bonferroni Multiple Comparisons tests results for the effect of treatmer

presated in Table 3.29.

Table 3.29 Results ofWay Anova and post analysis test effect of pH/naedipart®le size

CRM 1-way Anova F value No. of groups P value
SWy2 < 3&m | 7263 3 <0.0001
KGa2 < 3tm | 162.8 3 <0.0001
Bonferroni's MultiplEomparison Teg t P value
SWy2 < 3tm | water vs water pH2 4.147 NS
water pH2 vs gastric pH2 102.2 P < 0.001]
KGa2 < 3tm | water vs water pH2 0.2133 NS
water pH2 vs gastric pH2 15.52 P <0.001

There was no significant pH effect on either CRM on the % <31um particles, compared to water how
media treatments result in significant reduction in this class size (Table 3.29). These results suggest
both CRM there is a significant tigaratthe <31um, clay sized particles beyond the potential swelling due

to pH alone, due to interaction with components of the media.

96



40 B pH2 water OpH2 gastric media

3
g
< 30 | = 4
g g 55]L ijf T I
4 [ o {" i
OE-’ 20 - e . e
5 =
S
o\o 10 4
c
8
1S
0 T T

Site 1 Site 4 Site 2 Site 9 Site 8

Figure 3.39 Cumulative mean volume % (SEM) <31um in pH2 and Gl media pH2.
There was no significant differeneaimvolume % <31um in pH2 water or in gastric media, Figure 3.39, !
way ANOVA p>0.05.The geophagy samples did not exhibit the shift of particle size as seen with eitr
(Figure 3.38).
In summary:
0 the site samples do not show similar changeseisipartidtribution in the gastric media.
This supports the IR and XRD data in suggesting that there is little kaolinite or montmori

present in the geophagia samples from Santa Rosa.

3.5.9 Adsorption of Plant Secondary metabolite test compounds

Following the method development the amount of both CRM were reduced, to enable measurel
the residual compound in the media, using the calibration data, (quinine Figure 3.14; tannic acid Figt
gallic acid Figure 3.16 and Appendix 1.5, Fxjundse results were plotted (Mean and SEM) using Excel
2010®. The UV absorbance values were used to determine the residual concentration after the int
period. This was then used to calculate the mg/g adsorb¥dallisusialparametid/dyAnova was
performed, using GraphPad Prism v 4.0.

3.5.9.1 Adsorption of ephedrineiHlibration equation y = 0.845x+0.0177.

Ephedrine HCI adsorption by the2 S¥y 565.5+48.78 mg/g. Adsorption {yvikdEasignificantly
greater than site samglagure 3.40) and there was also significant variation between the sites, Site:
adsorbing more than twice the other sites (Table 3.30).

200 - ephedrine HCI
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Figure 3.40 Adsorption ephedrine At@lesites 2, 9, and 10; Control 1, 4 and 6
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3.5.9.2 Adsorption of quinindiHZalibration equation y = 16.334x+0.0168

Quinine HCI adsorption by the2SMég 55.15+4.68 mg/g. Adsorption E/Wwa3asignificantly less

than site samples (Figure 3.41) there was no significant variation between the sites (Table 3.30).
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Figure 3.41 Adsorption quinine HB8telesites 2, 9, and 10; Control 1, 4 and 6.

3.5.9.3 Adsorption of berbefi@alibration equation y = 64088497

berberine

I’E

mg/g adsorbed
w
S

0 T T T T T S T T
Site 1 Site 2 Site 4 Site 6 Site 9Site 1KGa-2

Figure 3.42 Adsorption berberiAtelesites 2, 9, and 10; Control 1, 4 and 6.

The SW{ UV absorbanter berberine solutions when either 25mg or 1@&ngesd\iysed was
below the range of the calibration plot, below the LOQ iasSWfy efficient at adsorbing berberine

Adsorption by K@awvas significantly less than site samples (Figure 32¢ avab no significant
variation between the sites (Table 3.30).

3.5.9.4 Adsorption of gallic &dzhlibration equation y = 481768431

7 A gallic acid

mg/g adsorbed

| E

Site 1 Site 2 Site 4 Site 6 Site 9 Site 10KGa-2
Figure 3.43 Adsorption gallic adittlessites 2, 9, and 10; Control 1, 4 and 6.
The SW{ UV absorbanfar gallic acid solutions when either 25mg or 1@nge®\ysed was
below the range of the calibration plot i.e. it was very efficient at adsorbing gallic acid. Alsorption by K

was significantly different to site samples and there was aigtiiodmttween the sites also (Table 3.30)
Site 6 having the greatest adsorption (Figure 3.43).
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3.5.9.5 Adsorption of tannic &dalibration equation y = 36.045x + 0.0158
8 tannic acid

26 - i 5

Site 1Site 2Site 4Site 6Site BVite 1KGa-2
Figure 3.44 Adsorption tannic agiglesites 2, 9, and 10; Controhhd4b.

Tannic acid adsorption by the2SWés 50.64 + 3.02 mg/g, this was higher than the site samples..
Adsorption by K&avas significantly greater Abalessites, Sites 1 and 6 having the greatest adsorption
(Figure 3.44) and there was alsacaiginvariation between the sites (Table 3.30).

3.5.9.6 Adsorption of naririg®alibration equation y = 251662004

10 naringin

mg/g adsorbed

0 T T T T T B T T
Site 1Site 2Site 4Site 6Site Bite 18Ga-2

Figure 3.45 Adsorption naringhtelessites 2, 9, and 10; Control 1, 4 and 6.

The adsorption by the @WMyas 67.77+1.26 mgig Was higher than the site samples (Figure 3.45).

Adsorption by K@avas also significantly different and there was significant variation between the
(Table 3.30).

3.5.9.7 Adsorption of chlorogeniciaCalibration equation y = 0-052K.4
0.40 chlorogenic acid

0301 A

0.20

mg/g adsorbed
IS

0.104

0.00

Site 1 Site 2 Site 4 Site 6 Site 9Site 1KGa-2
Figure 3.46 Adsorption of chlorogenic Atétesites 2, 9, and 10; Control 1, 4 and 6.

No value was calculated forB¥gythe UV absorbance from sample solutions when the am2unt of Swy
was reduced to 15mg was below the range of the calilf8&tigh lmdot.a very high affinity for chlorogenic
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acid. Adsorption by KX3aas significantly higher than site samples (Figure 3.46). There was no signifi
variation between the sites (Table 3.30).

Table 3.30 Summary #fruskalWallisl-Way Anova of PSM adsorption results

compound comparison KW statistici No. of groupg P
ephedrine HCI 18.44 7 0.0052
quinine HCI 15.29 7 0.0181
berberine 14.89 7 0.0211
gallic acid kaolinite vs sit¢ 15.41 7 0.0173
tannic acid 14.79 7 0.022
naringin 14.61 7 0.0235
chlorogenic ac 15.36 7 0.0176
compound comparison KW statistic/ No. of groupg P
ephedrine HCI 14.96 6 0.0105
quinine HCI 10.71 6 0.0575 NS
berberine 10.17 6 0.0706| NS
gallic acid inter site 13.68 6 0.0178
tannic acid 12.2 6 0.0321
naringin 13.35 6 0.0203
chlorogenic ac 10.8 6 0.0555 NS
In summary:

o0 thegeophagy site samples all showed some degree of adsorption for the chosen test compoun
with the highest for the simplest molecule ephedrine HCI.

o chlorogenic acid had the least adsorption of all the test compounds.

3.5.10CRMS Determination of nailsareleased

Calibration plots were determined using the element/Rh ratio. The LOD and LOQ values were ca
for each element of interest, mean and SD values taken from analysispairataakid\Gruskdallis
test used GraphPad Prismoversi00 for Windows, GraphPad Software, San Diego California US/
(www.graphpad.com).

The data presented in Figures3®37are for tlmmlyelements which reached the appropriate LOQ
levels. All plots are of the calculated Mean and SEM mcg#j.of dried le

3.5.10.1Minerals released

Sodium

Sites 1, 8, 9 and 10 had Na values < LOQ. Only Site 2 of the eaten sites had values > LOC

geophagic samples are unlikely to provide Na supplementation.
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Potassium and magnesium
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Figure 3.47 ICR MS determin@gdtassium and magnesium released

Sites 4 and 9 had released the highest level of K detected (Figure 3.47a). There were a sigr
differences in K released fitetess i t e s, (Table 3.31). Dunnds Mu
betweertelessites p<0.0001.

Site 4 control site released the lowest level of Mg released (Figure 3.47b). There was a sigr
di fference in Mg released between al/l of the
showed no significant difference betweeradbgihstdesites p>0.05.

Calcium armluminium
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Figure 4.38 ICRMS determined calcium and aluminium released from samples

Control Sites 1 and 6 released the highest level of calcium detected (Figure 3.48a). There
significant differences in Ca released betwee
test showed no significant difference for Cd deaseAtelesites p>0.05.

Control Site 1 released the highest level of aluminium detected (Figure 3.48b). There was a sig
di fference in Al released between the sites (

no significadtfference betwestelesites p>0.05.

Barium and Manganese
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Figure 3.49 ICR MS determined barium and manganese released from samples
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Site 4 control site released the lowest level of barium detected (Figure 3.49a). There was a sig
difference n t he amount of Ba released between the
comparison test showed a significant difference in barium releasésldssite@eqrx0.001.

There was no significant difference in the amount of Mreteleaised the sites (Figure 3.49b and Table
3.31) and a Dunndés Multipl e compAelsitesspr0.05.est st

Zinc
10 zinc
o> 87
~ 6 |
o
W 4 4
2 4
0 T N N T T T N N T N N 1
Site 1 Site 2 Site 4 Site 6 Site 9Site 10
Figure 3.50 ICR MS determined zinc released from samples

Control site 4 Site 8 released thstlmvel of zinc (Figure 3.50). There was a significant difference il
the Zn released between all sites (Table 3. 31)
difference betwegtelesites p<0.001.

Table 3.31 Summary #fruskalWallisl-Way Anovdall site comparisons) ICP determination of minerals
released concentrations > LOQ.

KW statistic| No, of groupg p
potassium| 30.15 6 <0.0001
magnesiun 30.08 6 <0.0001
calcium 28.46 6 <0.0001
aluminium| 19.29 6 0.0073
barium 13.25 6 0.0212
manganes| 10.37 6 0.0653
zinc 11.49 6 0.0425

In summary:
o Only 7 elements were detected at levels above the LOQ.
Only Site 2 had Na > LOQ
K, Ca and Mg levels varied significantly between all the sites
Al, Ba, Mn and Zn did notsignyficantly between all sites
K, Ca, Ba and Zn showed a significant variation betweerAtietckrating sites

o O O O o

Mg. Al and Mn showedignificant variation between the ktelegating sites

3.5.10.2 Adsorption of Fe

The normalisedlibration data was plotted usingttliatée (y= 0.0207x + 0.0163; R2 = 0.9989), the
LOD and LOQ were determined.

The Fe recovery for the spiked blanks we37%B66 The residual Fe levels were determined for
each sample. Values for each samplealilated and plotted in Excé&.2Da6 to limitations in sample

available it was not possible to conduct sufficient analyses to permit statistical analysis to be undertake

102



o
N 700 - B
BS 600
S, 5001 _
gg2 _ 3 ]
© &S 400- -
= B2 300 '
© - . -
383 3 1T
55 200 11
TS5 100 ] |t
< i Jdob bl
n THEN NN
o H‘H‘N‘N‘ﬂ“#‘@‘w‘@‘w‘w‘@‘m‘g‘
2 L 2 2 8 L QL QY B L L B B

Figure 3.51 ICR MS determined Fe adsorbed from spiked solutions, pH2 conditiong\tigahitmg
sites.

The results however suggest that there will be adsorption by the geophagy samples of Fe i
acidic/gastric (Figure 3.51) and also in thel ipi¢gtommditions (Figure 3.52).
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Figure 3.52 ICR MS determined Fe adsorbed from spiked solutions, pH7 conditions.

The Fe released in samples from the sites <LOQ in prdd®asdlyBis of geophagy samples in
acidic conditions, therefore therelystdikbe little contribution from the geophagy samples to the measure
values remaining in solution in these spiked analyses. At low pH or in anoxic conditions the more
ferrous (R8 form is present in aqueous solution.

The data presented inrfei@u52 suggests that soluble Fe is exchanged/adsorbed or lost. This may

due to formation of insoluble iron hydroxides under the pH 7 conditions ¢Bahi@&®&nann

3.5.1Microbiological Assessment of geophagy samples

The plates were examafegl incubation for 7 days, there was no growth indicating there was no via
bacterial contamination. The plates were then returned to the incubator for a further 21 days. There
growth after this extended period indicating that no viapterésngeafe present.
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3.6 Discussion of Results

The results are discussed in the context of previous publications and the main functional hypothe

geophagy. A summary of the analytical outcomes are presented in Table 3.32.

Table 3.32 Summargf analytical outcomes
Techniquecharacteristic determined Outcomes
Munsell colour characteristic consumed samples pink/grey

Loss on Ignition/ presence of carbonates/o| very low levels organic carbon or carbonates
material

XRDi presence of clay other minerals quartz, feldspars, amorphous minerals minimal kaoli
absence of montmorillonites, limited magnetite and
maghemite

IRT presence of clay minerals/organic quartz, feldspars, amorphous minerals minimal kaoli

matter/water absence ofantmorillonites

XRF detectable elements present acidic nature derived from andesite/dacite type volca

aluminium values

ICH of elements released into gastric extral limited elements reached LOQ, variable levels acros
ICREffects fogeophagy material on potentia| Fe levels reduced when incubated in presence of ge
available Fe material

Laser diffraction particle size in variable plf 89% clayvery finesiltsf<€ m) ; 18 % f i n ¢

media conditions/presence of clay sized pg coarse silts312  £-26% todrse, very coarse sand (
€ m) Atelesaten sites

Sample pH in water and KCI solution acidic in nature
UM analysis of gastric extract following exf| Atelesites 200mg samples adsorbed < 50mg kaolini
to example PSM in gastric conditions 25mg montmorillonite

Microbiological screening of gastric digest | no organisms cultured

3.6.1 Munsell Colour characterisation

A review of the literature of geophagy material publish@@9sisaepllated in Table 3.33. This
indicated that soils consumed by primates were predominantly reddish to reddish brown in colour. Th
red colours indicate that eaten soils were highly weathered and depleted in siliea dk2i¥0)atmiani
to prolonged leaching, together with the presence of oxides high in &tea(V@®BaeWahaney al.

1996, Mahaney al.1997). The yellow colours often indicate released hydroxides of iron or aluminium
signify high clay content (Krishnatradr@000). Hematite, formed by dehydration of goethite (Schwertman
et al.1989), is abundant in ancient red beds whereas goethite is abundant in ywangecglelload
deposits.

Detection of geophagy material by colour is available to lduntatts,a@es and monkeys who
share trichromatic colour vision (Semak2000). Trichromatic vision has bothgeeesdchromatic
channel and biyellow channel. New world primates differ in that thetfinkaad pelymorphisms. In
many cases realare obligate dichromats and females may be either dichromatic or trichromatic colour
(Jacobs 2007). Investigation of the polymorpgtislesgeoffroyhas been undertaken at Santa Rosa
(Hiramatset al2005, Hiramatstial2008). Detectiand selection (based on colour alone) of red coloured
geophagy samplestiglegeoffroyivould therefore be limited to trichromatic females.

Geophagy reports in New World primates are predominantly behavioural and there are few ref
sample or colocharacterisation (Feedl 2008). New World monkeys often consume soil from arboreal

sources, such as termite nests and ant mounds and wet/salido material.
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Table 3.33 Examples of publications relating to primate geophagy since 1999.

Reference Apespecies Colour

Aufreiteet al (2001) | Pan troglodytes schweinfurth| Yellowed 10YR 5/6 bright brovamge 7.5YR4/6

Ketchet al (2001) Pan troglodytes schweinfurth| Not reported

Kleiret al (2008) Pan troglodytes schweinfurth| red

Mahanegt al(1999) | Pan troglodytes schweinfurth| Yellowbrown 10YR 5/%.5YR 5/6 bright brown
eaten

Mahanegt al(2005) | Pan troglodytes schweinfurth| 2.5YR 4/6 yellowishird®YR 4/3 yellow brewn
grey

Reference Old world species colour

Millset al(2007) Bright yellow brown (10YR 7/6) bright red broy

5/6) grey yellow (2.5YR 6/2)

Papio ursinus

Pebswortet al(2012) | Papio cynocephalus ursinus | White pink; ochre/pink no hue/chroma classif
Pebswortet al(2013) | Papicynocephalus ursinus | White, no hue/chroma classification

Voroset al2001) Macaca radiata 5YR 4/8 reddish brown 5YR 5/8 bright red brc
Wakibarat al(2001) | Macaca fuscata No colour reported

Reference and New world primate species

No reports of colour in these publications

Adamet al(2011pithecia irroratdlakest al (2010, 2011, 20A3¢ledelzebut@ampbedit al (2005)Ateles
spp.; De Souraal(2002)Alouatta belzepDlew (2003)teledbelzebuth belzebutolin&onzalez (2010)
Alouatta senicullisnket al (2006, 2011a, 201AtBleybridusMolinat al (2014Rlouatta seniculus
Montenegro (20@4glegpaniscus.

The results for the Santa Rosa samples (Section 3.5.1, Table 3.17) are the first colour characteris
geophagy materials for New World primate species. The eaten materiajpivégsiigbteyreplours.
Pebsworth (2013) reported an exammlesometion in an Old World primate of white coloured
material which had lower Fe content than a rejected pink soil. The report also showed that there we
bioavailability of Fe from both eaten apateroisamples. This illustrates the importasiceelying on
total element content when suggesting a function. Colour can be used to infer presence but not bioax
(Fonteset al.2005). The colour of the Santa Rosa samples suggests that there is unlikely to be signi
amounts of Fe in #ies chosen Byeles
In summary
The Santa Rosa sample colours were markedly different from those in the bulk of the published li

for primates.

3.6.2 Mineral Content

The results from these analyses: XRD, Section 3.5.4, IR SectionRBSest@o XR6 were used
to characterise the mineral content.

The XRF data from Rockwood suggest the materials from Santa Rosa belong to the andesite
groups of minerals (Appendix 1.2 Glossary of Geological terms). This is based on the TAS di
classification (Figure 3.34). Andesites haven&0t 52%3% and dacites-&3%, this is consistent with
the Santa Rosa data (Table 3.26). The feldspar constituents of andesites produce pink grey coloured
(McGrawill 2003). XRD results italitee presence of quartz, feldspars and traces of halloysite, kaolinit
and the iron minerals maghemite and magnetitdtatesbating sites. These results agree with the
minerals of andesitic volcanic lavas in Costa Rica identified by vaneDab(é8®d¢who describe
poorly sorted lahars composed of kaolinite, illite, both 0.7 and 1.0nm halloysite, goethite and g

Halloysite, metahalloysite are species of kaolin minerals with similar structure to kaolinite. Kaolini
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produced imrykr conditions. Halloysite is produced by weathering of volcanic igneous rocks and halloy
dry conditions degrades to metahalloysite (Nieuweal2GG@).

IR analysis did not identify the presence of montmorillonites in the samples (Figure 3.28a), howe\
data from Rockwood suggested montmorillonites were present in a limited number of samples but we
theAteleseating sites and also identifiradl smounts of both kaolinite and halloysite in some of the sample
Table 3.22. IR analysis of Site 7A 7B and 8, Figure 3.33a, have features which may be due to
functional groups or structural water. The water identified may be associptedencth ahehe
paracrystalline sh@amge ordered mineraloid opal, or hydrated kaolinitic mineral, halloysite. The Rigaku
(Figures 3.2%5 and the IR data (Figure 3.30 and Table 3.23) also suggested that kaolinite was only pi
in small amounts

South American terrestrial termitaria samples contained 80% kaolinite, 10% fyibhditea@d(OH)
amounts of goethité*©¢OH), feldspar, plagioclase and quartet @di299), whereas Asian termitaria
samples contained halloysite, metahalloysite and kaolinite as the major clay minerals with n
montmorillonite together with quantities of the feldspars, orthoclase and plagibel&Z¥ {Y.ofdwe
latter, wheexposed to a magnet, identified magnetic minerals ikfié@jea(femagnetite. During the
authordéds preliminary investigations a magnet:.
This resulted in large amount of dark coloutedsimeeeld material becoming attached to the magnet.
Ferromagnetism is the strong attraction to magnetic fields and it is exhibited in few minerals, e.g. magn
maghemite. These were amongst those identified in XRD from Rockwood (Tabléy8i24f. AfREaana
samples detected (in order of abundance): quartz, illite, kaolinite, gibbsite, paragonite, siderite, hal
magnesite (Pebswathal.2012). All these soil samples had swelling properties, which implies that so
form of smectite svpresent in the soils; however it had not been detected in their analysis. Santa R
samples did not show any swelling properties, nor did the samples exhibit the shift in particle size i
comparable to the montmorillonite or kaolinite CRK.88d)res

Variation in constituents is widely reported with ingested and uneaten soils dominated by metah:
(Mahanewyt al 2005) . The <2em fraction also contain
differs from their other puilditatvhere consumed soil samples contained higher levels of halloysite a
kaolinite than to reaten samples (Mahastesd. 1995b, Mahaneyal.1995¢, Mahaneyal.1997). Soils
eaten by human populations had high levels of hydrated halloyisitie ame&i@en samples but material
also available locally containing montmorillonites was avoidezt /20Dy
In summary

The Santa Rosa samples contained relatively little kaolinite. In contrast the literature analy:
consumed soils aedmitaria material consumed by humans and a range of primates reported the prin

mineral present was kaolinite.

3.6.3 Particle size distribution properties

Atelegieophagy sites were those with the lowest volume % of clay $zgdre 8.36a)d there
was no significant difference betwedtellt® at i ng sites mean vol ume %
there was a significant difference betteéesand the remaining sites with the site chosefdlyuthe

having larger amounts (Tal#. F2r the particles classed as silt8 Lemdarticles (Figure 3.36b) there
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were significant differences in the mean voldhprosized particles (Figure 3.36b and Table 3.28) but
there was no significant difference betwddaldbeatingsites. Both the <4 an8lgn particle size
fractions representing the clay sized and silts are those which would be expected to be involved in |
adsorption of PSM or toxins.

Atelessites had higher values for the largest particle size clasgFigh®@ 3.37) however there
was a variation between all the sites (Table 3.28). Needle like particles may, dependsagtiomtieir cross
presentation, may be recorded as either smaller or larger sized particles, and therefore potentially di
data, for the particle sizes. There were no particles > 1mm in the reference materialszanchfew in the
range in any of the site determinations. These limited results suggest that the two monkey speci
geophagic material with different chstiasteFrh€ebusSite 8 had the largest proportion of very fine, fine

and medium sil@ebusare more folivorous and also consume up to 50% insect and invertebrates (Frags

et al2005).

Table 3.34

Published clay particle proportions relatingempoptzgy since 1999.

Reference

Ape species

Eaten samples Particle sizi

Aufreiteet al (2001)

Pan troglodytes schweinfi

O50% c | a&m si

Ketcret al (2001)

Pan troglodytes schweinft

3068% <€m

Kleinet al (2008)

Pantroglodytes schweinful

1544% <@m

Mahanegt al(1999)

Pan troglodytes schweinfd

34.357.3% <2n

Mahanegt al(2005)

Pan troglodytes schweinft

3991% <@m

Reference

Old world species

Eaten samples Particle sizi

Millset al (2007)

Papio ursinus

37.5% <&mn

Pebswortat al(2012)

Papio cynocephalus ursin

2534% <2m

Pebswortat al(2013)

Papio cynocephalus ursin

42% <2m

Voroset al2001)

Macaca radiata

2631% <2m

Macaca fuscata

4-18% < @m andsilts 4561%

Wakibarat al(2001)

For New World species the analysis of geophagy samples at Cayo Santiago found that the ma
consumed material with clagm(<gaction 8B% compared to control sampi8%ddMahaney al.
1995c). There was no further publishéor déeav World primates to permit a comparison. Table 3.34 lists
size fraction data for Old World primate species.
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Figure 3.53 Cumulative mean volume % m2 si zed particles

Several of these determinations were made using the dry sieving mbilsbdmt alicectly comparable
the differences in scale when compared to the data from Santa Rosa are obvious in Figure 3.53. The r
character is the data from Wakibara (2001) witléh ss&in.
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In summary
The measured particle size distribution is a further instance of a major difference in the n

chosen by thtelescompared to that reported for other primate species.

3.6.4 pH characteristics

Table 3.37 shows the range of published valuesgomatte species. There was no published data

for New World primates to permit a comparison.

Table 3.37 Published pH characteristics relating to primate geophagy since 1999.

Reference Ape species samples pH

eaten 6.09.41 control 5:8197

Aufreiteet al (2001)

Pan troglodyteshweinfurth

Ketchet al (2001)

Pan troglodytes schweinft

eaten 6:6.7 control 593

Kleinet al (2008)

Pan troglodytes schweinft

N/D

Mahanegt al(1999)

Pan troglodytes schweinft

eaten 6.0857 control 5.@115

Mahanegt al(2005)

Pan troglodytes schweinft

eaten 5.48.12 control 56416

Reference

Millset al(2007)
Pebswortéat al(2012)
Pebswortét al(2013)
Voroset al(2001)
Wakibarat al(2001)

Old world species

Papio ursinus

Papio cynocephalursinus
Papio cynocephalus ursin
Macaca radiata

Macaca fuscata

Eaten samples Patrticle sizes
N/D

eaten 92.8

eaten 10.1 non eaten 10.3
N/D

N/D

The Santa Rosa samples consumed Ateldshave pH ranges 66L24, little different from the
control sites (Section 3.5.7 Table 3.27) whereas the single site €abosvasheH 5.28. All of the
ai pH ¢X)a dudgestng tipgt tHeiglasga | u e .
The opH

-0.43 theCebussite is categorised as strongly acidic, suggesting it would have a lower buffering cap:

Santa Rosa samples have

have a net negative charge. This would allow them to behave as adidf@r QNgdle) .

Folivore stomach pH neede tat la relatively high pH to sustain their symbiotic bacteria and mitigate tl
effects of over production of volatile free fatty acids (Kashh2zo0ani

Commonl vy, exchangeabl e aluminium is pmesent
Service 2004). This is the case for Sit8sahd 10 Table 3.29. Antacid properties are related to the ability
to neutralise acidity, reduce acid secretion and to interactions with the glycopeptides of the mucous
acid pH. The measuregcgtdggests that there will BeioXIs released from clay minerals or Al oxides in
the Santa Rosa geophagy sampfesiodd have been shown to increase synthesis of protective
prostaglandins which increase mucus gel viscosity and bicarbonategsstiietimndnsa (Laatyal.

1982). Aluminium salts are found in many pharmaceutical antacid preparationst (&r20@ynani
However Tennattal (2008) established a clear role for gastric acid in reducing susceptibility to infection
ingestd bacterial pathogens, therefore elevating pH, by neutralising HCI in the stomach may be dele
under some circumstances.

There may also be disadvantages to buffering/pH changes caused by ingesting such materials.
solubility, including Fes fadl pH rises. Any rise in pH will therefore reduce the dissolution of Fe and
reduce bioavailability even where samples levels are hata(2008y Too little acid can interfere with
the absorption of iron, calcium, vitamin B12, as wabaseptedenteric infection, bacterial overgrowth,

and gastric malignancy (Schubert 2007).
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In summary

The samples may, through the releade oA potentially beneficial or deleterious effects for the

monkeys, depending upon the amount consuimediesudnstances of consumption.

3.6.5 Antibacterial activity

Recently there have been several publications citing the properties of clay minerals as alternal
antibiotics in treating various different types of bacterial infecteired 2868d¥londruskaetsal 2010,
Williamet al.2010, Willianes al.2011, Ottet al.2013). Alternatively soil organisms are a common source
of antibiotics (Smith 2000, kKtah?2001). Antimicrobial screening of geophagy material did not detect tr
presence of any bacteria or fungi which may have produced antibacterial growth inhibiting compour
results for the LOI analysis (Figure 3.19) together with evidence from the IR analysy gtiggess 3.33a
that there is minimal if any orgatéciah present in the samples. With the exception of Sites 7A, 7B and
the LOI values are all below 5%. A Low level of organic carbon introduces errors which may prevent
guantitative comparisons (Santist¢lzdr2004). The very small sanipdeavailable together with the
effect of sample variation errors may have introduced errors in LOI determinations.

A direct antibacterial activity of aqueous leachate through the activity of exchangeable ions ha
reported (Ot al2010, Willianes al2010, Willianes al2011, Ottet al2013).

The ability of clays to bind to siderophores and athelatirn agents has been reviewed by
SiebneFreidbacket al (2004) and Maurateal (2009). The interaction of the geophagy sampkes with
(Figures 3.7871) show that samples have the potential to lower Fe levels in the Gl tract. There are
principal mechanisms involved in the Fe losses, ion exchange and formation of Al/Fe insoluble com
Bacteria have several mechanisms fgptdle which facilitates survival at different life stages e.qg.
Escherichia golPseudomonas aerugindSsalmonellapp. andKlebsiella pneumoniage secreted
siderophores to scavenge host iron. Siderophores are low molecular weight catechtd or hydro:
compounds with a high affinity for iron, which effectively compete for hestak&9®8jlsomorder to
adhere to mucosal surfatdshomonasynthesise surface adhesins anehdiyoence molecules.
Production is increased in the presenbiglflevel of iron. Virulence is increased by several mechanisms i
the presence of iron (Wigtaal.1998) and Trichomonads grown in iron deficient media lose their virulen
(Glanfieldt al2007). Limitation of availability of Fe is a poss@siessmdchreducing bacterial growth and
subsequent colonisation or infection by prevention biofilm formatoml@0QMic&hese mechanisms
could reduce the local production and prevent diffusion and subsequent adsorption of enterotoxins ar
systemic or local toxicity and so potentially reduce the impact of an infection.

In summary

The IR results in combination with the lack of fungal or bacterial growth makes it unlikely that ther

be any source of potential antibiotic effectssitlityof Fe adsorption may assist in limiting establishment

of infective organisms or reduce infection load.
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3.6.6 Antiparasitic activity

It has been suggested that geophagic material may reduce internal parasite load e.g. geohelmi
reducing colonization of hosts (Krisheaal20i00). The larger particles preseniielibsite samples,
if sand like, may exert an abrasiv®ifuan the lining of the GI tract possibly detaching or damaging th
surface of attached infecting organisms, in a similar manner to the possible fleaftmndibovamgyby
chimpanzee.

Particle fractionsem#in geophagic material may becamd bao the mucosal layer effectively
increasing its depth and so increasing its effectiveness. Clay minerals have been shown to incre:
thickness of the mucous layer due to the interaction of mineral particles and mucous glycopeptides, in
gastrointestinal glycopeptide polymer(tattoraret al.1994, Reicharelt al.2009) Geophagi has also
been shown to induce a change in the morphology of the mucosal epitheliat EyE7(9ayurch
changes may also reduce infection bytipgetrenattachment and penetration into the epithelial cells of the
gut wall of microorganisms and parasitic protozoa, as attachment is often the critical primary stage in
(Nobuket al2011).

The viability of infective organisms may aldockd k& interactions with clays as is reported for
Histoplasma capsulafiluawvieet al.1986b, a). Clay and fine silt sized particles may coat the surface ¢
infective organisms. Tapeworms, a cestode, lack an alimentary canal and so nutriemtsedhust be al
through the tegument The external cuticle contains negatively charged pores (15A radius) through
obtains water, ions and other nutrients and excretes its waste products &rh98%)sdine tegument
of trematodes i.e. a fluke is mig@hoactive and is involved in adsorption of nutrients, osmoregulation a
excretion (Smyhal.1987). Physical blocking of such pores by particles adhering to the cuticle would ha
significant effect on viability. In this manner the smdtiactisimednay reduce the viability and hence
virulence of infecting organisms and regulating parasite load. This may be the mechanism responsibl
observations reported by Knezevich (1998).

In summary
There are several potential mechanismstoghugsical effects or related to particle size which may

potentially influence establishment of infections and subsequently parasite load.

3.6.7 Antidiarrhoeal activity

A reduction of fluid loss and antidiarrhoeal activity could be relatethgopitopestied of clay
minerals. Montmorillonite clay minerals exhibit swelling of the crystal lattice due to interlayer expansior
by the adsorption of water. There may also be interparticular swelling which involves an increase in vol
to adsrption of water molecules between individual clay sized particles. Kaolinites, whilst not ext
swelling, are also capable of adsorbing water onto their exterior surface layer (Baeshad 1955).The
montmorillonite and low kaolinite conterbanttt Rosa samples does not preclude the geophagy samples
from being used in mitigation of diarrhoea symptoms but it may have limited antidiarrhoeal activity
watery diarrhoea.

Enterotoxins are produced by many bacteria and those from argaasdfsshsuichia coli

Staphylococcus aureus, Salmonella ergeddasteria monocytogemeay potentially have serious
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impacts on health. Toxins from these organisms can cause gastrointestinal distress (diarrhoea), dizzin
muscle pains; at giéintly high levels they can be mutagenic, carcinogenic, or fatahl(X@iltig
Changes in the properties and thickness of the mucous layer will reduce the direct effects of enteroto
by reducing absorption mitigate the systemic effects.

A turther mechanism for reducing toxicity results from the binding potential -ofgamissisnicro
directly to the clay material and the subsequent elimination of these from the body. The mycotoxin
(Fioramongit al.1987b) and toxins producédiijo chole(&ioramongit al.1987a) are adsorbed by clay
minerals thus reducing the increased gastric motility caused by these toxins. This reduction in motili
have a beneficial effect on fluid balance.

Geophagy as an antidiarrhoeal ageriebassuggested as a potential function for controlling
diarrhoea induced by diet change in the predominantly folivorous mountain getiltd. (DRHaney
Ingestion of food items high in soluble carbohydrates and protein and low fibre stiay cpsists.dige
Wakibara (2001) reported that the provisioned foods given to the Japanese macaques met this char:
and suggested this may be one of the uses in thisRiesu®macaqgate soil at the same time on 64
occasions, with 84% of sveaking place close to supplemental feed stations (Knezevich 1998). Often
monkeys still had feed in their cheeks when they ate the soil. Monkey chow traditionally has high carb
and protein and low fibre (LabChows Purina® and Mazuri@aZoeheeid). A reduction in geophagia
was reported in lemurs when they reduced their intake of provisioned foods (Ganzhorn 1987).

Atelesat Santa Rosa had changed the major dietary fruits at the time of their geophagy (Filippo
personal communigathapter 1). During SepteMioer e mber t he mon Emypdad pr i
mombirandradikofefiTable 1.1%. mombihas a higher fructose level than other commonly eaten fruits at
Santa Rosa for which published data was availaHlerr{&ilzet al.2003). Fructose malabsorption
(Anderssoet al.1978) and high fructose content of the diet have been linked to bacterial metabolism i
colon producing free fatty acids and gaseshtaaisiny cramp and osmotic diafthes@chowsét al.

2010) Clay minerals and clay sized particles can adsorb free fatty acids (Theng 2012).
In summary

Whilst the geophagy material had little potential for reducing watery diarrhoea by the adsorption
it retains the potential to adsorb trXiree fatty acids which are possible causes of diarrhoea. The respon:
to altered dietary items appears to have more merit but warrants further investigation before an

connection can be established.

3.6.8 Mineral or micronutrient supplementatio

Figure 3.54 is a comparison of some nutrient elements of interest; which had values > LOQ. T
little difference between the sites suggesting the areas sampled are reasonably uniform in their com

Whilst the highest levels are for cal@yrare only at the pg/g level.
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Figure 3.54 Intersite comparisons of elements released in Gl digest conditions

New World primates at Twycross Zoo (working on the basis of a max 2% weight/day based on 6kg a
provided with 42g/day Md&nimate® and 138g/day Mazuri Browser Breeder® pellets to supplement t
fresh fruits and vegetables (Zak Showell, Personal communication).

As can be seen from Table 3.36, geophagy samples provided insignificant amounts compared t
listed in the twarphased supplements. In order to benefit from the levels of minerals released in pH2, a
amount of geophagic material would need to be consumed to have any significant contribution. Thi

involve eating a relatively large volume of matexmalwidimpact on food intake.

Table 3.36 Comparison of nutrient minerals in geophagic samples and commercial primate feeds used for fe
AteleguscicepandAtelepaniscuat Twycross Zoo, UK.

Mazuri primate® Mazuri Browser Brder max value geophagy
42g/day/6kg monkey ®138g/day/6kg monkey samples 3g/
calcium 1.11 (g) 1.76 (g) 450
phosphorus | 449 (mg) 676 (mQ) <LOQ
sodium 130 (mg) 483 (mg) <LOQ
magnesium 92 (mg) 524 (mg) 163
copper 0.69 (mg) 3.27 (mg) 22

This lack of supportrfatritional function is consistent with much of the published literature for prim
species (Mahanetyal. 1995c, Aufreiter al.2001). Commonly, only minor differences in minerals and trace
elements were detected between eaten and control samptesl.00M)s Material from termitaria were
reported as being high in Ca, Mg, K and P (Krighz8@00) Mn, Fe, Al, Na, Zn, Cu and Ni (Settz
al. 1999). Leaf cutter ant material was reported as being high in Ti, Al, Fe, K, Zn, Ni, Cr and P &
bioavailablity was not determined @f#ler997). Pebswowrth al.(2013) reported that eaten samples
were lower irefhan rejected but that Fe had low bioavailability.

Dividing minerals into macro, micro and trace categories Krigin(@0@0) suggested that
macromineral levels were sufficient in primate diets and that micro and trace elements wege likely to
significant due to their essential function in enzymes and DNA and RNA synthesis. General trace
sourcing was hypothesised by (Hewhahh991) and specifically Zn and Cu (Kikeuaih2009a,
2009b). Milkst al.(2007) reported that ldrgest of the lick sites analysed were enriched in micronutrients
and concluded it is possible that the need for micronutrients was driving the geophagy. As previously s
availability of the trace minerals in Santa Rosa samples of Bo, G, Ge, & |, did not meet
LOD/LOQ criteria.
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Rodeet al.(2003) conducted analysis of leaves and fruits available to two colobine monkeys
concluded that whilst the fruit content of Zn, Ca, Fe and Mg was less than that of available eaten leaf
there may only be deficiencies in Na and Fe inAtededi#tSanta Rosa consume a large proportion of
Ficudfruits, particularly strangler figs (Table 1.1). ¥eadd2000) analysed 14 fig species and reported
high levels of Ca and K and thevéige not deficient in Na. It is unlikely that there would be a deficiency
Mg where the monkeys ate green unripe fruit as chlorophyll is a potential souret aifligigg)Bolton
In summary

The quantities released from Santa Rosa sangglielic iconditions do not support nutrient

supplementation hypothesis.

3.6.9 Adsorption of PSM

This hypothesis has been suggested for manykpawek986, Gilagtlial.1999, Krishnamai
al.2000, de Soura al.2002, Brightsméhal 2008, Arrigdelsoret al.2010, Yourgf al.2011) for both
PSM and other toxins.

Adsorption to soil/clay minerals occurs through several different mechanisms. Physical attractior
Londo#Van der Waals forces is important in external sutifaee fdas is particularly important for large
organic cations (Hendricks 1941). Uncharged organic molecules are adsorbed mainly by Van der
interactions and this is important in larger molecules where there is larger area of contact.

Hydrogen bondimay arise where an organic molecule hEsoarON group aihits important at
external and intermicellar surfaces. Electrostatic forces occur where organic cations i attracted
charged surfaces and organic anions to the +ve chargedesl§Essuifa98).

The pH of the solution will determine the charge on clay mineral suspensions. The pHs at which-
has its isoelectro point is called the AHthis point the clays will have no exchange capacity The pH
kaolinite is pH426 ad montmorillonite pH3<Below these pH clays will have anion exchange capacity.
Bonding to Al and Fe oxides is more variable as Al and Fe oxidesAa%® higlugsd Consequently
the surface charges may be aither +ve. At low pH, adsongtibiions results in a net +ve charge and
this favours anion adsorption (Tan 1998).

Strong bonds between the layers of kaolinites limits adsorption to the outer surfaces and edge
Montmorillonites have active inner and outer layers, the beiag e greater. Inter layer adsorption

depends upon molecular size, polarity and polarsability of the organic compounds (Tan 1998).

3.6.9.1 Adsorption of tannins

Johnset al.(1991) reported tannin adsorption by clays used to make acorn fresd>.&gyéd
mg/g, and to two CRM clays a kaolinite 2.5mg/g and a montmorillonite 21.2mg/g. They also reporte
adsorption by African clays -& 38g/g. In both cases the utilised clays had kaolinites as their major mine
constituent with theorn bread clays also containing montmorillonites. Adsorption of tannic acid by the ¢
Rosa samples ranged from7443ing/g, and the CRM clays kaolinit2)(862mg/g and montmorillonite
(SWy2) 50.64mg/g. This is a similar pattern to theesadactays.

Tannic acid exhibits a strong affinity for Al. This leads to the formatiéhoofduyidrorynplexes

and/or #llefined aluminosilicate complexesdtradd®86). Diartaric, citric, ancHalic acids behave in
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a similar manner awdifspresent in physiological situation may compete with tannic acid binding. In add
to the chemical bonding between horate complexes and clay particles the physical adsorption
forces are additive in high molecular weight complexesedgetioragd hydreXiclay particles is
promoted by the tannic acid which is then retained within the complex (Huang 1995).

There are variable results for tannin adsorption in the literature. A high binding capacity for tannin
geophagy materiabwaported using the tannin precipitation metreich($889). Wakibagaal2001)
reported low affinity for tannins%8%82f extracted oak tannin in test solutions. Adsorption by the Sant
Rosa samples was tannic acidq{418@g/g) > galicid (2.08.60mg/g). Aluminium released in acidic
conditions can form alumitanmate complexes with tannins which can then be adsorbed by montmorillol
clay minerals (Gethal 1986, Buondonebal 1989). Negligible amount of tannate bindday soefaces
in the absence of aluminium, whereas in the presence of-Aldmydrexgpecies easily adsorbed on
clay surfaces. There are positively and negatively charged sites preseXioigagniraxyd complexes,
(Gohet al1986). Tarmacid binding was highest for Santa Rosa Sites 1, 6 and 8, Figure 3.44, these wer:
sites identified as potentially containing traces of montmorillonite clays by the XRD performed at Rc
Industries (Table 3.22). Tannins adsorption to thaléd/Fatloed than to the kaolinite mineral has been
reported by (Siebfeeibacket al.2004). They found that adsorption of organic cations to montmorillonite
occurs rapidly reaching a constant vEluehowever kaolinites had a very poor affinity and there was nc
significant adsorption after 3 days. This may relate to molecular size and structure.

Brightsmitét al.(2004) reported thah e %< bu:
and 38.41% gallic acid adsorption. Pearson Rank correlation for Santa Rosa samples showed no corre
t ha

4em particles condr.i

tannin adsorption and particle sizes | ess

Al released in the 1B determinatis. The results indicated that adsorption of 39.46% (tannic acid) an

47.05% (gallic acid) was in part related to the amount of Al detected but there are other factors involvec

3.6.9.2 Adsorption of alkaloids

Santa Rosa samples adsorbee2881g/guinine (Figure 3.41) and this was similar to the results of
Mahanegt al(2000) and Aufreiéerl (2001) shown in Table 3.37.

Table 3.37 Published values of alkaldgbrption by geophagy samples
Reference species alkaloid adsorption Main mineralpe
quinine 1.853.03mg/g - . .
Aufreiteet . atropine 1.552.56mg/g K.ao'.”.“te (1:1) clays, |I.I|te an
chimpanzee . significant levels of (2:1)
al(2001) lupanine 1.412.34mglg montmorillonite tvpe clavs
sparteine | 1.252.08mg/g. yp y
quinine 3.073.41mg/g inlv kaolinite mi |
Mahanegt al. atropine 2.333.04mg/ mainly kaclinite minerals
humans . illite and minimal
(2000) lupanine 1.342.77mglg montmorillonite
sparteine | 1.762.45mg/g
Johns (1986) humans tomatine 490 mg/mg pH2 Elrae;/jsommantly montmorillon
quinine 9.111.33 mg/g
Wakibarat d Japanese atropine 8.110.13 mg/g | Moderate levels of kaolinite
(2001) macaque lupanine | 6.938.69 mg/g | and illite
sparteine | 6.568.20 mg/g
Brightsmitht al. birds quinine 27mglg - I
(2008) kaolinite, montmorillonite
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Brightsmitht al.(2008) suggest that the montmorillonite was responsible for the much higher bindi

quinine (Table 3.37) stating that montmorillonites bind 25 times more quinineBhghtkaotatitds.
(2008) also reported that proportion of clay sized particles accounted for 46% of adsorption of quini
suggests that in this case both types of clay mineral present and % clay sized particles both contr
adsorption of quinine. Heat treatingmorillonite collapses the interlayer structure and heat treated mater
only adsorbed a similar amount to a kaolinite clay, suggesting most of the quinine binding occurs
interlayer. The lack of Hialggr space is responsible for the lodveg loinkaolinites.

The aut horés adsor pt i o n-2)ddaorbag >8Mhtinesanore gquminentham t
the kaolinite (K@nin accordance with the Brightsmith data. Sites 1 and 6 had the highest adsorption
these were tentativelytitled as the only potential montmorillonite containing sites (Table 3.22).

Pearson rank correlattamd no significant correlafiwridanta Rosa sample adsorption of alkaloids

and particles sizes be3ov e m. Mont mor i | | onAeleaingsies. e not det e

3.6.9.3 Adsorption of flavonoids and phenylpropanoids

Adsorption of naringin was higher than that of chlorogenic acid. There were no determinations a
in the literature to enable any comparisons to be made. Howevepiéffentiogataof naringin,
responsible for the bitter taste in citrus juices, has used moddiayg migarals (Arell&tardenast
al. 2012) adsorbing-B2% at 2& and pH3. Ferulic acid, a phenylpropanoid closely related to chloroger
acid, has lem intercalated with an anionic montmorillonite like clagxgiaggemrmechanism but there
were no data for a kaolinite mineral in the literature.

In summary

The results suggest that the Santa Rosa geophagy samples would be of poédntaiguse in
exposure to PSM to varying degrees according to class of PSM and constituents in the samples. W
undertaken there is much literature relating to the mitigation of other classes of toxins e.g. bacterial en
(Brouillardt al.1989)the mycotoxins aflatoxin (Phillips 1999) and zearalenone toxire{ Shaiiskyy
and the toxic lectin ricin (Jagin@2005). Ricin and mistletoe lectins have similar structure, belonging to tt

same class of compounds.

3.6.16Bummary of thadingsind Conclusions

0 Santa Rosa sample colours were markedly different from those in the bulk of the publ
material.

o XRD and IR results indicated the samples contained relatively little kaolinite. In contra:
literature analyses of consunikscasal termitaria material consumed by humans and a range
of primates reported the principal mineral present was kaolinite.

o The measured particle size distribution is a further instance of a major difference in the m
chosen by thgelesomparedtthat reported for other primate species.

0 The quantities of minerals released from Santa Rosa samples in acidic conditions dc
support nutrient supplementation hypothesis.

0 The samples may, through the release of Al3+, have potentially betefioizd effdets

for the monkeys, depending upon the amount consumed and the circumstances
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consumption.

0 The results suggest that the Santa Rosa samples would be of potential use in redt
exposure to PSM to varying degrees according to classl afdPStifuamts encountered in
the diet.

0 The IR results in combination with the lack of fungal or bacterial growth makes it unlikel
there would be any source of potential antibiotic effects. The possibility of Fe adsorptior

assist in limiting ddtshment of infective organisms or reduce infection load.

In Conclusion:

The physicochemical characteristics of the Santa Rosa samples showed a marked difference fr
majority of the primate geophagy literature in the following areas: etougvalolstection levels of the
clay minerals kaolinites or montmorillonites, and the low % of clay sized particles. There was a high
consistency across the selected control sites and the confirmed eating sites.

With regard to the current hygestibe remaining results indicated that the samples had little potenti
for detoxification for a range of example PSMs, were unlikely to provide nutritional support or act as an
There remains the potential for the adsorption of antimitsobial foee fatty acids both classes of
compounds which may be linked to diarrhoeal symptoms. There was no detectable direct activity
bacterial organisms however there are several other mechanisms which may have an impact on estak
of infetion in the Gl tract. The possible abrasiveness of the larger particles may increase the rate of r
secretion in effect reducing number of infecting organisms. Smaller sized particles may stimulate ch:
the endothelial tissues and increasscttmtyiof mucous secretibmgting attachment of organisms to Gl
tissues. Finally there is the potential of a reduction in available Fe which may retard the growth of i

organisms reducing virulence and hartipeastblishment of infection.
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Chapter 4 InvestigatioRrairadendrdeaf

4.1 Introduction

This chapter relates to Specific Aim 2 (Sectian detel)ninehethedifferences in the mineral
content and the phytochemistry &htradendranfluence the selection ofPtheradendrospecies
consumed. Additionally if such a selection suyggssidéunction for tithoradendraonsumpticand
Specific Aim 3 (Section 1.1a).determine whether there is any interaction when geophagy follow
Phoradendra@onsumption.

Several important factors led to the investigdtmadéndrpand not any other leaf consumed. It
has already been stated, (Sections 1.3.1 and 1.8),ctratuthption requiredte adjustmentsad
seasonality, and was not related to fruit scarcity. Nor was it likely to be an important source of protein:
small amounts-Z1leavesvere consumed. Tiegularconsumption aofature mistletoe leaves5(
times/year) was also considered significant, as only one other regatapleabfeating had been
observed, and this was of young leaf (Table 4.1). The remainingreatumghedf obnsumption were
occasional (<5 times/year). A further @imideas the nature of the mistletoe as a small parasitic plant
species with a patchy distribiidcema 20Q3)eing a very limited resource when compared to leaf eaten
from the tree species. There is also the widespread perception that anidtle¢toedeafre poisonous
(Hallet al 1986, Perez 2011)

Prior to the identification of the mistletoe species, it was thought that there were three mistletoe
occurring on three main host trees. The use by the monkeys mainiposit/mistiegi@danilkara
chicld?horadendron quadrangulacembination was therefore considered highly interesting. Followin
identification (Section 1.4) two mistletoe species and three main host tree combinations were identifie
was more of tmenrconsumed second species potentially available and the leaves of non eaten mistl

species (Figure 4.1, A and B) were larger than the eaten species (Figure 4.1, C).

Figure 4.1 (A)P. robustissimuruost tre@. ochrace@);P. robustissimdrom host trée speciosand (C)
P. quadranguldrest tredl. chicl¢ Aut hor 6s phot ograph)

The differences between the species is illustrated by collection data as approx. 16g fresh
mistletoe leaves required 45 leawgs grohosWanilkara chig®IC) 18 leaves grown on hasthea
speciosél.S)and 8 leaves grown on fabtbuia ochragd®).

Table 4.1 lists theporteghhytochemicalassef thematureor regularconsumed leaves (®B.

times/yeatogether wielxamples available from the literatureathtieinadal omedicinal uses
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Table 4.1 Activities of leaf regularly consumed or mature leaf coAselesgddifroyi at Santa Ros

Family:species Leaf/ Literature relating twonstituents
frequency

Fabaceadiymenaea | young regular | Reported to contain sesquiterpenes, tannins and fl@Velkaeisal.
courbaril 2007).

Apocynaceae: mature- No specific publications; flowers have sweet saemiti&dJlirgeasal.
Marsdenia englerian{ occasional 2010). There are overM@@sdenigpp. in Asia, America and tropical A
Plants used to treat Gl upsets, reduce fever, pain and treat diabete
infections (Wiart 2007).

AraceaeSyngonium | mature- Leaf high in carotenoid lutein (ChatdriR810) and lutein. This linked
angustatum occasional visual acuity (Stringheiral 2010).

Boraginaceae: mature- No specific publications but extensive worldwide use €T ail2Qa®)i
Cordia panamensis | occasional Review of Indigordiaspp. indicated the presenflavafnoids, triterpenes

tannins, alkaloids and fatty adidsnalgesic, astiflammatg,
antimicrobial, antiviaaljfertilifhypoglycemic and antihyperglycemic
activities (Jamkhamdel2013)Cordideaves contdiiavonoidrtemetin
which has proven dmitammatory activity (Setti¢1990)Cordideaf from
Panamanian species con@imthoquinonesghantifungal activities agai
Cladosporium cucumerinum, Candida alhictxdty againstwo species
of mosquito larvaarvicidal activity has been reported from leaves of|
Brazilian speci€srdia globogde Menezext al2006)Otherconstituents
inCordiancludethe triterpenesordialin A andd@ydcordiaquones
(substitutedaphthoquinoneBlaphthoquinonastivitiemclué: antibiotic,
antiviral, artifammatory, antipyretic, antiproliferative and cytotoxic ¢
(Babulat al2009)No alkaloids (Jostal 1971).

FabaceaSamanea | mature- Multiple activities of-artilant, antimicrobial, free radical scavenging,
saman occasional et al2008, Ferdoes al2010, Cheet al2011). No alkaloids present in
(Chevet al2011). Traditional remedy for colds, diarrhea, headade,
ailments and stomach ache @w##&981, Duke 2008). The leaf infusiq
used as a laxative in the West Indies (Ayensu 1981).

Malvaceadipeiba mature- Antioxidant (Souza 2012); no alkaloidst @ti#71).
tibourbou occasional

Table 4.Righlights the potential medicinal/ beneficial properties of theursgigavasthat are eaten
onlyoccasionallypy theAtelegyeoffroyat Santa Rosa (SR).

An important consideration for the investigatiBharbtendrapp.was the availatyiland use of
licensedViscum albummedicinal products. These products are used for supplementing surgical a
pharmaceutical treatments e.g. Iscador®, Isorel® andKdeoe®al.1991, Zarkovat al.2001,

Eneselet al.2005, Ellurat al.2006, Urecht al.2009, Weissensteinal.2014)in Europe and Asia.
Ethnomedical literature for mistletoe use (Section 1.8. BunophedgBissing 2000 fricaiiDeenet

al. 2002) South AmericéRernandeet al.1998) Central AmericéRiveo-Cruzet al.2005)the Indian
subcontiner{tslamet al.2004)and Asian mistletogseeet al.1999) In Germany mistletoe products
including Helixor are included in an Arzneimittelrichtline (AMR) directive for therapeutic medication for

Worldvde, mistletoes are considered a keystone r@s@isoa 20Q1providing nectar, fruit and
foliage and nesting sites to hundreds of faunal species. Three years after experimental removal of r
there was a significant effect on bird §pémieset al.2012) Woodlands loapproximately 20.8%he
previoudotal species richness, @605 woodlandependent bird species and %@48the woodland
dependent residents, compared with moderate indiedsseciesantrol siteshere no removal took
placgWatsomt al2012)Atelegjeoffroyare classified as an endangered species (Section 1.3) therefore thi
Santa Rosa National park authorities closely regulate any project which may have an impact on the v
of the spees present in the park. Araida.(2012) reported an important interdependence Between

guadrangula&unthand birds of the spedephonidFringillidaelP. quadrangulasea major food for
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andis almost exclusively dispers&aiftyoniapp.These types of factors were taken into account when the
permissions to collect and export mistletoe were granted. The sample size and the duration of collect

controlled and sampling had to have minimal impact on each source plant.

Table 4.2 Activies ofyoungleaf consumetcasionalipyAtelegeoffroyat Santa Rosa
Family:Species | Leaf/ Literature relating to constituents

frequency*
Anacardiaceae | young Antioxidant antibacterial volatile oils,maiptgrpenéRodrigueBurbanet al.
Astronium occasional | 2010, Hernandetzal2013, Hernandeizal2014). Activity agailisthomonas
graveolens sp, Giardia muramdHexamita mufisediving flagelat@ylartineEsquivel

2010).

Apocynaceae: | young No specific publicationsApotynacedamily has anti cancer activity (8¥ahg
Forsteronia occasional | 2011a) and antiplasmodial activity ¢\&d2§11b), constituents include
spicata chlorogenic acid (Wehgl2014).
Fabaceae: young Historical use for snake bite, stings of the black widow, washing of wetur
Diphysa occasioaml | al.2003). Mayans use leaf extract for treating wounds or ulcers and bloc
americana (Duke 2008) and also used to induce sweating .
Lauraceae: yaung- This genus contabenzylsoquinoline alkato{€Castro 1993, Lopeal1996).
Ocotea occasional | The major constituents in leaf oiltheapaenétriterpene)i-cadinene
veraguense (sesquiterpeneapathulentd sesqiterpene), glokanalb-caryophyllene

(sesquiterpene). Herbal uses of the Lauraceaanticifldemmatory, antibiotic
antioxidant, anticarcinogenic and local anaestheti¢Gitsivéies al2005).
Spathulendilas insect repellant properties (Cetrat@005)globulol

antila c t er i achryophylieties anticgncer detivity (Legbal2007).
Veraguensjra ligan (Crosskelyal 1962) has also been identified; it has acti
against osteoclasts (Asail2012).

Moraceae: young Leaf is low total polyphenols; total tanfttesnande@rdufi@t al2012). No
Brosimum occasioal | alkaloids (Joséal1971). Activity agaifisthomonas, Giardia murad
alicastrum Hexamita mu(iglartineEsquivel 2010).

Moraceadicus F. cotinifolleaf extractre used to treat wounds and $iniséexico and Cen
cotinifolia young America; no antioxidant properties are exhibifeet§Ratial 2008). In

Honduras used to treat worms and intestinal parasieal(L@983. Activity

occasional againsTrichomonap, Giardia mgrandHexamita muliglartineEsquivel
2010).
Moraceadiicus | young Similar t&. cotinifolia
hondurensis occasional
Urticaceae: young Chlorogenic acid presentbighintidiabetic activity (Andtatteet al2005,

Cecropia peltatg occasional | Andrad€ettoet al2010)

Following consultation with Professor JJiuéts(ty of Victoria, VictoanadaPr. G. Kite (Royal
Botanic Gardens Kew, London) and Dr. S. Larsson (tlppssatg,dSweden) it was realized that there
would be insufficient material collected at any single time/plant to perform a typical phytochemical ana
isolation of identified compounds. This project was therefore designed to attemgifferatetestiany
classenf PSM between the eaten angaten species that may/may not influence the choice by the
monkeys. The impact of host tree on mistletoe phytochemistry was highlighted (Section 1.8.6). Shc
difference tlassede detected this could be then be investigated further beyond this project, perhaps t
material sampled from outside the boundaries of the national park, with reduced impact on the end.
species resident in the park.

The presence of several krddagsef biologically active PSM in the Viscaceae (Sections 1.8.2
1.8.6) together with the possible concentration of certain minerals (Section 1.8.7) suggests th
consumption of the mistletoe may potentially be beneficial to the monkeysn&phsusnptiample of
selfmedication or nutrient supplementation.

The possibility thRihoradendromas being used aelmedication was supported byintited
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published information regarding the leaf cherRistmadéndrospp. Thigelaes to the presence of
phoratoxin, ligatoxin and mistletoe [Sgitions1.8128.3).Larsson (2007¢portedhe presence of
phoratoxing P. quadrangulafthe consumed species). Flavonoids and phenylpropanoids have also be
identified (Sectionl1.8.4) as fraa@thocyanidif\éarelat al2004)

4.2 Phoradendrdweaf drying

4.2.1 Background

The drying method would need to be suitable for use with thsitknmiégsdusoes available for
processing and subsequent storage of leaf material. Thediddiai® precluded the use of any
electrically powered drying ovens. The method also needed to be easily followed by local field re
assistants. The method was required to provide rapid low temperature drying of the leaf to reduce dec
and pevent fungal or bacterial spoilage of the samples. It had to be sufficiently robust to cope with coi
during the rainy seasons when the relative humidity reaches >85% and temperatures in @& dry seasc
(Table 1.8). A literature search fopdap methods was undertaken. &halgd991jnvestigated the
use of silica gel in tropical field site conditions concluding that silica gels were an inexpensive and
material to preserve foalilected leaves for molecular studiestmfnvariBNA. This paper had more than

200 citations and it was therefore decided to trial the use of silica gel.

4.2.2 Method Development leaf drying

The European mistleddiscum alburns reported to contain the same classes of compounds as the
Phoradndronspp. (Blssing 200@nd so was used for method developmestily harvest&iscum
albumwas obtained from Tenbury MistletopriSet Teme, Gloucestershire.

The leaves were removed from the stems and checked for obvious sigasdielathage
weighed using an analytical balance (Mettler AE @88ng@p)yeen selfhdicating silica gel-DEMmM
granules (GeeJay Chemicals Ltd., Bedfordshire England) was added. Two commonly used contain
were trialled (Table 4.3).

Table 8 Drying conditions trialled
Container | Silica gel (g)
1 20ml glass jar with li 20
2 20ml glass jar with li 50
3 Unwaxed brown paper bag 21cm X 21cm No gel
4 Unwaxed brown paper bag 21cm X 21cm 20
5 Unwaxed brown paper bag 21cm X 21cm 50

*Commonly used for drying and storing plant samples.

The containers were placed in a thermostatically controlledGvexaatid3€d and weighed daily
and the silica gel replaced if there was any visible colour change. This was continuedveigihta consta
was achieved. The dried samples were then placed in airtight containers and stored in a cool dark cur

room temperature. Results are presented in Section 4.13.1.
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4.2.3 Transfer to Santa Rosa of drying protocol

The protocol using glassa@ners was adopted for use on site, based on theMtisaismvalbum
The materials necessary were shipped to the site and onsite a wooden box was constructed. It wa
possible to maintain a temperaturéCaf &8 within the box for the avbbthe collection period. This also
permitted storage of the leaf material in the dark thus reducing the posaitildgdotiétgrioration of
the samples.

During July 2007, 31 batches of leaf samples were collected by the author arsitprosiegsad on
sample to gel ratio of approx. 1:10. The samples were examined daily and silica gel replaced if it had
from orange to green. If there was no green colour after 4 days, the leaves were removed and weighec
silica gel replacetiiSTwas repeated whiiéd to a constant weigld achieved. Once this was reached the
dried leaf material was reweighed and transferred to Zip Lock Freezer bags (purchased locally) contai
silica gel, the bags rolled gently to remove aignskepladed in airtight storage boxes in the wooden box.
Results are presented in Section 4.13.2.

Samples were examined regularly, by the author, during 4 weeks at Santa Rosa and the sili
replaced if there was any change in colour. The sammespeeredtin the airtight containers to LIMU
and examined upon arrival. The samples were monitored regularly and the sample bags only opened
felt that silica gel needed to be replaced i.e. if there was any colour change. Leaf was ttiscarded du

project where it showed signs of colour change e.g. yellowing or blackening.

4.2.4 Selection éthoradendrbthost tree

Lisk of samples indicating hostrégelarly samplace presented in Table Zhe host trees were
identified byhe longterm research assistant Elvin Mirdlon who also undertook the subsequent
sampling and drying. In some cases, identification was a number and for others only a position within
system was available. The host tree selection includédanlgeglentified as sitePharadendron
consumption. A further two individual trees were identified for each of the three main hosts from wi
normal range of tAtelesin the ase of the ho3abebuia ochrac@D), samples were taken from tw
separate mistletoe infestations on a single tree. This was due to the height of the TO trees and sub
difficulties of access toRtheradendron

It was hoped to collegstietosamples monthly éot2monthperiodromLuehea speciogaS);

Marilkara chicleMC) andabebuia ochrac€e0) and occasional samples from a fourth tree used rarely
Guazuma ulmifaldU) however local circumstaifaesilability of staff and their worlpteadhted this

from being achieved. In additiorthéo month collectionsad hocsamples were taken where the
Phoradendraatenwvas accesséfor samplingiss of samples indicating host tree are presented in Table
4.5. The following sample numbers were host leaf; 112, 118,124,126 and 128. Sa®p)esl849dl 90, 1

evidence of fungal growth and were discarded.
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Table 4.4 Collection Date, Host tree and Sample Identification number

Phoradendronollected from Host Tree

Date MC 1 MC 21 MC76 | LS75|LS20|LS49 | TO50 GU 77 | Ad hoc
13.02.07 101 103 106 105 108

20.03.07 110

19.04.04 117 120 111

12.05.07 125 127 119

12.06.07 123

18.06.07 130

21.07.07 132 133 139 131

28.07.07 135 134 138 136 137 140
07.08.07 144/145

14.08.07 147 146 148 142 143 | 141

20.09.07 155 156 157 158 159 160 161 162

22.10.07 165 166 167 168 169 170 171 172

18.11.07 178 179 180 181 182 183 184 185

28.11.07 186

08.01.08 191 189

09.01.08 192
28.02.08 195 194 196 197
26.03.08 198 199 200

27.04.08 | 201 202 203 204 205

30.05.08 207 208 209

02.07.08 | 210 211 212 213 214

22.09.08 | 221

23.09.08 | 222

06.10.08 | 223 226

16.10.08 | 225

Table 4.8d hocollections of eatehoradendra@amples, Collection Date, Host tree and Sample Identification

Tree Identifier

Date MC|MC|MC | MC | MCQ | MC MC | MC | MC | MC GU |LS |LS |LS
2 4 5 9 Trail | CM Wpt | Wpt | Q Junct. | Aad | CM | Wp4| CM
WP6 | WP6 | 3 2 trail | T&M wWpt Wpt

BH | trails 6 5
115

15.04.07 116 113

16.04.07 114

06.06.07 121 122

15.06.07 129

29.08.07 150

05.09.07 151

06.09.07 153| 152

19.09.04 154

24.09.07 163 164

16.10.07

25.10.07 173

08.11.07 175 174

13.11.07 176

15.11.07 177

28.11.01 1& 186 | 187 188

28.05.0§4 215]| 216 206

28.08.0¢ 217

11.09.0¢ 219

17.09.08 220

02.10.08 224

122



4.3 Method Developmipteparation of digests

4.3.1 Digestion

The presence of any phoratoxin (a tbiolgcfins in the samples would contribute to any possible
biological activity (Sections 1B23). In order to determine if either would potentially be present in tt
gastric digests a literature review of extraction protocols was undertaken.

Thioms were first extracted and described adifiitboimplexéBallset al1940) Subsequently it
was reported that thionins themselves are insoluble in the majority of organic <olresttet@harcia
1989, Bohlmam al.1991, Floraak al.1994, Garci@lmedo 1999). Aqueous acetic acid extraction of
mistletoes was the reported standard method for detection and isolation of (Satiatessoxirko61,
Samuelssoet al.1967, Samuelssenal. 1970b, Mellstraatial.1973, Samuelsson 1973, Thuebeitg
1977, 1982, Samuelssbal.1997) A revised improved extraction protocol for thionins was developed whi
resulted in a concentrated extract free of large polysaccharides, polyphenols, enzymes axidsother large
(Claesoret al.1998). This required multiple steps and large sample sizes. It was subsequently refine
several other authors (Broustadis2001, Tonevitsky al.2001, Tabiaset al.2002). Larsson (2007),
usingViscum albusimplified thie a two stage process: acetic acid extraction followed by polyamide (P.
filtration tharoduced a high yield of viscotoxin. PA has a strong affinity for tannins at acidic pH. This n
produced extracts which were still rich in compounds bieinthé® Larsson personal communication).

Initial method developnientHPLC and UV analyses in thiswsasdyndertaken using gastric

extracts of the European mistiégmeim albupmepared under simulated gastric conditions (Section 2.3.5).

Methd

DriedViscum albufeaf was examined to eliminate any with signs of deterioration or insect dama
leaves were cut into small slices and 500mg+10mg of cut leaf was added to a 15ml conical polypr:
centrifuge tube. 2ml of warmé@)(87 freshlyrgpared simulated saliva media was added to the leaf and
allowed to stand for 3 mins then 6ml of warmed simulated gastric media was added ZSe6)ions 2.3.2
The tubes were capped, placed on an orbital mixer in an in€Gbfao@N3Ns. Trergple tubes were
removed and placed in a refrigerator to cool and permit sedimentation of particles. The digest was cer
3,000rpm for 5 mins (SigdR), the supernatant collected and filtered through 0.45 pum nylon filte
(Whatmann) and dividea 8x 25@I aliquot$l.5ml microcentrifuge tyldesl was placed in amber
chromatography d@atl the remainirapprox1.5ml placed in amber glass vithe samplasere then

placed in8OC freezer for&hours befolgophilizing overnight.

4.3.2 HPLC method development

Following literature reviews relating to mistletoe analyses and information provided by Dr. G. Kite
Botanical Gardens, Katjal HPL@radients using variable proportions of acetonitrile/water/acetic aci
mobile plses, flow rates and temperatures were triallebromtetograms of ttigestswere poorly
resolved (resolution is a measure of the separation of compomndsplestitjerent conditions and
required run times >h2i0.Hydrolysable tannins (Wign analysed usiRiPHPLC usually appear as

poorly resolved hungpluelleHarvey 2001 he isomeric forms of condensed taDfjita\esimilar
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polaritieand consequently hawerlapping retention tise®lute as a poorly resolved hump with RP
HPLCCTs ardiest separated by normal phase {#ebGfielét al.2001, Romast al.2006) Ghost

peaks (peaks caused by incomplete elution during prior runs) were found to occur in subse
chromatograms. $heoccurredandomly during both coluquilileration ruremd sample runBhese

peaks increased over timenamelinpredictable in retentiontiadehe potgal to mask peaks of interest.

It became apparent during method development that it was not possible to perform HPLC analysi
proposed gastric media digests due to the organic content (mucin, pepsin and amylase). Ever
centrifugation, the solutions were viscous and could not easily be filtered. Injection of centrifuged but
digests caused blocking of the guardh doldess than 10 analysis runs leading to increased pump
pressures. This was not resolved by increasing the centrifugation speed or duration. Additionally the 1
high concentrations of i nor ganithe HBLE pbumpg and HPLE h e
column, and the UV signal from residual organic content overwhelmed detection of the sample signal.

Phoratoxin had successfully been extracted using aqueous acidic conditions, as stated prev
Digests were preparedis€tum Bumin 0.2M acetic acid and water adjusted to pH2 with HCI. The two type
of mistletoe digests were then analysed using the previously trialled HPLC acetonitrile/water ¢
conditions. This resolved the issues with pump pressure, blockingafttidggsasignal strength from
the samples but did not significantly improve the resolution and the results were ndheeproducibl
previously prepardalbundigestaverelightbrown coloured when produced and became dddss after
than 6 houut of the freezar whilst in the chromatography vials sté@draisddarkenirtgought to
be due to oxidation of polyphenol compoundsnargdentesponsible for the lack of reprodHdibility.
aqueous acidic conditions oxidise to pranucecdliour ar@T polymerise producing red/brown colours
(MuelleHarvey 2001)

All heseproblem resulted in the decision to digest the mistletoe leaves omitting both organic &
electrolyte content. There was no detectible difference in the UNRip@atreamatograms between the
acetic acid and pH2 aqueous digests. It was decided to use deionised water adjusted to pH2 with HCI,
to 37C for the incubation media, this achieved a similar pH to that of the stomach. The chromato
remained cqotex and poorly resolved.

A standard procedure for analysis of complex plant isateriedsn up thiigestdbefore HPLC
analysisising Solid Phase Extraction tech(\idintset al.1984, Lorimet al.1996, Claesat al.1998,

Collin®t al.198). HPLC analysis using this two stage method which inGk&edi&Aified phoratoxins

as being presenfinquadrangulgtearsson 20Qhe mistletoe species eaten at Santa Rosa

4.3.3 Solid Phase Extraction (SREEthod development

Polyamideesin (PA) issed to adsorb polar compounds (containing-@idI#sdCOOH groups)
from aqueous or metharsslutionsPolyamides an effective tannin remokar; typetanninsare
irreversibly adsorbeawevenontanning< 3 phenolic OH groups) easily elutgiiVallet al.1969)
Polyamide Solid Phase ExtractieBRP)as been used by previous researchers totaemiogeom
mistletoe extra¢@amuelssat al1967, Mellstraptial 1973, Mellstrand 1974, Celliak1998, Larsson
2007) Elution is typically with water followed by 50% methanol and then 100% methanol. The me
washing elutes polyphenols wit®I2 groups i.e. most flavoiiCiolinset al.1998, Hostettmaenal.
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1998) Removal of tannins has however beentgl@iminate certain types of enzyme inhibitory activity
associated with plant ext(@¢gdet al1996)

Method

Work was undertaken to produce a standardised methog theleamples, using Chromabond®
50mg PA (polyamide) cartridges andgiffeleCsolvents. The following is an example of the preliminary
procedure:

Step k The PA cartridge was conditioned with 1ml deionised water. The water was added and al
to drip through until it was just above the top frit, (Figure 4.2).

Step 2Previasly freezdried digest (approx. 6.ml) was reconstituted with 3ml of water, added to t
conditioned cartridge and the liquid allowed to flow down the cartridge. A yellow front was observed r
down the column. Elution was stopped once thernyeikaclied the bottom frit, the collected eluent was
analysed by UV, ferric chloride test, gelatine test and examination of the fluorescence of sample spots
3ml quantities of water were added and fractions collected until the eluentelimano longer

Step 3 Methanol: water 50:50 was then added to the column. The collection was resumed until tl
of the liquid layer was level with the top frit; the eluent was then tested as previously described. This \
repeated several times, ¢wifgseveral fractions.

Step 4 Once the UV of the eluent decreased substantially 100% methanol was introduced an

fractions collected and tested as previously; collections stopped once no UV spectrum was obtained.

condition add extract solvent 1 solvent 2

top frit

™ bottom frit

Tap attache/ ﬂ 1

Figure 4.2 SPE typical procedure for sample clean up and fractionation (modified from Chromabond® prodt
information)

Thedigestdiltered extremely slowly and the polyamide in the cartridge became dark brown and bl
relatively quicklyc#lourleseluate was obtained whidhwed only limited improved stability when stored at
4°C; however the eluate was more stable after lyophilisation. PA 500mg cartridges with greater capac
obtained. Information from the manufacturer indicated ibanitceasary to et the PA when using
agueous solutions provided it was allowed to drip through slowly, < 1ml/min. Use of these improved
rates and reduced subsequent browning, suggesting an improved removal of phenolic/tanain compou
SPE process was applied t@bhdebdendratigests.

Final procedure

4ml freshly prepared digest was added to a 500mg PA SPE cartridge and the liquid allowed
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through, until the solvent front reached the top frit. The eluent wasreolieicieediramber containers

and measured (F1). 4ml MeOH added to column and allowed to elute, collected and weighed (F2). Tw
2ml volumes of MeOH added (F3) and (F4) were collected. 10ul original solution and of each fracti
analysed by UV spescopy, ferric chloride and gelatine tests were also performed. The fractions were
tested againBacillusubtilimndStaphylococcasireussection 4.6. Results are presented in Section 4.13.3
and 4.13.4.

4.3.4.HPLC Instrument and conditions

Colums:
Optimal ODIS 25cm x 4.6 cm, 5um particle size. (Capital HPLC Ltd, Broxburn, West Lothian, Scot

UK.EH525NN). Optimal @Disas a slightly lower carbon loading (15%) than other C18 columns and
useful for the analysis of a wide range of hydrophilic compounds which are normally not retained by o
based packing material. It can also be ud€@%itater and at low pH conditions.

AgilenZorbaxS B C 1 &oluti. THis column is suitable for separation of peptides around 5000l

and for use in aqueous, low pH conditions.

HPLC Instrument:

Agilent 1100 Series HPLC, connected to UV Detector. Chromatograms were obtained usir
detection at wavelengths: 254, 280, 325 and 350nm. These can then be used to identify similarit

differences in chromatograms of the leaf samples.

Solvents aridobile Phases

Acetonitrile (ACN) 99.8%, for HPLC gradient analysis, glacial acetic acidObRiiadradm
Fisher Scientific) Hi gh purity 18q deionised water. Al
and degassed with helamd, maintained in amber containers.

Several different ACN/water gradient conditions were trialled and the results for both acetic acid &
water digests were compared. An A0 acetic acid, HPLC gradient of 5 to 958nAdvAr0
min.with al0 min hold at 95% A& found to have the better resolution of th&@resksamples of
SPE treateBhoradendrogigests from each host tree were then analysed under these conditions. T
chromatograms of the mistletoe from host trees LS andefOessweell resolved than those from MC or
theViscum alburithePhoradendrarthromatograms showed little similarities to those albtimand
there werebvious differences betweeRtlibeadendrapecies.

At this time there were several probtmidsvide in production and availability of acetonitrile (ACN)
which made it impossible to continue use of ACN for further work. There Whsriadaffdrieample
material available to permit further extensive method development usiivg twvaliemeethanol and
therefore the developed gradient was modified using standard equal solvent strength substitution prc
form methanol (MeOH) in place of acetonitril§ T@INY.7, p 426 in Snydeaal.2002) It was not
possible usingeOH:kD to resolve or identify the potential thionin peptide peaks using the Zorbax colu

There were many potential compounds with absorbance at 280nm remaining in the samples.

126



4.4. EDXRF analysisRiforadendrdeafmineral content

4.4.1 Introduction

Nondestructive methods of assessing the health of crops and other vegetation are used in agri
and in ecological assessifMatguét al.2009) XRF has been used for many years to determine nutritional
status and mineral tissue distrib(8waget al.2012)and detect mineral deficielfisiean 1970, Miah
al. 1999) The analysis of medicinal plants using Energy DidRaysiMer¥scence (EDXRF) has been
used by many researchers incl{Majgket al.1995, Ekinet al.2004, Quetat al.2005, Behert al.

2010) As a technique it is suitable for elements with atomic N@ukeaietldl 2005And is suitable for

small samples as it avoids the complex acid digestion techniques required by other techniques s
Inductivgl Coupled Plasma Atomic Emission Spectrometry (ICPAES) and Atomic Absorption Spectr
(AAS). It is suitable for determinations in the rangg/giX{iRF methedhaveshow high levels of
reproducibility when compared against both ICPAES anidAAS degermination of K, Ca, Mn, Fe, Cu,
ZninAnisum vulgatauorice ro@lycyrrhiza glabemdAtemisia hertaba(Khudeet al2009)

The main advantages of EDXRF include:

i) the possibility of performing analysis directly on solid samples
i) mulielement capability
iii) the possibility of performing qualitativquaatitative and quantitative determinations

iv) relative speed and it isaestructive

V) guantitative analysis in the absence of suitable reference standard

4.4.2 Instrument af@bnditions

Analyses were performed using a Shimadzu E&X&206 lists the conditions and settings used. Both of
the availabkcan rangesere utilised i.e-:U'iand N&c. These ranges coverthments in the periodic

tablewith atomic numbekl>capable of beamplysd usingEDXRF

Table 4.6 Shimadzu EDX720 Conditions and setting
Collimator 10mm
Count time/elemer| 400 sec.
Scan Range TrU
NaSc
Sample holder Universal 31mm open ended cups with Prolene® 4 fili
Condition vacuum

4.4.3 Sample Preparation

Leaf material was selected such that it was as flat as possible and had no visible aree
damage/discolouration. Leaf material was cut into suitably sized pieces to cover the majority of the sur
area. The dimgions and mass of each sample was recorded. Multiple layers of leaf were placed in the
in order to produce a vegetal layer in the optimal range 02 rangg/€AgViarguét al2009) Layers of
intermediate thickness are used because uesenaialues of the mass attenuation coefficients have less
effect on the analysis results, the sensitivity is improv&defemients, and secondary enhancement

effects are less significant (Shimadzu EDX 720 Manual).
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4.4.4 Quantitative Analysis

Quatification was performed utilising the Shimadzu FP Fundamental Parameter method available
software. -y intensity is measured and quantitative analysis is performed using a theoretical calcu
This method is best suited to quantitativis aviadye no Reference Standard is avdilahlehénnes
HesperShimadzu Technical Assistance, personal communication). The FP method of quantification he
used in plant analysis by several datiNasMg, Si, Al, P, Ca, [@Qrooteet al1995. Mn, Fe, Cu, Zn, Br,

Rb, Sr, Zr, Pb, Na, Mg, Al, Si, P(AjEset al.2002)Na, Mg, Al, Si, F, S, K, Ca, TEMIGu, Zn, As,
Rb, Sr, and RFQueralket al2005) Stephenst al.(2004)eported good comparisons with certified reference
standards of plant materials for 30 elements, however with light elements e.g. Mg and Al there we

analytical errorsinthelddmg/ kg r anges. Results fond4d®l ement s

4.5 Phytochemicahalysis ¢thoradendralgests

4.5.1 PotentidPhoradendrguinytochemical classes

The tests undertaken were determined by the known classes of phytochemicals present in the Vic
(Sections 1.8128.6) and which are pidéysolubléntheaqueoupH conditionsf the simulated gastric
digestioprocessThe constraints imposed by sample collection size limited the investigation to distingui
between the eaten and-@sirnPhoradendrapecies in the classes tlatwletected in digests under

06si mulated gastricb6b conditions.

4.5.1.1 Thionins

The presence of a phoratoxin (a thionin toxin) had previously beenPregoa@rgulare
(Larsson 2007MpriedPhoradendrasamples from Santa Rosa, collected during 2006, had been analyset
(HPL@VIS) at Royal Botanic Gardens, Kew on behalf of Professor Aureli (Appendix 1.7, Table 2.1). Th

ions identified relating to phoratoxin, are listed in Table 4.7.

Table 4.7 Phoraixinm/z ions identifi&l <€ 1000 chromatography peak are@ihits1000 peak area
units). Data supplied by Dr. G Kite, RBG/F. Aureli.
Host Tree
Phoratoxin m/ziofl MC | LS| TO| GU
1607 PP |P P
1593 PP | P
1603 P
1610 PP
1561 PP

The method used by Larsson (2007) to detect phoratoxin required > 4g/extraction and whilst it
HPLC resolution there were no certified standards available to aid identification. Nor would it provide :
material for identification of iralitidanins present using fractionation and the required stdsaguent
degradation andyfsin enzymatic digestion; eedtrospray ionization tandem mass spectrometry
sequencing. Larsson personal communication).

Nocharacteristic phoratoximions were detected for the two samples from host tree TO but both he

been dried in an oven without temperature control. A mixture of oven drying and blue/pink silica gel h
128



used for the drying methods with silica gel for the samples fronC l{psiotrée thie involvement of the
author). Therefore, the absence of phoratoxin cannot be assumed. It may be due to sample size and/
conditions. Lectins were not analysed at this time.

All chemical structures following were drawn using ChvdiBzoI3®

45.1.2 Lectins

Lectin extraction methods range from water, TRISS bHarkgH#l2999, Oliveist al.2008)
sodium chloride solufidomaet al.1993) phosphate buff&utheet al.1980, Leet al.1999, Pfiiller
2000)and 2thM acetic ac{iPeumansgt al.1996) The iselectric points for mistletoe lediingalry
between pH5789(Pfiller 200@nd will therefore be soluble in acidic aqueous conditions.

45.1.3 Alkaloids

Typical alkaloids found in plants contain one or more nitrogen atoms, usually in a heterocycl
(Figure 4.348) and are basic. Alkaloid freebases are usually sparingly soluble in water and alkaloid sal

readily soluble in water. Howeverrtbisaigvays the case as the freebase caffeine is readily soluble in watt

(Evans 2009&lkaloids commonly have significant physiological effects.

Figure 4.3 Structures (a) quinin®) berberine (c) ephedrine -¢d) rubrine

The true alkaloids have not been reponistiatoes)owever two amig&aloids have been reported by
(Ameet al.2012) It is unlikely that any alkalemldd be derived from the host trees (Section 1.8.5). The
name -Dlpkaltooi dbkaltoidbddi ne someti mes applied to
structure ¢) and colchicine which lack one or more of the properties of the tda|ieaikadatisaloids

the nitrogen is not part of the heterocyclic ring and these compounds are hamed for the amino acid frc
they are derived (Evans 2009). RGhaimalkaloid like compound (Figure 4.3 structure d) has been reporte
inP.rubrumgrowing on a magnolia spédfeset al.1967)

4.5.1.4 Phenolic compounds

The solubility of phenolic compounds is determinggh®ypkiemols are present and how they are
incorporated into the plant structure, e.g. coampleddturrence within the plant as well as the polarity of
the solvents used (Btaal 2010). Plant materials may contain phenolics varying from simple phenc
phenolic acids and anthocyanins to highly polymerized substances e.g. tannigscalantitidgferin
Phenolics may also be combined with organic acids, sugars, amino compounds, lipids, structural con
and other phenolic compound£{RE&11980).

Simple phenols are rare in plants but phenolic acids are universally distitduRtemoligla
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compounds may polymerise into diphenols and both HT and CT.

O, OH

(¢] OH O, OH O, OH
OH
OH OH OH
OH OH
OH
a)hydroxybenzoic acid b) protocatechuic acid c¢) genisic acid d) gallic acid

Figure 4.4 Structures of common phenolg; acid

The following phenolic acids are universal in the angidsmiForgbenzoic, vanillicngigriand
protocatechuic acids @&edl.1980) and the following (Figure-dydly@xybenzoic, protocatechuic, gentisic
and gallic acids have been identified in m{ietsetsal2012)

4.5.1.5 Phenylpropanoids (PP)

Phenylpropanoids comprise three distinct groups: the hydroxycinnamic acid derivatives (HC/
coumarins and the chromg@ieshinet al.1989) The most widely distributed HCAcatenaric, caffeic
ferulic and sinapic acids. PP are universas ianglame the precursor for many other molecules. The most
common PP example found in higher plants is caffeic acid. It is usually present as chlorogenic acid f
the depside (an edtmmed from two or more phenol carboxylic acid hniécodesther combined
forms e.g. the methylated ferulic and sinapic acids are alsoetald®§BElThese acids are commonly
found in combinations with organic acids, sugars, amino compound which have increased solubility in
conditions (Betlal. 1980).

@‘\% TN N

MeO

p-hydroxginnamic acid caffeic and ferulic acids sinapic acid
R=H caffeic acid
R= CHlferulic acid

Figure 4.5 Examples of phenylpropanoid structures
0 0
HO e}
(a) OH HaC” OH
o
HO o3 HO
N X X o oH

I _0 (b)

4 OH H3C
Hoo NF

Figure 4.6 Structure of (a) chlorogeritt3&(3,4dihydroxycinnamoyl)quinic acid
(b) syringic acBi5Dimethoxg-hydroxybenzoic acid

Caffeic, syringic, ferulic, sinapic and chlorogenic acids, have all been identifiéBanassshete@ds
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1998, Deliorman al.1999, Deliorma al.2000, Vicast al.2012) (Figures 446).PPs have a wide
range of functions in the plants from anti fungal/antibacterial inhibition of plant growth and seed ger
(Ibrahinet al1989)

45.1.6 Havonoids

Havonoids apolyphenolic secondary metabolitesdisgehged throughbigherplans, the most
widespread being the anthocyanins, flavones and flavanads. {8&0l). Anthocyanins comprise the
watessoluble plant pigments ranging from brightporangetblue. Flavonols and flavones are
synthesized in plant tissues from phenylpiaeauosdrd.he major flavonol aglycones fopiashisare
quercetin, myricetin, kaempferol and isorhdaogetkiar with tfl@vones, apigenin and lutééigure
4.7).

Havonols and flavones are found conjugated to sugarsglpdosailyhamnose and rutinose
(Markham 1989)he flavones identifieBhoradendrancludeapigenin and lutep{iDossajet al.1983,
Vareleet al.2004)as C6 and 89l y ¢ o s y anfl i the Argeatinian mistletgagia cuneifoBaD-
glycosylated quercetias isolated (Wageéeral.1998). The flavan@akuraneti(Figure 4.8) has been

isolated from Mexican mistietebinson{RivereCruzet al2005)

\OGIy

b OH
HO
ﬁOH
3

(0]
OH O

Figure 4.7 Flavones a) apigenin RZ WT(ihydroxyflavgne b) quercetin@glyoside
luteolinR= OHY,7,3",4Tetrahydroxyflavpne

OH

H,CO

OH O

Figure 4.8 Structureakuranetifraringenin-ihethyl etlipd’,5dihydroxy-methoxyflavangne

45.1.7 Tannins

Tannins are oligomers with MW ranging f2@0600with frgghenolic OH groupdith the
exception of some of the largest molecules, tawaites acduble and have the ability to bind to proteins.
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Figure 4.9 St r u €pR,8.4,5pentagallop-D-glucose (PGG), hydrolysable tannin

Two classes, the hydrolysable tanf)ren@Hcondensed tannins (CT) are recognised in higher plants
The simplest HT usuatigsists of a centlaglucose congith at least 3 of the OH groups esterified with
phenolic groups e.g. gallic acid (gallotannins) or ellagic acid (ellagistrunins)e, TRigure 4.9, is of a
gal | o,33dm5pentagaiopdDglucose (PGG). PGG can exist in many isomeric forms however thi
means that structural dependent properties including ease of hydrolysis and precipitation of proteins
vaiable(Hagerman 200B)T are considered potentially toxic when consumed in large quantities whereas
may have beneficial eff@dtaghorn 2008 roanthocyanidins or condensed tannins (@khsicroxy
flavar3-ol oligomerélavonol subunits Figuld®, linked bybonds (Figure 4.11). CT are one of the most
abundant plant polyphengiasmanat al2013).

Figure 4.10 Example of the-cisentation repeating umibimdensed tannins (CIm&y be @alloyl grouping

The combinations of groups ahdR R are responsible for the different classes of CT, all of which
respond differently to screening reégentdieldt al.2001) The stereochemistry of CT maither cis
or trans depending on the orientation of the functional group locatadd€thgo€itions relative to the
C ring (Figure 4.10xondensed tannin monomer exlibiting cis stereochemistry are prefixed
(Naumanet al2013)
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OH

Figure 4.11 Example of a condensed tannin, where R=H or OH structure is a procyanidin, n = replicate struc

The cis (epi) stereochemistry exists more commonly than th@tooktrah4980) The 3
deoxyanthocyanidipigeninidifirigure 4.12) has been isolatedPfriigaVarelat al2004)

Figure 4.12 Structurapigeninidin chlorideNj;tribydr@dxyflavylium chlgride

4.6. Summary of AnalysiRlobradendraligests

Figure 4.13 provides the proposed schematic of the analyses to be undertaken, following th
destructive EDXRF analysis and determimatiiom adntent. Thrsabledhe maximum number of tests

beperformed on each individual sample, whilst providing comparative information.
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Leaf sample examined, damaged or detariatated removed,

stems removed. Sample weighed, leaf cut into small pie \
/ Y

vET

Sample approx. 500mg, subjecteq Sample approx. 500mg, subjected Sample approx. 500mg, subjectéigetstionvith geophag
digedbn, centrifuged, filter@@lour noted digedbn centrifuged, filteredlour noted sample, centrifuged, filtered, (3 where sufficient materi
V7 v N
supernatant supernatant supernatant
Saponin test
Alkaloiddragendorff'
reagent Ferric chloride test|
Gelatine test
Alkaloidl :
Mayeros uv mducelé!luor_escence LGMS
examination Ana]ysis
UV screening Polyamide SPE
Flavonoid test sample clean,up
Flavonoid tests supernatant,
colour noted
- \
Lectin content HPLC Analysi
)

/

Microbiology testing

SPE and HPLC method
development

Figuret.13 Schematic of digest analyses undertaken
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4.6.1 Mistletoe lectin activity

The presence of lectifBhioradendrapp. has been reportedEndcet al.1988, Endet al.1989,

Varelaet al.2004)V. albuntectins are glycoproteins with molecular mass approx. 60,000, composed of
sub units 34,500 and 29,000 connectedsbiptaidsi bondkutheet al.1980) Three mistletoe lectins

(MLI, MLII and ML) with differing sugar specificities have been isolated and characterised togethe
chitin binding lecfifranzet al.1981, Franz 1986, leteal. 1999, Franet al.2004) Mistletoe lectin
extraction and purification from\i66gm albuniried leaf produced total lectin yields MLI 99mg; MLII
18mg; and MLIII 45ikifleret al. 1993) The amounts &horadendromaterial available made it
impracticable to attempt identification of the specific types of lectin present or individual concent
However as these peptides are highly toxic, differential toxicity to mouse BD (brain derived) cells, M
2.8ng/mand MLII and Il at B30 + 20.3ng/iiiflelet al.1993)it was felt necessary to attempt to confirm
presence in the samples.

The sugar specificities areiMjalactose {@al), MLH UN-acetyD-galactosamine (GalNAc) and
MLII both galactosa al -N-ddetyD-galactosamine. All three lectin types bind to the sugar groups on th
surface of human erythrocytes (rbc) -NacatyDsi ng
galactosamine (GalNAc) agglutinate human group A cellgatiwh aggret inhibited ipaldctose {d
Gal) only by (GalNAc). Lectins which are speeffalaftioge cause agglutination of human group B
erythrocytes and a dgoetgDpaldctosamine ondy bpét)Franetmli98h) i t e d

46.1.2 Agglutination Asddgthod

White Wistar rat erythrocytes were selected for use as rats share human blood groups A «
determinant typ@&set al1979) Rat erythrocytes show lectin agglutination which is inlgalseddsed
a n eN-adatylD-galactosamiraliet al2004)

Fresh whole blood harvested from White Wistar rat heart was suspended in a solution of 1mg
EDTA (PotassitEDTA), 1ml of whole blood suspension was removed and diluted with 1ml phosp
buffered saline (PBBJ aentrifuged at 2500 rpm/1000g in a Thermo Cri3 cef@rifogb atidutes. The
supernatant was removed and discarded, fresh PBS was added and the peifgegdetlythen
centrifuged again. This process was repeated two furtherhagragentidtant was clear. The weight of
the pellet was then determined and sufficient PBS added to produce a 1% whodiisokfision
assay in Magnussen al.1995) Following trials witilscum albunie erythrocyte concentration was
reduced to.B6%w/w and the amount of leaf digested was increased to 1.00 g = 20mg. After filtration, 6r
freezalried to concentrate. The fréged digests were reconstituted with1.5ml freshly prepared PBS, an
added to a 96 06UO0 thelsehedales (TaldeldB). pl at e according

Table 4.8 Well plate schedulddotiragglutination testing
Positive control Negative Control Sample
1 2 3 4 5 6 7 8 9
planigest| 50ul | 50ul | 50ul 50ul | 50ul | 50pl
PBS 50ul | 50ul | 50ul | 50ul | 50ul | 50l
rbc in PBS 50ul | 50ul | 50ul| 50ul| 50ul | 50ul

A lid was placed over the tray and the samples were examined at 30 min, 60 mins and 90 mins with the
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light box. In order to limit the number of animals used only a small sample of digests were tested
included leaf from host trees, TOdUB@Niscum albuand twdPhoradendraamples from the three

host trees. Two replicates were performed. Results are presented in Section 4.15.2

4.6.1.3 Inhibition afgglutination

Minimum Inhibitory Concentrations (MIC) of sugars for mistketoe pectecvasl32 € M/ ml
et al1981) for a standardised lectin activity pref@@tori/ mi s-0 & u a ¢-Hacastydo f
galactosamine (GalNAahadnose in PBS were prepared and 50ul added iwethel&8@ as per
schedule(finalamc ent r at i on 30plofdleods Jeaf digestPB&Takieh®p he plates
wereagitated to mix and left to incubate for {Haotiiied from Magnus=oa.1995) Freshly prepared

(Fr
U d

rat ed bloodcells, prepared as previously detaittidrSé.6.1.@ere then added to the plates and the
plates incubated for 90 mins as beforplaidswere examined at 30, 60 and 90 Regslts are

presented in Section 4.15.3.

Table 4.9 Well plate schedule for inhibitiectiohgglutination

Control Sample

1 2 3 4 5 6 7 8 9 10 |11 |12
plandigest 50pl | 50ul| 50pl| 50ul| 50ul| 50ul
d-galactose in P 50pl| 50yl 50pl| 50ul
GalNAc in PBS 50ul | 50ul 50ul | 50ul
D-mannose in PB 50ul| 50pl 50ul| 50ul
PBS 50pl| 50ul| 50ul| 50ul| 50ul| 50ul
rbc in PBS 50pl| 50ul| 50ul| 50pl| 50ul| 50ul| 50ul| 50ul| 50ul| 50ul| 50ul| 50ul

4.6.2.Screening for presence of the remaining classes of PSM

Reagents or constituents used in preparing the reagents were analytical standard and were pur
from SigmaAldrich UK or Fisher Scientific UK.

4.6.2.1 Alkaloids

A common method to isolate and identify alkaloids involves moistening powdated theerfi with
mixing with lime releasing any alkaloid salts then extracting with organic solvents, followed by partitiol
acidified water. This results in any alkaloids present in the plants being in the agueous phase. Alternat
is extractedith acidified®lalcohol, shaking the agueous phase with chloroform/organic solvent followec
the precipitation of free alkaloids with sodium bicarbonate diEeamadz@®alRoutine screening
methods include the precipitation of alkaloidsuftom ad or slightly acid
Wagner 6s reagent and Dragendorffoés reagent.
extractgCoeet al1996, Deent al2002, Makkat al2007, Evans 2009a, Faeioé2009)

May e r 6 dviayErss seagdimercuripotassium lodide TS US Pharmacopeia) was prepared as follows:

Solution Al.358g mercuric chloride was dissolved in 60ml distilled water; Rplotitasdsum
iodide was dissolved in 10ml distilled wateB Aoartibns were mixed and diluted to 100ml with distilled
water.
Reaction: Alkaloid +fHgl] Y [AlkaloiH+][HgtZ ( ofysalf Hg |
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Method

500¢ |l of freshly prepar ed-mirotest tebe andl a few draps of d
reagnt added. The tube was shaken to mix. A positive regpppsestnce of alkal@dbhe formation

of a creamy white precipitate.

Dragendorff's Te&iragendorff's reag€btS Pharmacopeia) was prepared as follows:

Solution A850mg bismuth suitrate was dissolved in 40ml distilled water and 10ml glacial acetic ac
added. Solutioni Bg potassium iodide was dissolved in 20ml distilled water. A stock solution was preg
by mixing 20ml solution A and B. The stock solution was stored liotle.aRdagent was prepared by

mixing 10ml stock solution, 20ml glacial acetic acid diluting distilled water to 100ml.
Reaction: Alkaloid + BW  ( a | *k(Bikl) 0 i d

Method

500¢ of freshly prepar ed-mtrotesttebe and a fancdropsot d
reagent added. The tube was shaken to mix. A positive response is the formati qfracigitateye
The colour may vary from red/black to pink and purple with differerfColesitaj@99€)

4.6.2.2 Sapmins

Following filtration the aqueous digests were shaken in centrifuge tubes and the formation of a foz
which persisted more than 10 min(Harbdrne 1998b)

4.6.2.3 Phenolic compounds
4.6.2.3.1 Gelatine precipitation test

This screening test detects the presence of tannins using the irreversible formation of a precipite
to formation of covalent bonds between the gelatine and theBpharalet al.2012) The ability
of proteins to bind polyphenols dieparprotein size and amino acid composition. The proteins which mo
readily bind to tannins are relatively basic, large, hydrophobic with high teliBsooeitat al.
2012) Mistletoe thionins and lectins are hydrophilic, tightlpttEkdvipe relatively few proline residues
(Soleet al 1996, Solat al.1998, Johanssehal2003) therfore unlikely to contribute to precipitation
Gelatine precipitation is greater for hydrolysable tannins than condéS8sbadftalatins2001)
Proanthocyanidin/protein binding interactions are due to hydrogen bonding between the carbonyl fu
group of the proline residues and both the phenol and catechol OH of the cotidegsadaanain
1981) Protein precipitation irsggawith molecular weight, degree of polymerisation and increases wi
increased hydroxylation of CT e.g. the number of galloyl groups. It is also influenced by stereochemi
interflavanic linkage and the degree of aqueous ($tdgkility 2007, Bourvelleet al.2012) The
method of Thomesk al.(1923which is still widely used for screening of tannin content, was adapted

account for the small sample sizes.
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Method

1g Granular Gelatine for Laboratory Use (Fisher Scientific), 10grNmadg/Axisher Scientific)
was dissolved in 100ml of sterile water. This was then divided into 5ml samples, and%utdtiaved at 10
preferred proportions for the test are gelatine:tannin 1:2. It was not possible to use these proportions d
unknown nature of the leaf tannin content. Several trials were undertaken and the following gave r
results: 500ul gelatine solution was placed in a clear glass bottle and 200ul of the reetrsttuted free:

digest added, the bottles were atiowthd for 15 mins and then the results recorded.

4.6.2.3.2 Ferric chloride Test

This is a traditional colorimetric test for phenolic cqivespeidal. 1934, Solowayt al.1952)
The equation describes the reaction: 3ArOH + Fe F e 43/ )

The optimal pH for flavonoid/metal ion complex formation, although strongly dependent on the f
of the metal ion, is around pH 6. Complex formation at pH < 3.0 is difficult because the flavono
predominantly present in the undissociatedfer | e¢ a8§2007) Solvent and pH may also determine the
met al compl exdbi ¢ B 480 ringReretal2@G0 Figure 4.103 6

A transient or permanent coloration indicates the presence of a phenol or enol (an unsat
compound with an OH group attached to one of the C atoms)stostewstenols give a red, blue,
purple or green colour. The reagent gives a bluélcplragallol groups and a green colour with catechol
groups, therefore hydrolysable tannins produce a blue colour and condensed-taownsa@reen
a digest the variable proportions of individual constituents will impact uponatienoelguwfara both

types of tannin are present the initial colour may be blue which then changd& t@aakOg@iBn

n+
oM
Z
7,
7,
2
Z

3'\4' /O

/ °
A ‘ c |

\ 3
R
O \O/I””” >

Figure 4.14 Potential phenolinding sites for trace metals

Optimum metainding occuvghere structures contain hy#edgygroup (aCH or £)H plus a-@ = O)
(Pietta 2000Figure 44, and a large number of catechol/gallol groups &labRBAAB) producing an

increased depth of colour

Method

Ferric chloride reagent, (Fetadady Feg€$olution, 60%w/v) was used in this test. The test had to be

reduced in scale to reflect the small amount of sample available; positive reactions were obtained u
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following proportions: Fegalgent 40pl + 100ul pH2 water and 40)y fre=pared filtered acidic digest,
were placed in a white porcelain well plate. Where an initial negative result (no colour change) was see

20ul sample was added. The resultant colour was noted.

4.6.2.3.3 Flavonoid content

Development of a yellow colour when a strong base e.g. NaOH is added to possible flavonoid in
and which is reversed by addition of HCI is indicative of the presence of a flavonoid. The ionisation of
acidic OH group in the presencerohg base causes a bathochromic shift of both adsorption maxima. Tt
ionisation is reversed by the addition of HCI. Any reduction in the intensity of the colour upon star
i ndi c at-8QResubstifutigBobn®1999nteraction with metal &igminium ions also produce a
bathochromic shift due to formation of stable complexes with OH and keto groups (Figure 4.14) and a

complexes with orthibyroxyl groups.

Method

500¢l of freshly prpagdinaiwhpdceldintwellrpatd anddfgys i ¢ d
0.1M solution of Sodium hydroxide (Na&&t, grajléen water added and the colour noted. The mixture
was allowed to stdod 10 mins before additianfedv drops of conc. HCI aciccalmlichanges were
noted.

Method

500¢l of freshly prepared filtered acidic d
of a solution d¥banhydrous aluminium chloride éxi@tdrodisn methanalas added. Colour changes

were noted.

4.6.2.3.4J)\+induced Fluorescence

Flavonoids under 365 nm UV light, show dark yellow, green, or blue fluorescence, depending
structural type, which is intensified and changed by the use of a variety of reagents e.g. ammonia vapo
Green plants emit UV indte@édluorescence RF {630nm), faed fluorescence FRF g@Inm)
both from chlorophyll, and-drkeen fluorescence BGF-680Gim) mainly from hydroxycinnamic acids,
caffeic, ferulic and sinapic &Cidsroviet al.1999, Evangelista 20@heplant secondary metabolites
which also contribute ultraviolet induced BGF, include: flavonols, flavoregdrexdistories),
isoflavones, flavanones, chalcones, phenolic acids (salicylic, gentisic, ellagic)Camtdialet atid
1999)
Typical colours observed in 365nm UV light are: quercetiarzchd@tglg@cosides: orangellow,
luteolin and itsCfiglycoside: orange; apigenin aneDiglyéoside: yellgreen(Andersert al.2010)
chlorogenic acid and phenolic acids arignoipampids bright Hluk e t &t al 2003)

Method

A drop from each freshly prepared aqueous digest was placed on filter paper. The paper wa
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placed under a UV lamp (LPBLE0V 50Hz 8W 365nm / 254nm) and the colour noted at 254 and 365n
Thefilter paper was then suspended in a chromatography tank containing a small volume of conce
ammonia solution (35%S8ittution) and any colour change noted.

Results for all phytochemical tests are presented in SectbhS.g.46d summarise&ection
4.15.10, Tables 44£222.

4.6.3.UV characteristieeoradendraligests

UMWVIS spectroscopy plays an important role in analytical chemistry and has widespread applice
chemistry, physics and life sciandegharmacokine{iesrkampuet al.2012, Takemadbal 2012) It is
particularly important in the analysis of flaordedseat al2010) procyanidir{Svedstromt al.2002)
and has been used for mistl¢tarzkiewiczt al.2001) Single wavelength UV and multiple wavelength
DADUV detection is widely used in HPLC analyBianetgal.2002, de Rijlet al.2006, Romaat al.

2006, Harngt al2007, Liet al2007, Dieat al2008, Takematbal2012)

In order to hawe UV spectrum a molecule must chmteiional groups which absorb light i.e.
chromophores. Chromophamesommonly double or triple bonds e.g. conjugated double bond C=C abso
between 2600nm; the carbonyl groups, C=0 of saturated aldehyeesndaka weak absgtion
band between 2300hm examples of UV absorption maxima are shown in Thldeelk&é0when a
carbonyl group is connected to a conjugated system with a double bdhd, dbsogbtit® maxima
300350nmTriyptophaytyrosine andphenylalanine, are the @atyino acidbiat have eonjugatésystem
enabling them absorb UV ligliRhenylalanine has a weak absor@dmcabsorption maximurthése

amino acids is ~ 280 nm. These are the amino acids detettedfipepides and proteins.

Table 4.10 UV maxima for potential candidate compounds present in mistletoe(ldaflzampl£889a)

Class Spectr alax(Mgxi ma ¢
amino acids, peptides 280

simple phenols 266295

phenolic acid 235305
hydroxycinnamic acids 227245 310332
flavanones, dihydroflavonols 275290 310360
flavones, flavonols 245270 300360*
hydroxycoumarins 250260 280303 312351

*May be small peak or just an inflettimiost intense band

The UV spect@btained for the digests are those of a mixture of the absorbance spectra of
components in the mixture. Absorbance is concentration dependent. Absorbance at any individual wa
will be the sum of the absorbance contributed by each comaonavektndth. However a UV scan
provides an indication of the ranges of potential constituents e.g. luteelrglpcakide Have
absorbance at 346/47nm whilst quercetin 362nrCanhits@side at 372nm, these have been reported
in different stietoe species.

Both phoratoxins and lectins present in the digests will contribute to absorbance at 280nm. Phol
B-F have either-4% amino acid residues and sequencing determined that each contained a single resic
tryptophanymosine andphenylalanin@lohanssoat al.2003) Mistletoe lectins A chain contains 254 amino
acids, ryptophan (2ymosine (11)andphenylalanine (123oleret al.1996)and the B chain contains 246
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amino acidgyptophan (9ymsine (7)andphenylalanine ($¥olert al.1998) Methanalvas chosen as
the solvent asistthe recommendsdivent for tHéVspectroscopic analysis of flavomeaidiularly for
investigation of wavelength shift behaviour ugirgridC1989a)

4.6.3.1 Standardised UV Method

A standardised method was used to permit comparisons between individual samples and treat
The polarity of a solvent, pH and temperature can alter the position of the ads(@gtoetrexima
2006) 10ul of freshly prega acidic aqueous host tree leaf and mistletoe digests were diluted to 10ml i
volumetric flask with MeOH (HPLC grade) and analysed using scanningLRMED ASrfecanning
UV spectrophotometer with Winlab software. Results are presentddlif. Secti

4.6.2 UV spectra in the presence of shift reagents

Shift reagents are used to differentiate between different phenylpropanoids and flavonoids. The ri
interact with fr&H groups and carboxylic acid groups. The UV spectra of ezaheptesiwed using
two standard shift reagents, to provide information on the classes of compounds contributing to the UV
Two characteristic UV/Vis bands are present in flavonoids, Band | in the 300 to 550 nm range, arising
B ring, and Bd Il in the 240 to 285 nm range, arising from the A ring (Figure 4.14). The effects of the

reagent can be seen in Tablegi4l21

Table 4.11 Structural information from sodium acetate and sodiumieestat@idoced shift reagents
(Markharh989)

reagent Shift observed interpretation

NaOAc Band Il +5 to 20nm, (reducedrifgs 7-OH
oxygenation present)
Decreasing intensity with time Alkali sensitive groups e.g. 5,6,7 or 5,7,8

or -®H, 406

NaOAc/#B8Q | Band | +12 to 36nm, B-ringo-dihydroxy

Band | smaller sthifin+12 to 36nm, Aring edihydroxy 6,7 or 7,8

NaOAc interacts with the most acidic OH group, comr@ilyethdtihg in a bathochromic shift of
Band Il absorbance-2B8nm range. The addition of boric aed aalsft in the Band 1;:3%hm due
to interaction witldibydroxy groups.

Additionof Al€lor ms a compl e x wib6dnd 79 ahdybetweenxOH atg3rorcbu p s
and carbonyl at 4. The addition of the HCI degrades any dihyekesybabmel those involving the
carbonyl group, e.g. Figure 4.14.

Table 4.12 Structural information from aluminium chloride and aluminium chloride/hydrochloric acid induced
reagentMarkham 1989)

reagent | Shift observed in Band |, 300 to 55( interpretation
AICYHCI| + 35 to 55 5OH
+17 to 20 5-OH with 6 oxygenation
No change No free ®H or possiblepbenyl group
+ 50 to 60 3-OH possible with or withditi5
AIC} AICYHCI plus 3®0nm B-ring edihydroxy
AICYHCI plus 225nm Aring edihydroxy (additive 4orig edihydroxy shit
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Method Sodium acetate (NaOAc)/borid-sBic(

10ulof freshly prepared acidic agueous host tree leaf andligpesttsteee diluted to 10ml in a
volumetric flask with MeOH (HPLC dshée, Seientific). A few crystdla©fAavere added to a cuvette
containing the methanolic solutiigest shaken to mix and UV spectra obfHm&dvasoflowed by
addition of a similar amouniB@ldrystalthe cuvette shaken to mix and acd&fd spectrum obtained.
Typical shifts with which results were compared are presented in Table 4.11. Results are presented ir
4.16.1

MethodAluminium chloridé&Q#hydrochloric acid (HCI)

Two drops of 5% anhydrous iAl@lethanaolutiomvas added to a fresh cuvetlgest(10ulin
10mIMeOBbi shaken to mixd UV spectra determined. This was followed by the addition of two drops of
HCI acidshaken to miand spectra determin@gpical shifts with which results were compared are

presented in Table 4.12. Results are presented in Section 4.16.1

4.7 Determination of biological activity

4.7.1 Assay methods Introduction

During the period 12607 there were more than 420 publications investdjativeg products in
plants(Rioset al.2005) A review of over 500 publications ciesceotiial testing as a precursor for
investigations into work such asftarmimatory, artixidant and antispasmodic properties of plant material
(van Vuuren 2008he majority of the publications have focused on identification of a single active comg;
however any activity may be due to interactions of more than a singlétit@ypengnstic effdetsn
Vuuren 2008)he extraction method had significant effects on measuredoaetigtias is more
appropriate to attempéextraction method which relates to the meth@lidh asdliquid decoctiRios
et al2005)

Brine shrimfArtemia salifaBave been extensively used for toxicity testing. There are a humber
critical factovgith regard to the reproducibility of the results. Factmsdibitie controléd the origin
of the strain, the temperatunegdimcubation and hatchimgof harvesting of the larvae, the period of time
between the harvest and the start of the bioassay, and the temperature and salinity of the medium dt
test(Sorgeloost al.1978) Brine shrimp testing was advdcateldnt extragtdeyeet al.1982and has
recently been useddiermine the bioactivity and cytoxicity of aqueous extracts of widely used medic
species in eastern NicardQueet al.2012) The literature review undertaken by the authoittsitowed
lectin binding sitesgut ofrtemisare mannose speqifiasconcelag al.1991, Arrudsat al.2013) Brine
shrimp assay would not detect toxicity due to the presence of miqlletest EHEBB2, Wacket al.

2005) Caenorhabditedeganga nematode) is an alternative org@rasimget al.2008)however the
required facilities to undertake its use were not available.

Lectins are widely used in the identification of(Gadi¢etial. 1984, Costat al.2010)and the
preventioaf infectio(Pistole 1981, Fietral 1983, Llovet al 1993, Pusztai al. 1995, Leet al.1998) It
was therefore decided to assess biological activity using bacterial screening as a precursor to any sul

work on other potential activities whs also appropriate in that many of the other potential PSM class
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also had antibacterial/mixed properti@idrygt al.1999, Cushnet al2005, Hatared al.2005, Ozcelik
et al2006, Wargf al2010, Cheet al2011)

4.7.2 Microbiological Activity Testing Method selection

Most methods are based on using known concentrations of an antibacterial agent e.g. the Broth
test. This requires relatively large amount of reagents for each test. This was not phracicabletgiven
of digest potentially available and the uncertainty as to constituents and the concentrations. An alterne
micro dilution method using 96 well trays, each containing O.{Rallestrat?009) This uses an
automated plate reatte measure bacterial growth. This method was attempted however during incube
the Phoradendrodigests changed colour becoming very dark brown. This prevented changes
absorbance/transmission measurements relating to organism growth bé&iotpoirgirehsultation
with the technical staff, (P. Burgess and Dr. E. Gaskell) it was decided to trial the Agar Diffusion Assay
The Agar Diffusion Assay for microbial sensitivity is a standard method of The European Comm
Antimicrobial Septibility TestindeUCAST. This method has been evaluated for use and employed to te
antimicrobial activity in plant extradi&/gkqison 2006, Valghal 2007, Klancngét al.2010, Gautaet
al. 2012) The test relies on the diffusion afi¢né through the agar to inhibit the growth of the organism
growing in it. The Zones of Inhibition (ZI) are taken to be representative of the susceptibility of the org

the digest constituents.

4.7.2.1 Preparation of Seeded Agar plates.

To enableomparisons of the digests it was necessary to ensure that the agar plates contained sta
number of organisms and that this could be replicated for all the tests. It was therefore necessary to se

plate with the same number or organismss Husonglished using the McFarland standard method.

4.7.2.2 McFarland Standard

The turbidity and absorbance of a liquid culture increases as the number of organism increas
McFarland standard has been used since 1907 and is still used bytonarbodessulevorldwide
(American Society of Microbiologists/ ASM 5.14.1 Technical Bulletin). Each McFarland Standard equi
particular Absorbance value relating to number of Colony Forming Units (CFU), for specific bactel
McFarland 0.5 Standzaid a UV absorbance-0.08 at 600nmand equates to the broth culture €3 x 10
CFU. The number of CFU is confirmed by direct measurement of organisms using serial dilution anc
(Figure 4.15).

The McFarland Standard 0.5 was prepared asTiwbogtsick solutions were prepared 0.18M
Sulphuric acid .86@) and 0.048M barium chloride dihydrate ABaf@)HThe barium solution was
wrapped in foil and stored in the refrigerator. When the standard was requirecds&@0tibofvieCl
added to.95ml BEQ, acid. The solution was vortexed to mix and turbidity measured as absorbance
600nm.
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4.7.2.3 Preparation of culture for standard agar plates

Overnight cultures in Oxoid Nutrient Broth (Code: CM0001) were grown to expomesgial growth
The turbidity (absorbance at 600nm) of the culture was measured and sufficient added to 9ml nutrient
produce an absorbance-0.08 i.e. standard culture equivalent to a McFarland 0.5 standafd <300 x
Colony Forming Units/ml (CFURelndmber of CFU in the McFarland 0.5 dilution was confirmed usin

standard serial dilution and plating methods (Figure 4.15).

Cubure : 1 Imi imi

B/ B R

9ml in each tube

1100 11000 110000 1:100,000 1:1,000,000
Figure 4.15 Serial dilution and plating. Number of bacteria/ml = number of colonies x dilution Drawn in Paint®

The McFarlandbCculture was further diluted 1:100 and 1ml added to 19ml molten Oxoid Nutrient .
(Code: CM0003) and the agar poured into sterile Petrie dish and allowed to set. This produced
containing 1CFU/mI. Once cooled and set a sterilised NooRrcarks used to create wells in the agar.

Each well accommodated 50pl liquid.

Confirmation of number of organisms.

McFarland 0.5 broth culture <B8GFLQ was diluted according to the procedure (Figure 4.15) and age
plates (triplicate) were preparel¥fdl® and 10dilutions. The plates were incubated overnight and the
number of colonies counted and used to calculate the number of viable Colony Forming Units, CFU/I
broth, confirming the McFarland 0.5 standard number of organisnist exdlsdigests were tested

against equivalent numbers of viable microorganisms.

4.7.3 Method for preparatioRlaradendr@md geophagy digests

8ml feshly prepared high purity deiaméedadjusted to pH2 with HCI, warméd, twwe8¥ added
to 5@ +10mdPhoradendrdeaf sampléa polypropylene centrifuge tubes which wereutbetied on an
orbital mixer in an incubatoP@tf87 60 mins. The tubes were then placed in a fridge to cool and particles
sediment before beirgtrifuged @Sigma 2 Compact Centrifuge, 12,500L5@) for 20 mirr&0ul of
the supernataneredecanted insterileBijou bottles, frozenr8&C then freeairied; once dry thettles
were capped and stored in the dark in airtight c@iggstssvere ammtrated by reconstituting freeze
driedsamples with 250ul pH2 waterile)mmediately before.use5 0 ¢ | of reconstit.

added to wells in agar plates seeded with a range of organisms.
144



4.7.3.1 Preliminary Screening organisms selected

ATCC microbial strains available for testing were ones quoted in the United States and Eur
Phar macopeiasd for QC testing.

Table 4.13 Micreorganisms organisms used in testimgdendramd geophagy digests

Organism strain/type numbel Gram stain
Bacillus cereus NCTC 6474 +ve
Bacillus megaterium | NCTC 5635 +ve
Bacillus subtillis NCIMB 8054 +ve
Escherichia coli ATCC 873]|-ve
Micrococcus luteus ATCC 10240 +ve
Pseudomonas aerugin| ATCC 9027 -ve
Staphylococcus aureu NCTC 6571 +ve
Serratianarcescens ATCC 14756 +ve
Proteus vulgaris ATCC 6380 -ve
Candida albicans ATCC 10231 yeast

ATCC organisms obtained from LGC Standards. Other bacteria/organisms obtained from N
Collection of Type Cultures (NCTC), The National CatlidastniabfFood and Marine Bacteria (NCIMB)
(Table 4.13). Organisms were grown in appropriate media and conditions to yield a culture suitable for
agar plates as previously described. Results are presented in Section 4.17.1, Table 4.29.

4.7.3.2 Measurement of Zone of Inhibition (ZI).

Figure 4.16 is an illustration of a plate seedatiuth subtii®54and the wells treated with a

known concentration of antibiotic, minocycline.
S

Diffuse growth,
no antibiotic

Figue 4.16 Well plate assay resultsnfapocycline control antibiotic, ZI 520 mout hor 6 s phot ogr

The agar plates were incubated for 24 h at 36°C + 1°C, under aerobic conditions. After incul
diffuse bacterial growth was observed in untremiadte@esgar. Inhibition of the bacterial growth, Zone of
Inhibition (ZI) seen as clear zones around the wells was measured in mm. Plates were placed on a |
and Zwere measured using digital callipers (Figuréhe ZI was measured adtossaxesand the
mean value recorded.

Following the screening tests, two organisms were selected for subsequent testing, following the
of preliminary testing, Results Section4.17.1 TablesBl. 29(&iliandS. aureus?. quadrangulg&o
Samples) arf. robustissimu@6 samples) were tested. Results are presented in Section 4.17.2, Tabl

4.30ea.
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mm/inch

Figure 4.17 Example of the use of digital callipers to m&msuweslandrquiate ZI.
4.7.3.3 Antimicrobial testing of geophagy digests

Interest in the influence of metal ions on growth of micremd)paissitdas developed over the
last 20 yeaes.g.(Bulleret al.1978, Silver 1996, Tatral.1998, Zhaet al.1998, Glanfietd al.2007,
Cunninghaet al2010, Ottet al2010, Ottet al.2013) Geophagy samples were incubated in the absence
of any leaf material in order to determine if there was any activity due to mineral ions potentially release
extraction. A leachate prepared from 10% suspension of alayromiérial had been tested against
coli(Cunninghasgt al.2010) The aqueous digests of geophagy samples testdtiwe@Pdeficient in
iron content (Chapter 3). Samples from Sites 2, 6, 8, 9 and 10 were tested against the trial orgs
Phordendroneaf samples were then incubated with geophagy material and digests similarly tested a

the trial organisms to determine if there was any interaction e.g. loss of leaf activity or synergy.

Method

1.00g¢50mgeophagic matedald8ml of warmed freshly prepati@dadjusted deionised wadsr
added to each tube and mixed. The tubes were thengpladeithbahaker in an incubatof@tf8i60
minsFollowing incubation samples were placed in a fridge to sedimerdedayestvwhsn centrifuged
Sigma & Compact Centrifuge, 12500rpd G) for 20 mins and filtere
freezalried and reconstituted as previously described. Reconstituted leachate waBtestdudilsgainst
S. aures and E. cdl Following the first determinations, the geophagy sample was increased to
+50m¢@Bml. Results are presented Section 4.17.3.

Direct application of 100mg geophagy sample (remaining from Loss on Ignition-8eatiadnt) to pre
plates was s undertaken, as there were literature reports of direct antibacterial activity from to
application of clgy¥illiamet al2010) Results are presented in Section 4.17.3.

4.7.3.4 Antimicrobial testing of comBihechdendrdeaf andieophaggigest

Method

500+10mgportionsPhoradendroteaves were placéd 15ml conical centrifuge tubsith,
1.000£50mgeophagic material from known eatinghstesamples were treated as Section 4.7.3.3.
Organisms were tested with both types of digtdstssiaomple leaf sample in a single plate, to permit direct

comparisons of effect of geophagy digestion. Results are presented in Section 4.17.3.
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4.7.4 ParasitologyFaecal Sample collection and identification

One of the potential functions initialigdsyped for tiRhoradendraonsumption was that its use
may be related to elimination/controlling a parasite load. It was intended to test gastric digests
examples of parasites identiffgelegaecal samples.

Atelesfaecal samples wereectdld opportunistically from identified monkeys between July 2007
October 2008. Samples were collected and stored in 10% formaldehyde/phosphate buffered saline ¢
using standard protocols. Examples were subsequently examined by spedieyistVstiaff, Cregst. of
Anthropology and McGill School of Environment, Montreal, Quebec, Canada. Further samples were :
by technical staff under Dr W Bailey, Senior Principal Experimental Officer, in charge of Clinical Di
Parasitology Laboragdriiverpool School of Tropical Medicine, Liverpool, L3 5QA. The author was not
to test the aqueous digests against example parasites, due to the limitétharadantaample

available. The parasites identified are presented in Section 4.22.

4.8 HPLC Analydthoradendraligests

4.8.1 Instrument and conditions

Following the initial method development Sectibf.4.th& remaining analyses used a gradient
methodising MeOH/water/acetic acid (Figure 4.18).
Gradient conditions:

After development work, the following gradient conditions provided the optimal conditions for ane
thePhoradendraligests. Flow rate 1ml/min; column oven $&€m@ré&dient cotoins (Figure 4.18).

ToT Ts- Hold 5% MeOH: 95% HPLC water + 2% aceticbéeileDH: 95% HPLC water + 2%
acetic acid gradient ¢9195% MeOH: 5% HPLC water + 2% acetigsdgidiald at 95% MeOH: 5%

HPLC water + 2% acetic acid.

Column:

Optimal ODIS25cm x 4.6 cm id. 5um particle size, pore size, details Section 4.3.4.

HPLC Instrument: Agilent 1200 Series HPLC,

UV Diode Array Detectordw).UNDAD setting280, 325 and 350nm UV detectiorpedivas
recadingat215560nm1200 s#es (FL) Fluorescence Detector: FL detector settings: Multiple scan excitat
and emission during method development indicated that combinations of the following wavelengths
FL chromatograms of varying signal intensities Excitation: 283263,786Gm, Emission 350,430,440,
452, and 540nm. Agilent Chemstation® Software Package was used to control the instrument and ¢

chromatograms.
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Illustration of gradient
100 - 9

80 +
60 -
40 - —MeOH

20 -

% MeOH

0 \
0 5
Figure 4.18

mins ©0 75
Graphical illustration of HPLC gradient conditions, MeOH proportion increasing

Solvats and Mobile Phases (Obtained from Fisher Scientific):

99. 8%, HPLC
deionised water. All mobile phases were filtered through 0.2um nylon filter and degassetl with helit

Met hanol for gradient anal ysi s

maintained in amber containers. Results are presented in Section 4.18.

4.9 Identification of constituent of major HPLC peaks

4.9.1 HPLC Standard Compounds selection

In an attempt to identify the compaietihg in the 3 major peaks which weret pndze
guadrangulasamples and absenPinrobustissimusamples particularly, potential reference standards

were researched. Of particular interest was the peak which had highest concentration, which eluted

mins.

Table 4.14 The reported flavonoid®faradendrapp(Dossagt al1983, Varekt al2004, RiveiGruzet
al.2005, Lopddartineet al2012).

Species Compound UV data2nm

P. robinsonii | apigeni®-C-glucoside (isoviteXin) 272, 337 in EtOH
apigeni6-C-galactoside

P. liga apigeni8-C-galactoside

4' 5, Arihydroxyflavone (apigé&nin)

268, 300sh, 338nm in EtOH

apigenid-O-glucoside

luteolir-C-xylosid&-C-glucoside

P. tomentosun

apigeni8-C-glucoside (vitexin)

270, 296sB34nm in EtOH

6-C-glucosy8-C-arabinosylapigenin (schaftdside)

273, 300sh, 333nm in MeOH

6-C-arabinosyd-C-glucosylapigenin (isoschaftéside)

273, 300sh, 333nm in MeOH

P. 5, 7Dihydrox¢-ikethoxyflavone (acacetin ) 271, 328
brachystachyu| acacetin-thethyl ether.

3-desoxyprocyanadins
Viscaceae apigeniT-O-glucoside 268, 332 in MeOH

luteolir6-C-glucoside

257, 270, 350nm in MeOH

luteolir7-Oglucoside

255, 267sh, 350nm in MeOH

3',4',5,Fetrahydroxyflavone (luté&olin)

254266, 292sh, 347 in MeOH

3-(3,4dihydroxycinnamoyl)quinic acid (chlorogetiic acid

236, 244, 300sh, 329 in MeOH

4-Hydroxyg-methoxycinnamic acid (feruli¢*acid)

235, 297sh, 324nm in EtOH

3,4Dihydroxycinnamic acid (caffeit*acid)

219, 236sh, 24299, 327 EtOH

2-(3,4Dihydroxyphen$|b, #rihnydroxgHchromed-one
(quercetin)

255,269sh, 301sh,370nm in M

The UV spectral data for the above potential candidate compounds (Table 4.14) were obtained f
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literature where available or fifroduct Data sheets from the suppliers of the reference standards (Sig
Aldrich UK and Extrasynthese S.A. Fféese)included compounds known to be present in the Viscaceas
and those previously report&hdnadendrofihis data was compared th#éhUV spectral data of the
Phoradendraligests.

The compounds listed in Table @dhdpoundsarked withitad U\Minducedluorescence brown,
purple, orange or yel{darkham 1988hd whose UV spectra data did not match that ddAie UV
spectra fothe major peaks present in the HPLC analysi®.ofjubdranguladigestsThe three
compounds listed in Table 4.14 marked with ** mdbloeadiredratigestdluoresceate in response to
UV lighaind the UV spectraesh samples bésethree standards were then purchased from Sigma Aldrich
UK:

3-(3,4dihydroxycinnamaquipic acid (chlorogenica@idd 8 78 O095% titrati on

3,4Dihydroxycinnamic acid (caffeic@p 25 098 % HPLC

4-Hydroxy3-methoxycinnamic acid (ferulici @98pHPLC.

4.10 HPLGVISdetermination of accurate mass

4.10.1 Introduction

The mobile phase exiting from theD#HDL@etector is diverted to the mass spectrometer, where it
undergoes Electro Spray lonisation generatinogs@re. generated by indudimer ¢he loss or gain of a
charge from a neutral spedies.ions pass through a magnetic field where theelengaatatically
deflected according to theirnfasge ratio (m/z), and then pass to the deteatass of a molecide
determineldy measuring the massharge ratio (m/z) of its ion. The result is a spectrum that can provid
molecular mass and even structural infoffingiorass spectrum provides information on the molecular
weight and the fragmentation pattern is highie semditcan be used to determine the identity of
compounds eluting from the HPLC. The use of taMigrgeM&ates more fragmentation ions through
collisiofinduced dissociation of the molecular ions, thus providing much more informationeallowing st
elucidatio(Garkeet al2005)

Analysis and identification of phenolic acids using a combinatiMSoarntdPL&dem Mass
Spectrometry (HRMSMS) is widely us@difforat al.2003, Simonovsétal.2003, Jandet al.2004,

Franket al.2006Bystronet al.2 0 0 8 , et ab2014)The use of negative ion mode using 60V or lower
cone voltage is preferred for some classes of phenolic ¢@igamehdat al.1996, Pérddlagarifiet

al.1999, Robbins 2003, Waksmuhtighast al.2010)Negative ion mode prodackgkrabundance

of the molecular iorHMas deprotonation is high. There is little other fragmentation making the interprete
simpler. At higher voltages there is more fragmentation and a base peak due to digiidovabundanc
moleculanass ion (Pérdtagarifiet al.1999).

Determination of the mass ion, comparison of fragmentation patterns of reference compounds a

bases and comparison of RT of a standard are used in identification.
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4.10.ZEquipment and @dions
Instrument

Waters Alliance 2695 HPLC system attached to MassLynx® 4 Mass Electrospray lonisation T
Flight Mass Spectrometeil CEEHMVIS).

The Optimal L column, previously used HPLC solvents and gradient conditions wer&sed for the
aralysis. Negative ionisation mode was used. Sample Cone voltage 50V; Solvation @mperature
Acceleration 200. Research Technician: Dr N Dempster operated the instrument on behalf of the
Results are presented in Section 4.19.

Determination dfet Mass ion for the major peaks of interest in the digests prouced from
guadrangulagrowing on host MC was undertaken. Data was also obtained for chi@¢ggnic acid,

dihydroxycinnamoyl)quinic acid (Sigma Aldrich). Results are presenteddn Sectio

4.11 Antimicrobial activity of chlorogenic acid

Following the identification of chlorogenic acid in peak RT ~19 mins the following investigation
undertaken: Response of chlorogenic acid standard to shift reagents and antibacteriaB activity ag:
subtilisS. aures andE. colibacteria as there were reports of activity against these organisms in seve
papergChirumbolo 2011, Hemaisveargk2011, Loat al.2011) Methods were those previously detailed
Sections 4.7.24.7.2.2.

50ul of chlorogenic acid solutions eduivadelding 12.5, 25 and 37.5ug of chlorogenic acid were
added to seeded well plates, prepared as described in Section 4.7.2.3. The results are presented in
4.20.144.20.2.

4.12 Estimation of chlorogenic acid corfemjuaidrangulatigests
412.1Calibration Data

An aqueous solution of chlorogenic acid was prepared and the diluted using volumetric glassv
provide solutions suitable for HPLC analysis, using the standard gradient conditions already detailed.
Calibration solutions rangedn fi0.20ug/10ul. The mean peak areas from five replicate

determinations for each sample were obtained. The calibration data are presented in Results Section 4

4.12.2hlorogenic acid Recovery, SPE elution process

This was undertaken in orderdaniee the effect of the PA SPE samplepcfgacedure on the
amount of chlorogenic acid collected and hence its effect on chlorogenic acid in the SPE eluents obtai
the digests, Results are presented in Section 4.21.2.

Method

150mg/200ml (7.85@ul) chlorogenic acid in deionised water was prepared. This concentration v
chosen following determination of the calibration plot. 4ml was added to a 500mg PA SPE cartridge

liquid allowed to drip through, and fractions collected asdesaribadysection 4.2.2.1 Final Procedure.
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10pl of each fraction was analysed by HPLC. Results are presented in Section 4.21.3.

4.13 Results

4.13.1Drying Method development

On examination after ~72 hours the silica gel in the samples marke@dslywgreeabvThe
weights were recorded and all silica gel was exchanged. After ~96 hours there were a few green cryst
samples marked *. The samples were reweighed and silica gel replaced (Table 4.15). There were no
in dried leaf massvbetn 786 hours. The results suggested that a ratio of 2g fresh leaf to 509 silica gel
the glass container, Method 2 produced the most consistent drying within 72 hours, in laboratory co
The mean weight loss was 65.47% SD 1.16.

Table 4.15 Camparison dfiscum albuBrying methadal

Drying |15.2.07 |16.2.07 |19.2.07 |Cumulative %20.2.07  |[Cumulative 9 ¥;2?% WeiglSD

method |weight (g)weight (g) jweight(g). |weight loss |weight(g). |weight loss loss

1 4.29 2.42 1.60* 62.61 1.60* 62.71 63.19 1.33
1 2.18 0.94 0.77 64.69 0.77 64.69

1 2.59 1.16 0.98 62.15 0.98 62.b

2 2.70 1.29 0.93 65.62 0.93 65.63 65.47 1.16
2 3.69 1.99 1.32* 64.15 1.32 64.23

2 1.52 0.65 0.51 66.40 0.51 66.54

3 5.14 3.14 188~ 62.46 1.8* 63.36 64.56 2.24
3 2.59 1.47 0.83* 67.90 0.83 67.91

3 1.23 0.73 0.46 62.42 0.46 62.42

4 3.46 1.94 1.24* 64.07 1.24* 64.12 65.76 1.97
4 2.23 1.25 0.72* 67.97 0.72* 67.95

4 1.75 0.85 0.61* 65.22 0.61 65.21

5 3.21 1.91 1.04* 67.72 1.03* 67.84 65.86 1.85
5 2.63 1.17 0.90* 65.57 0.90* 65.55

5 1.20 0.57 0.43* 64.21 0.43 64.18

** dark green silica gel. * orange silica gel with some green crystals, gel changed.

Further fresh sampled/istum albuteaf were purchased and dried using these conditions mean
weight loss was 62.68% SD 2.57. The samples were stored in airtight boxes in a cool dark cupboar
Viscum albuleaf material was subsequently used to develop the HPLC analysis roettsadapiHse f
of this batch remaining were examined after 16bmfmmnéhbeing used in further method development

There was no obvious visual deterioration in the samples.

4.13.ZField Drying Trial

The results of the field drying trial using hrkgad/géapprox. 1:10 indicated that a max of 149/150g
should be used for subsequent sample drying. This permitted rapidedig@asg nvithtier of gel changes
(Table 4.26

Following consultation with the National Park Authorities, it wat agped 8y dried sample
material be permitted for export. The mean weight loss was then used to determine the sample size n
to obtain approx. 5g dried material for the subsequent analyses. This however was not always achieve

the amountnd accessibility of suitable leaf available. An illustration of the differences required for s
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collection between the species can be seen as approx. 169 fRisiradeiythtdeaves required 45
leaves from hadgtanilkara chiclé8 leaves from hbsehea speciosad 8 leaves from hbabebuia
ochracealhe more fleshy leaveB.abbustissimusruired longergfays) to achieve dried to constant
weight thaR. quadranguld@5 days).

Table 4.16 Drying results fohordendrosamples

Host Tree Species

MC LS TO

Sample | Initial | Dried | % Sample | Initial | Dried | % Sample | Initial | Dried | %
No. wt (g). | Wt (g).| Loss | No. wt (g). | Wt (g).| Loss | No. wt (g). | Wt (g).| Loss
125 4.8 1.8 62.5| 119 NA 0.8 NA | 123 43.7 129 | 705
127 2.7 1.1 50.3 | 134 15.2 5.5 63.8 | 131 41.2 149 | 63.8
128 10.2 4.6 549 | 135 17.9 7.1 60.3 | 136 14.7 4.8 67.3
132 24.4 7.1 70.9 | 138 14.0 5.5 60.7 | 137 14.2 4.9 65.5
133 135 4.5 66.7 | 158 18.2 6.7 63.2 | 161 26.7 9.3 65.2
139 10.8 3.6 66.7 | 159 20.1 6.9 65.7 | 162 229 7.9 65.5
155 23.2 6.2 73.3 | 160 23.0 8.5 63.0 | 171 20.5 7.2 64.9
156 16.5 5.2 68.5 | 168 184 6.8 63.0 | 172 19.6 6.2 68.4
157 195 5.3 72.8 | 169 20.8 7.6 63.5 | 189 12.9 4.8 62.8
165 17.0 4.7 72.4 | 170 18.8 7.9 58.0 | 196 10.7 3.9 63.6
166 16.8 5.6 66.7 | 190 9.3 4.8 | 48.4| 200 19.5 8.0 59.0
167 16.6 4.3 74.1| 194 12.5 6.6 | 47.2| 205 10.0 3.9 61.0
191 7.2 2.4 66.7 | 199 8.8 4.1 53.4 | 209 12.4 4.7 62.1
195 8.9 3.1 65.2 | 203 10.3 4.4 573|214 13.3 4.8 63.9
201 9.7 3.3 66.0 | 204 9.6 6.1 36.5

202 8.9 3.4 61.8 | 208 9.0 34 62.2

207 8.6 29 66.3 | 212 9.0 3.3 63.3

210 9.8 3.3 66.3 | 213 10.7 4.7 56.1

211 8.0 3.0 62.5

4.13.3 SPEmethod Development

Preliminary fraction collecting of sBPheraldendragamples was undertaken. The fractions were
subjected to UV and a limited phytochemical and antibacterial screening. Sample 165 is presented as
the digests obtained fRamquadranguldwC host tree. The UV profile of each fraction ilusingeof
potential types of compound present. It is accepted that each fraction may contain multiple compone
spectra shown in Figures-4.4@, illustrate the differences in character of the fractions particularly tf
change from Ro F 8 anB9.

The UV, solution colour, Fegthndfluorescence resulte variable due to the relative strength in
response contributed by all the compounds present. These changes are also reflected in the colour
el uents which cHange 6f, r70mcOF Ddury elslsowYFS8, 9) d
the FeGhnd gelatine tessults and the fluorescence colour observed (Table 4.17). Yellow coloured solut
are associated with both luteolin and afitgeai®et al.2007, Amadt al. 2009) The change in colour
observed with the Rég3t suggests a change from predominantly condensed tadnimsrigrelear) to
hydrolysable tannins which produce a blue/black colour. This is supported by the position of the UV
The mamum absorbance fof7R8as 31329nm whilst in F8 and F9 maximum absorbance occurs at 282

and 280nm respectively, with a shoulder around 325nm.
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1.2+ Ph165 Fractions

Absorbance

220 260 300 340 380 420 w w w = w
nm 220 260 3000340 380 420
Figure 4.19 Method Development UV spectra Fraétid®eniple 165

Ph 165 Fractions 8

220 260 300 nrr§|’>40 380 420
Figure 4.20 Method development UVtspéar Fractions-F81, sample Ph165,

Table 4.17 Colour description and observed test results for SPE produced Ph165 fractions.
Fraction solution colour | gelatine test | FeCitest Fluorescence at 366nm
F1 colourless + neg VioletBlue
F2 yellow +++ +++green VioletBlue
F3 yellow +++ +Higreen VioletBlue
F4 colourless + + green VioletBlue
F5 colourless + + green VioletBlue
F6 colourless slight haze + green VioletBlue
F7 colourless slight haze + green brighBlue
F8 deep yellow +++ blue blackd k g [ Bludyellow green outer rin
F9 deep yellow +++ blue blackd k g [ Bludyellow green outer rin
F10 pale yellow blue black darkred
F11 v pale yellow blue black yellow

The gelatine response is indicative of the presence of p{@yarteaiadines precipitate polymeric
tannins with the precipitation of tannins by ipelstamg with the degree of polymerization and the
number of gallic units bound to the t@viainget al2001)Ferric chloride results suggest the presence of
simple phenolics, HT, and CT in the different fractions. Violet blue fluorescence is associate
hydroxycoumarins, bright blue fluorescence with hydroxycoumarins and caffeoyl phenylpropanoids. |
and flavonols dark red/purple, yellewvarious different flavonols and flavonol aglycones and
hydroxycoumarins and yejteen fluorescence is seen with agigeglpcosidegMarkham 1989,
Harborne 1998&)hese preliminary results suggest complexsnoif phenolic constituents are present in
theP. quadrangulatigests.

The spectrérigure 421ab) and data (Table 4.4& also representative of those obtaifed for
robustissimuftom(a) LS and (KO host trees
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Figure 21 Method devagdment UV spectraMorobustissimiractions F3, Sample141LS (a) and 189TO

(b).
The maximum absorbance for the afigetste SPE treated fractions 141LS andA.8®bOstissimym
were at 280nm.The peak was broader and less intgRsednghissimupTO sampse(Figure 4.21Db).

Table 48 Colour @scription and test resultSFat producdd robustissimumlLS and89TO digest and
fractions.
Fraction solution colour | gelatine test FeCitest | Fluorescencat 366nm
digest Otea co]|neg neg dull yel/Bright blue rin
Sample 141L{ F1 pale brown neg neg dull yel/Bright blue rin
F23 combinel slight brown tint Neg neg dull yel/Bright blue rin
digest pale brown neg neg dull yel/Bright blue rin
Sample 189T| F1 slight brown tint| Neg neg dull yel/Bright blue rin
F23 combine( V slight brown ti neg neg dull yel/Bright blue rin

Absorbance for Fractiofiswlere < 0.1 and thereftamare not included. There wasisible
shoulder in the 3325nm region. The lack of reaction with both ferric chloride and gelatine may b
concentration effect and or constituents. The gelatine may be due to differences in constituents
precipitation is greatest with CT. i tipgadmgularesample the absorbance were >0.3 for fraction 5
compared to <0.2 fof3HRAP. robustissimumactions. The fluorescence and UV spectra are suggestive of

hydroxycoumaringirrobustissimum.

4.13.%Preliminary Antibacterial testing SPE eationd

4.13.4.1 Antibacterial Resttsquadrangulare

Zones of inhibition (ZIBfosubtiliseen for fractiofrem the thrde. quadrangul&fdC) samples
werevery similaZl were seen for fractib§9, but ndt1,10 and 11INo activity wasenagainss.
aureus The constituentis F1,10 and 1Inay have had no antibacterial activity or were at such low
concentrations that antibacterial activity was not detected against either organism at the used inoculut
F3, 8 and 9 had the ggsiaactivity. Both HT and CT are reported to have antibacterialCadbigitgwith
assayedssing theability to bind to bacteria and inhibit (Bokdfieldt al2001)HTs have been reported
as being more potent than @hility to bind to texia and inhibit grawthe binding/inhibition activity of
HT is related to number of galloyl groups. For inhibition of bacterial growth to be due to tannins, sufficie
must be present to overcome potential competitive binding to premésnofahstitigar (Schogeldl.
2001).
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4.13.4.2 Antibacterial Restsobustissimum

No ZI were seen for the digest or fractioRs risbostissimun®, for either organism. The digest
fromP. robustissimdifO hach less opaque area around the well with lower density of Bulsuliljgth
i.e. there was no clear ZI and after a further incubation no clear ZI were seen. The concentrations in tl
may have been sufficient to inhibit growth to sonteidégsesas not complete inhibition. Levels of CT or

HT present in the fractions were below the concentration range of thaestrpgntdeeCl

In Summary

0 The fraction development work illustrated differences beiveeadetherdnost commations.
o The analysis of the SPE fractions suggests that there are differetassednf tREM in the
Phoradendr@pecies (Figures 44191).

0 There may also be differences in the biological activity as indicated by the antibacterial results.

4.14 EDXRF analysisRéforadendrdeaf

The instrumental muit for this method reports values asnppamental valuesre converted to
ma or mg/g dryeaf weigh®ll the elemenpsesenin vertebrate tissues and minanalsonsidered
essential nigntsthatwere detected were then examined in detail. Following this examination the dat
presented fatl theelenents that wegeantifiableat levels >1ppmsing the FP methdtle values vweer
then plotted according tesémepledentity. The vakiplotted for tRe quadrangulssamples are fad
hoccollected examples of leaf known to h&\datem available, samples of host tree leaf were analysed.

Statistical analysishobt vs mistletoeoncentrations was not possible as host leaves were collected
on a single occasion. Kruskdlis NeRarametric-Way Anova was performed on the samples of
robustissimuas the samples came from an individual host tree in each instance.

Statisticalrelysis wasot undertakermon thePhoradendrtviC samples as many of the samples
were collected from multiple host trees at the time of consumption. There were insufficient samples

single host tree to permit statistical comparisons.

4.14.1Silicon
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Figuret.22 SiiconlevelsP.robustissimuib® andP.robustissimuiOi non eaten species

Silionlevels detectedrobustissimuranged from 66/0mg/g dry leaf. Mistletoe levels were higher in
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the case of host LS samples but this wascasetlwith all tRerobustissimuifOsamplesHiguret 22).
KruskaWallis Vay Anova showed there was a significant difference between the silicon content o
mistletoe leaves Bfrobustissimub® p<0.05,-W statistic 21.35 n = 9RuwdbustissimuifO p<0.05,K
W statistic 23.86 n = 9.

Silionlevels detectedfn quadranguldvtCranged from 1994mg/g dry leaf and weueh lower
than theexamples singt®st tredeaves Kigure4.23. There were insufficiBhbradendrviC samples

from a single host tree to permit statistical comparisons.
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Figuret.23 Sliconlevels”. quadrangul&#C eateaxamples.

4.14.2Potassium

Potassium levels were higher in the mistletoe than the host leaf sample i libsgstsiotim
sanples The range f&. robustissimumere 7.27.1 mg/g dry leaf (Figure 4.24) with the two host samples
6mg/g (LS) and 13mg/g dry leaf (TO).-WakikadVay Anova showed a significant difference between the
potassium content of the mistletoe I@avexustissimir p<0.05,-W statistic 21.05 n=9 &nd
robustissimdifO p<0.05,W statistic 23.34 n = 9.
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Figuret.24 PotassiunevelsP. robustissimirB andP. robustissimiF®i non eaten species
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Potassium levelsAn quadrangulasamples ranged from -B8.B3 mg/g dry leaf (Figure 4.25) and
would therefore provide more Kthrabustissimufigure 4.24These levels were also much higher than
the MC host leaf levais5.610.9mg/g dry leaf. There were insuRlcteatdendrdC samples from a

single host tree to permit statistical comparisons.
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Figure 4.26 SodiuntevelsP. robustissimiit andP. robustissimiFOi non eaten species

KruskalVallis WWay Anova showed a significant difference between the sodium content of the mist
leavesP. robustissimu p<0.05,-W statistic18.62 n = 9 Bndobustissimr® p<0.05,-W statistic
20.68 n =9, (Figure 4.26).

8 sodium Pg/MC 6.3

mg/g dry leaf
o N H o)}
102 (hostZ=zz
126 (hostfFZ
104 (hostfrr=]
128 (hostfz=]
222 (16—
225 (17—
215 (16—
220 (16—
224 (16—
175 (10—
216 (18— &
174 (4)————

188 (11—

150 (2)

151 (18—
154 (15—
219 (17—

221 (17)

Sample Nmumber of indiviuals eating)
Figure 4.27 SodumlevelsP. quadrangul&#C eateaxamples

The levels of NaRnquadrangularere marginally higher than the MC host leaf 16u3gegdQdry leaf
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(Figure 4.27) and P. robustissimum sample rar@yagzg3dry leaf (Figure 4.26). There were insufficient
PhoradendrtmMiC samples from a single host tree to permit statistisahsompar

4.14 .ACalcium

Calcium levels in both host leaf examples were verfP diffbrestissimuanged from 275/mg/g
dry leaf (Figure 4.28). Kriwfedlis 4Vay Anova showed a significant difference between the calciun
content of the both leate robustissimi8 p<0.05,-W statistic 22.63 n = 9 Bndobustissimr®
p<0.05, KV statistic 22.66 n = 9.
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Figure 4.28 CalciuntevelsP. robustissimLls andP. robustissimii®i non eaten species

In the case of host tree pairgbustissimuiO andP. quadrangulAwC botPhoradendrapecies had
lower calcium levels than the host leaves collected (Fd2@s 4.28
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Figure 4.29 Calciunteveld. quadrangul&v&C eateaxamples

There were insufficlnguadrangulasampes from a single host tree to permit statistical comparisons.

4.14.5Sulphur

Sulphur levelskn robustissimumere slightly higher than host leaf LS for all samples but were muc
higher in the case of host TO (Figure 4.30). All the sulpHrrevetsigsimuwere < 1.1mg/g dry leaf.
KruskalVallis Way Anova showed no significant difference between the sulphur contentRof the leave
robustissimub$ p>0.05,-W statistic 14.62 n = 9 Rntbbustissim{r® p>0.05,"W statistic 19.58 n =
9.
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Figure 4.31 Sulphulevels. quadranguldwC eateaxamples

The sulphur levelsPinquadrangul&#C ranged from-4.8ng/gdry leaf (Figure 4.31) higher than
those oP. robustissimuom either TO or LS hosts which magklevels (Figure 4.30). There were

insufficierR. quadranguldwCsamples from a single host tree to permit statistical comparisons.

4.14.6Phosphorus

Phosphorus levelgPinrobustissimiu® ranged from ~#88mcg/g arfel robustissimih® from
~103370mcg/g, in latter case markedly different from the sole host leaf (Figure\Vie3y. Riangkal
Anova showed a significant difference betwe#rogigorus content of the mistletoe I@aves:
robustissimub® p<0.05,W statistic 19.42 n=8 and no significant diffé?enaeuistissimr® p>0.05,
K-W statistic 10.56 n = 9.
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Figure 4.32 Phosphorusvels. robustissimilt andP.robustissimuirOi non eaten species
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Figure 4.33 Phosphorusvels. quadrangul&wC eateexamples

Phosphorus levelsPinquadranguldwC samples ranged from988rcg/g dry leaf (Figure 4.33)
and so were higher than the majority of sarRplebudtissimu(01414 mcg/g dry ledfhere were

insufficier®. quadrangul@Csamples from a single host tree to permit statistical comparisons.

4.14. Magnesium

Magnesium level$inrobustissimugrowing on host LS were higher than theadirggfer the host
leaf (Figure 4.34). KruS¥allis AVay Anova showed a no significant difference between the magnesiu
content of the mistletoe leaRespbustissimiB p>0.05,-W statistic 7.81 n = 8 and a significant
differenc®. robustissimif® detected levels p<0.08y Ktatistic 17.86 n=7. As stated previously there
may be large analytical errors with the lighter (¢epdreisst al2004)
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Figure 4.35 Magnesiutevels. quadranguléviCeaterexamples
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Magnesium was not detected at levels > 1ppm in three of the opporturitstapadigirantgiare
samples (Figure 4.35) and the remaining samples had levels much lower than the host leaf sample:
were insufficight quadranguldvCsamples from a single host tree to permit statistical comparisons.

4.14.8Manganese

Manganese content offhrebustissimusamples on both host trees, whilst low were higher than that
of the single host leaf samples (Figure 4.36). The values rangeéighgnddy3deaf on host LS anrd 97
260ncgg dry leaf on host TO. Kriladlis 4Vay Anova showed a sigmif difference between the

manganese content of both mistletoe IPavedustissimuB p<0.05,-W statistic 19.84 aRd
robustissimuifO p<0.05,W statistic 14.72.
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Figure 4.36 Manganedevel®. robustissimlitB andP. robustissimli®- non eaten species

Manganese was not detected at levels > 1ppm in Bnyuddh@ngulasamples.

4.14.9inc

There were a range of Zn vallresdbustissimwample$.213.1mcg/g dry leaf these were higher
than the single host leaf ohitation 2.8mcg/g dry leaf (FigurektiBRalVvallisl-Way Anova showed a
significant difference between the zinc content of mistleRerddastissimar® p<0.05,-W statistic
20.79 n = 9. Zinc was not detected at levels > 1ppm irPanytofstissimiinssamples.
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Figure 4.37 Zindevels. robustissimif®i non eaten species

The zinc levels detected iR tlygpiadrangulagaten samples (Figure 4.38) ranged frOrBrRcH/g
dry leaf these weré fimes higher than the hosteaéexamples. TRequadrangulaesults were lower
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than the values Rarrobustissimyf13.1mcg/g dry leaf).

14 -

zinc Pg/MC

12 -

45 10

L 3.

>

T 6

(=)

Y

£ 27

07-‘—'*—'*—'4—' L/

—
2888 S35 332338338 S5 323 IS
~ — N LO I < 0 O O < ™M 1 © n ~ O
N O < © N N N N 10 00 1 N o0~ — -
O N O N N N = = 1 N N « — «— N N
Sample No (number of individualg eating
Figure 4.38 Zinc leveB. quadrangul&#C eaten examples

There were insufficlnguadrangul&yCsamples from a single trestto permit statistical comparisons.

4.14.10 Copper

Copper was not detected at levels > 1ppm in host te&veshuBtissimi® samples.
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Figure 4.39 Coppelevels. robustissimlidi non eaten species

Copper levels h robustissimfi®range between2@mcg/g dry leaf and was not detected at levels >
1ppm in the sole example of host leaf.-WalkikalVay Anova showed a significant difference between
the copper content of the mistletoe IRaramustissimr®p<0.05, KV statistit9.38 n = 9.
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Figure 4.40 Copper levels quadrangul&#C eaten examples

Copper was not detedi#d host leavdBigure 4.40 Copper levels in the eaten samphes of
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quadrangulararied from 72B.6mcg/g dry leaf (Figure 4.40) which was a similar range tdPthat of the
robustissimusamples. There were insuffieientadrangul&v#Csamples from a single host tree to permit

statistical comparisons.

4.14.11 Iron

In both casd®. robustissimuavels were in the mcg/g range but both were higher than the host le:
examples (Figure 4.41). KriMglllls 4Vay Anova showed a significant difference between the detected iro
content of the mistletoe leavespbustissimitB p<0®, KW statistic 15.97 n=7 and no significant
difference . robustissim{r® p>0.05,W statistic 15.97 n=9.
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Figure 4.41 Ironleveld. robustissimit® andP. robustissimii®i non eaten species

P. guadrangulasamples had iron levelsaittalor slightly higher than the host leaf examples (Figure
4.42). The levels were low in all cases being only in the mcg/g range. There wé&re insufficie

guadranguldMCsamples from a single host tree to permit statistical comparisons.
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Figuret.42 Iron levelB. quadranguldwCeaterexamples
In Summary:

o Higher Si was observed in the physically moRe robustissimwamples.

0 K, Na, and Ca were detected at mg/g levels and were higjhguaddaegulasamples

0 S was higher at mg/g dried leaf leRelgnadrangulasamples and at mcg/g dried I€af.in
robustissimusamples.

o P, Zn, Cu and Fe, when detected PHoottuendrapecies were at mcg/g dried leaf levels.
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4.15 Phytochemical ResBl®radendraligests

4.15.1 Preliminary observat©olour

The colours of the freshly prepared mistletoe digests were distinetlydétkeamgulémest MC
digests were pale grdenrobustissimutigests had two differing colours according to the thustetree

from host LS being a much darKietealour, Figure 4.43.

P. quadranguldrem host tree Might green
—

P. robustissimumost tree TO (light brown

P. robustissimurost tree LS (dark brow

Figure 4.43 Examples tfpical colours of fresh digests, before filtration.

4.15.2 Lectin agglutination

Clear or coloured solutgyesnish (gr), brown gai yellow/pale greare seen in well8 {Table
419.

Table 4.19 Well plate schedulddotiragglutinatiores$ting and results for telgtaflligest

Positive control Negative control | Sample

1 2 3 4 5 6 7 8 9
plandigest 50ul 50ul| 50ul 50pul| 50ul| 50ul
PBS 50ul 50pl| 50ul| 50ul| 50pl| 50ul
rbc in PBS 50pl | 50ul| 50ul| 50ul| 50ul| 50ul

Results
Tabebuiachraceeaf| gr gr gr 0 0 0 o] 0 0
Luehea specioaf | gr gr |aor 0 0 0 0 0 0
Manilkara chidésaf gr gr gr 0 0 0 0 0 0
P. robustissimy@B1) | br br br 0 0 0 + + +
P. robustissim#87) | br br br 0 0 0 + + +
P. robustissimy@B4) | br br br 0 0 0 + + +
P. robustissimyfrtl) | br br br 0 0 0 + + +
P. quadrangulgfe?5) | paleyell/gr| pale | pale| © 0 0 + + +
P. quadrangulgé?) | paleyell/gr| pale| pale| © 0 0 + + +

Key- +agglutination is seen as a haze throughout the well, negative agmkgimtstiazentre of well.

A red spotwhich dispersed on gentle agitatisindicative of no agglutinatitm.evidence of
agglutination was seen in wél{ad plant digest) nor in the wllgligests of the host tree leaf). The red
spotwas morebvias inthe samples frdM quadrangulateecause of the paler colour of the incubated

solution.
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4.15.3nhibition of lectin activity

No agglutination or turbidity was observed in the absence of plant eiyegvifemrlfdant digest
was preserdgglutination was not inhibitednigndose (wells-12), but was inhibited lgaldctose
(wells B), (Table 4.20). The mixture of spot and turbidity was interpreted as partizahiNrilfitieltsby
9-10). This partial inhibition seen mayeatke lio an insufficient concentrati@aMNAdor complete
inhibition. The concentration of inhibitory sugars was deterninadwsireyelof ML are known to
vary with mistletoe species, host species and mistletoe(phecieiogh2006 Urectet al2009)

As with previous results interpretation was easi&. igudtdrangulasamples as the digests
exhibited much less darkening during the incubation period Fhanhiidtib&imsamples. The pattern
of reactivity is similathiat reported fgr albuniEifleret al.1993) A dgalactose specific lectin has been
isolated from the mistlet®lesradendrazalifornicurfEndoet al.1989) Phoradendrdiga(Varelaet al.
2004)rmnd the Argentinian mistleiparia cuneifo{leernandegzt al2003) All three report that these lectins
share epitopes with alounML1 which is inhibited lgaldctose. The results suggest the presence of
MLland 3. ML2 is inhibiteGdiNA@and ML3 is inhibited by bathlattose ar@dalNActerefore the

partial inhibition seen may be due to the presence of either ML2 or ML3.

Table 4.20 Well plate schedtdsults fanhibition of lectigglutination testing

Control Sample

1 2 3 4 5 6 7 8 9 10 |11 |12
plandigest 5Qul | 5Qu | 5Qul | 5Qu | 5Qul | 50Qu
d-galactose in PBS 5qul | 5qul 5qul | 5qu
GalNAc in PBS 5Qul | 5Qul 5Qul | 50u
D-mannose in PBS 5qu | 5qu 5Qul | 5qul
PBS 50pl | 50pl| 50ul | 50ul | 50ul | 50ul
rbc in PBS 50pl | 50p!| 50pl | 50ul | 50ul | 50pul | 50pl| 50ul| 50ul | 50ul | 50ul | 50ul

Results
P. robustissimy{B81) N N N N N N N N O+ |0+ |+ +
P. robustissim{87) N N N N N N N N O+ |0+ |+ +
P. robustissimyB84) N N N N N N N N O+ |0+ |+ +
P. robustissimym1) N N N N N N N N O+ |0+ |+ +
P. quadranguldfe5) N N N N N N N N O+ |0+ |+ +
P. quadrangulafes2) N N N N N N N N O+ |0+ |+ +

Key Ni no agglutinatior:agglutinatignU+ mixture of red spot and haze throughout the sattigibinhibition

4.15.4 Alkaloidcreening

All the aqueous digests producedtesezd with both reagents. No positive tests were observed.
These results suggest that the major classes of alkaloid compounds were absent in the agueous acidic
The results are summarised in Section 4.15.10, Tdbks 4.21

4.15.55aponin Sceaing

All the aqueous digests produced were tested. The duration of the foams ranged from <8 mins
mins suggesting the presence of saponins. Differing levels of saponins may have been responsible
variable duration of the foams. The itsan@sl seen in digests from both mistletoe species. This may
therefore be due to seasonal/phenological differences in leaf composition or leaf age. The resu

summarised in Section 4.15.10, Tablds22.21
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4.15.65elatine precipitation test

The gelatine precipitation method can be used for digests containing phepb&ootind non
components andcepable of detecting tannins at levels >30ug/ml in dest{iaberanaat al.1978)
The results are summarised in Section 4.15.4@, 7HbRP.

The results ranged fromr ateareaction, slight haze, opalescent and precipitate formed, Figure 4.
shows«++med hageCondensed tanninsT\@roanthocyanidinave a high affinity fiatgins with high
content of prolin@elatine caihs 18101% prolinendhas a highly spec#teucturally relateffinityfor
CTs(Hagermaat al.1981)Results suggest variable amounts ofPCfjuadrangulasamples and the

results fdp. robustissimeuggest much lower levels CT.

Figure 4.44 Example of a +++ positive gelatine precipit

4.15.Ferric chloride test

The ristletoe samples growing on two hogtrodesed varying degredsafn ogreen colours in
respose tdheferric chloride teas can be seen in Figure 4.45.

o 130, 141, 160, 170
- - kS
132 ”~ e )
. - - 173, 183, 195, 20;
173 (03 as pr-1]
' ‘J/ e
o xo
W

Figure 4.45 Spot plate showing examples of ferric chlor
173 and 183 growing on host LS. Samples 195, 201, 20ibatg2di® lgpst MC.

The mistletoe samples growing on two hogtrodesed varying degredsafn ogreen colours in
response to ferric chloride asstan be seen in Figure 4.45. MC and GU host leaf digest developed a p
green colour, LS hosif ldark brown and TO host leaf brownish, very little different from the colour
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mistletoe digesB. robustissimugnowing on LS produced digests that resulted in a transient green colo
which became dull green/brown and TO a dull brown/grele@ digiestis frofh quadrangulageowing

on MC upon adding the first drop of reagent produced a deep blue colour which after all the reagent t
added and the solution agitated produced varying depth of colour but all strongly greEn, Figure 4
guadrangulamgrowing on GU produced med/dark green colour similar to sample195 and 210. Hydroly
tannins (gallitannins and elagitannins) produce a blue/black colour and condensed-tieowins a greel
colour. In a digest mixture the variable peopdrimmividual constituents will impact upon the colour
formation e.g. where both types of tannin are present the initial colour may be blue which then change
greenEvans 2009b)

These results suggest that there are differences in theatygias ahd concentrations in the
mistletoe sampld3. robustissimudigest showing differences in result depending cappeat, to
contaimainhcondensed tanni®s quadrangulaesults suggestmixture of both types of tannin, possibly
with variable hydrolysable tannin levels contributing to the intensity of the green colour and
concentrations of hydrolysable tanninRhaobinstissimu@hlorogenic adids also been shown to have
a high binding capacity for igalic acid and protocatechuicaamtidompounds witlgalloygrougbeing
a stronger chelattitanthosebearing a cateclyobupA n d j eet ak 2006)The results are summarised
in Section 4.15.10, Tables4221

4.15.8&lavonoid screening

The brown of the digests produceB.froivustissimum both host trees made colour determination
problematic. The tests were repeated on the combined SPE élueotsidtmsimum overcome this

issue.

Results Addition of NAOH

TheP. quadrangulasamples growing on ti& pvoduced a deep yellow colour which was reversed
upon the addition of the Hilstwhose on ti#PE eluents frd robustissimymmoduced wery faint
yellow colour reactaso reversed by addition of TH3.test detects flavonols, flavonesynentnd
hydroxycinnamic acidsese compounds also give a pgsiterelic results for feeic chloride test
(Harborne 1989gjielding blue, green, brown or red coloeiresults indicate possible differences in

flavonoid contédncentratidm the two mistletoe species.

Results Addition of methanolicsAlICI

A variable yellow colour was produced in eluéhtquiemirangulasamples growing on ti@avid
theSPEeluents fro. robustissimuyproduced ao yellow colour. The method using aluminium chloride is
based on the formation of a complex between the aluminium ion, Al (lll), and the carbonyl and hydrox
of flavones and flavonols that produce acghlio@iPopovaet al.2004) The results for both tests are
summarised in Section 4.15.10, Tablds2221
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4.15.4V Induced Fluorescence

A bright blue/ violet blue coloured spot with dark outer ring was 3&amwastetength for
digestof P. quadrangulageowing on ®1Boththespot ananuch of theéarker ring became yellow/green
after ammonia exposure. This is characteristic of flavones/flavonols lacdihgradped-fure 4.32,
(Markham 198%However chlorogenic acid solution when exposed to ammonia turns yellow (Trease
Evans' Pharmacognosy 20@28Theyellow colour with ammoragthereforée due tanore than one
component.

The mistletoe samples from LS and TO produced dlgasitoal/drown spot with a faint bright blue
outer ring which did not change after ammonia fuming. This response is characteristic of flavonol ag
(Markham 198®Results are presented in Section 4.15.10, Tahlgg.4.21

4.15.10 Summary of phytemical screening results

Key fotest results
0 (gelatine test: +++++very heavy immediate ppt; ++++heavy immediate ppt; +++med haze v
without ppt ++ light haze; + slight haze with or without ppt.
o ferric chloride tédPale BrGPale brown/greentepresent darkness of colour green
o fluorescendeBrB bright blue; BVBright violet blue; diark, Dyb dull yellow/brown;-Y@ght

yellow green

Table 4.21 Summary of phytochemical screBnmogustissimwample$ host TO/LS

Sample - - : flavonoid | Fl spot at Fl spot i
no. alkaloid | saponin| gelatine | FeC} test 365nm ?uarinemd & NH3
136(TO) | - + Cr/trace | Pale BrG | weak Dyb/Brb ring | No change
144T0) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
161(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
171T0) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
184(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
189(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
196(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brhing No change
200(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
205(TO) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
209T70) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
214T0O) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | Nochange
134 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
159 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
169 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
182 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
199 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
208 (LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
138(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
141(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
160(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
170(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
176(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
194(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
204(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
213(LS) | - + Clr/ trace | Pale BrG | weak Dyb/Brb ring | No change
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Table 4.22(a)

Summary of phytochemical screBniogadrangulasample$ host MC/GU

. Fl t
ISamp alkaloid | saponin| gelatine| FeC4 flavonoid Fl spot at 3655rI13r(r)1 &
e no. test 365nm
NH fumed
Host MC 1 Control
125 - + ++ ppt | +++ dk green + both strong BVB/dk ring | BrBYG ring
130 - + ++ ppt | +++ dk greer] + both strong BVB/dk ring | BrB/YG ring
132 | - + +++++ | +++++ v dk g + both strong BVB/dk ring | BrB/YG ring
147 | - + +Itppt | +Itgreen + both strong BVB/dk ring | BrB/YG ring
155 | - + ++ ppt | ++ med gree| + both strong BVB/dk ring | BrB/YG ring
165 | - + ++++ ++++ dk gr | + both strong BVB/dk ring | BrB/YG ring
178 | - + ++ +++ dk greer| + both strong BVB/dking | BrB/YG ring
195 | - + ++ ++ med gree| + both strong BVB/dk ring | BrB/YG ring
201 |- + + It ppt | ++ med gree| + both strong BVB/dk ring | BrB/YG ring
210 |- + ++++ | +++dkgr | + both strong BVB/dk ring | BrB/YG ring
221 | - + ++ +++ dk greer| + both strong BVB/dking | BrB/YG ring
225 |- + ++ +++ dk greer| + both strong BVB/dk ring | BrB/YG ring
Table 4.22(b) Summary of phytochemical screEnogadrangulaample$ host MC/GU
ﬁgmple alkaloid| saponin| gelatine| FeC} IEIS\/tonOId gggﬁ% at ZI ,flf;}ﬁsfgén
Host MC21 Control
127 i + ++ +++ dk green | + both strong BVB/dk ring | BrB/YG ring
139 - + + It ppt | +++ dk green | + both strong BVB/dk ring | BrB/YG ring
146 - + trace + It green + both strong| BVB/dk ring | BrB/YG ring
156 - + ++ppt | +++ digreen | + both strong BVB/dk ring | BrB/YG ring
166 - + + It ppt | ++ med green| + both strong BVB/dk ring | BrB/YG ring
179 i ¥ + It ppt | ++ med green| + both strong| BVB/dk ring | BrB/YG ring
191 - + ++ ++ med green| + both strong| BVB/dk ring | BrB/YG ring
198 - + +++ +++ dk green | + both strong| BVB/dk ring | BrB/YG ring
207 - + ++ ++++dk gr + both strong BVB/dk ring | BrB/YG ring
Host MC76 Control
148 - + + It ppt | ++ med green| + both strong BVB/dk ring | BrB/YG ring
157 - + trace | +ltgreen + both strong BVB/dk ring | BrB/YG ring
180 - + + It ppt | ++ med green| + both strong BVB/dk ring | BrB/YG ring
186 - + +Itppt | ++ med green| + both strong| BVB/dk ring | BrB/YG ring
202 - + + It ppt | +++ dk green | + both strong| BVB/dk ring | BrB/YG ring
211 - + +1It ppt | ++++dk gr + bottstrong | BVB/dk ring | BrB/YG ring
226 - + + It ppt | +++ dk green | + both strong BVB/dk ring | BrB/YG ring
Host MC4 Eaten
153 - + +++ ppt| +++ dk green | + both strong BVB/dk ring | BrB/YG ring
175 - + ++ + It green + both strong BVB/dk ring | BrB/YG ring
216 - + +++ppt | ++++dk gr + both strong BVB/dk ring | BrB/YG ring
217 - + +++ppt | +++ dk green | + both strong BVB/dk ring | BrB/YG ring
Host MC2 Eaten
151 - + + It ppt | ++ med green| + both strong BVB/dk ring | BrB/YG ring
154 - + +++ ppt| ++ med green| + both strong BVB/dk ring | BrB/YG ring
187 - + + It ppt | ++ med green + both strong BVB/dk ring | BrB/YG ring
215 - + + It ppt | ++++dk gr + both strong| BVB/dk ring | BrB/YG ring
220 - + + It ppt | ++++dk gr + both strong BVB/dk ring | BrB/YG ring
224 - + +ltppt | ++++dk gr +both strong| BVB/dk ring | BrB/YG ring
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Table 4.22(c)

Summary of phytochemical screBniogadrangulasample$ host MC/GU

Sample . . . flavonoid Flspotat | Fl spot 365nm
no. alkaloid | saponin| gelatine| FeC} test 365nm & NH3 fumed
15 + ;;t* tHdkor | pothstrong | BVBIdk rind BrE/YC 1ing
116 - + + ++ med greel + both strong BVB/dk ring BrB/YG ring
150 - + + It ppt | ++ med greel + both strong BVB/dk ring BrB/YG ring
174 - + +++ ppt| ++ med greel + both strong BVB/dk ring BrB/YG ring
219 - + ++ ++ med greel + both strong BVB/dk ring BrB/YG ring
Miscellaneous MC hosts Eaten

113 - + ++ ++++dk gr + both strong BVB/dk ring BrB/YG ring
114 - + ++ +++ dk green| + both strong BVB/dk ring BrB/YG ring
121 - + +lt +++ dk green| + both strong BVB/dking | BrB/YG ring
122 - + +It ++ med greel + both strong BVB/dk ring BrB/YG ring
152 - + ++ ppt | ++ green + both strong BVB/dk ring BrB/YG ring
163 - + ++ ++++dk gr + both strong BVB/dk ring BrB/YG ring
177 - + ++ + It green + both strong BVB/dk ring BrB/YG ring
188 - + ++ ++ med greel + both strong BVB/dk ring BrB/YG ring
206 - + ++ + It green + both strong BVB/dk ring BrB/YG ring
223 - + ++ ++ med greel + both strong BVB/dk ring BrB/YG ring
Host tree GU

Host No change
140 - + clear + It green V palgrellow | Pale blue

164 - + clear ++ med greel Pale yellow | Pale blue | No change
197 - + clear ++ med greel Pale yellow | Pale blue | No change
115 - + ;;t* ++++dk or +bothstrong | BVB/dk ring BrB/YG ring
116 - + + ++ med greel + both strong BVB/dk ring BrB/YG ring

The fluorescence result® faquadrangulaaee suggestive of phenylpropanoids with caffeoyl groups,

flavones and glycosyl flavones.

Caeroviet al (1999) and Tattati al (2004) report that several factors including species, growth
conditions, leaf temperature, water status and nutrients status can strongly infindncedthe UV
fluorescence emission as all these factors influence the accumulation of flavoxyittsnanthtealin
leaves. Thus both host and mistletoe status will determine content and quantities of such comyg
Hydroxycinnamic acids, which exhibit blue fluorescence (BF) are shown to accumulate in leaves with &
levels of BF are associatiélul mitrogen (N) deficiencies in plants. Jehaf{d®97), working in Costa
Rican tropical dry forest, showed that it was potentially a N deficient habitat. Nitrogen was concentrate
litter, which was only very slowly decomposed and dg leasteasin the high rainfall of the wet season,
leading to low nitrogen availability. There are a range of potential candidate compounds which exhit
patterns of fluorescence, includdl Havones/flavonols agtydosides e.g. apigeninianglycosides
(Harborne 1989%md the phenylpropanoidaffeoylquinic acideBuloylquinic acid, caffeoylglucose and

feruloylglucose. Phenolic acids and derivatives have been isolated from other species of mis

(Luczkiewiezt al2001)themajor component being chlorogenic acid and its glycosides.

In Summary

0 Lectin activity suggests Ml, Il and Ill present.

0 Absence of alkaloids and presence of saponins and phenolic compounds

o Mistletoe species differences in hydrolysable and condesisantl thosinree induced differences

in types present

o Potential presence-@#3 flavones/flavonolglytosides and phenylpropanoids
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4.16. Comparison of UV Characteristics aqueous digests

The initial UV data is presented for examples from eackpe@stdstaad host tree combination.
Where host leaf samples were obtained the spectra have been included for comparison. The value:
wavel ength of t hparelihtludedpodllastrateaHe vanedion in tha safhpdes.

0.80 - \ ——Host leaf TO 50 0.60- g:mg:g g?
Sample 144 0.50 - Sample 184

© 0.60 - Sample 161 8 ——Sample 189
S Sample 205 %0.40 8
@ ‘ 3
o] = 4
S 040 \/\ 50.30
3 \\ 20.20-
= .

0201 \ oo

0.00 T T T —
0.00
220 260 300nm 340 380

220 260 36% " 340 380
UV spectrarfB. robustissimuhost Tree TO

Figure 4.46 UV spectra for host leaf and example®biistissimlmast TO

Table 4.23 Spectral maxini,robustissimutigest, host TO 50

Sample Id| nm. Abs.
Host TO 5( Shoulder 27677, should827

144 279 0.332
161 280 0.5282
205 279 0.3719
136 279 0.3952
171 280 0.3971
184 280 0.3881
189 280 0.3148

P. robustissimwamples differ from host leaf TO in that the spectra have no shoulder in the 32

region, and have distinct spectral maxima&QargiqFigure 4.46, Table 4.23).

UV spectrarfB robustissimiiost LS

1.20 ——Sample 138
——Host leaf 0.80 ——Sample 160
o 1.007 LS 49 © —— Sample 173
- (8]
% 0.801 Sample 170 = 0.60
£ 2
§ 0.60 Sample 141 § 0.40 -
Qo
< 0.40 - <
0.20
0.20
OOO T T - T 000 T T T T T T 1
220 260 300 340 380 220 240 260 280 300 320 340 360
nm nm
Figure 4.47 UV spectra for host leaf and examBle®biistissimlmast LS

Figure 4.47 and Table 4.24 illustrate the similarities Ritihobuk&ssimi® samples of the
spectral maxima. The absorbance varied with sample 160 (0.6822) the lowe4Batite18gHO$13
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robustissimusamples differ from host leaf LS having no shoulder in the 327nm region, Figure 4.47.

Table 4.24 Spectral maxini, robustissimuligest, host LS

Sample Id| nm. Abs

Host LS 4¢ 280nm and shouldery 0.5066
141 280 0.5319
170 281 0.9824
138 278 0.6695
160 278 0.6822
173 278 0.7426

The digests were all prepared using 500mg + 10mg of dried leaf and digested using the same vo
acidified water. Samples were all diluted in the same manner using volumetric flasks before obtaining
The absorbance values can therefore be usaketcomparisons. The data suggests that LS samples
contained higher concentration of components absorbing-281the 2&giof. robustissimils
digests were a darker brown colour than thassbostissimlirD, Figure 4.43. Table 4.10, Sdobién
lists the types of compounds with significant absorbance in this region.

During phenol oxidatiaqueouscidic solutions becomdark brown cai@nd the compounds
responsible for the colour ch@agrchol, resorcirojdroquinongquinhydronesnd benzoquinonesg
associated with increased tajitijgngost al2006)Nonrenzymatic browning may be due to the formation

of Btype procyanidins frgtfrcatechin ang-Epicatechimolecule€Sunet al2003).

UV spectrarfB. quadrangulaftdost tree GU

The mistletoe growing on GU was identfiepladrangulatbe spider monkeys have been seen to
eat mistletoetimes from this host. Both host tree and mistletoe had very little leaf material and so we
included irhé regular collection. The results are included to illustrate the effect of host olPUV spectre
guadrangula(€igure 4.48able 4.25).

1.0 - —— GU host leaf
: Sample 140
——Sample 164
0.8 —— Sample 197
3]
c
8 064
o
2 o4-
2 0
0.2 1
0.0 ‘ ‘

220 260 300 340 380 420

Figure 4.48 UV spectra for host leaf and exampleguaidranguldrestGU

Table 4.25 Spectral maxinia,qadrangulamigest, host GU

Sample Id | nm. | nm.
GU host leg 275 | 333/4

140 273 327
164 277| 336
197 275 333/4
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Figure 4.48 and Table 4.25 illustrate the similarities between the GUPhagiaaindripelssamples.
The UV spectral maxima for these samples encompass several classes of phenolic compounds Table -

Table 4.26 Spectral maxima, phenolic compounds (Harborne 1989a)
Class/ compound Spectral maxima | Class/ compound Spectral maxima
Simple phendi 266295 flavones 250270 | 330350
Phenolic acids 235305 flavonols 250285 | 320385
Hydroxycinnamic aci 227245 | 310332 | apigeni#8-Cglucoside| 270 336
flavanones 275290 | 316330 | apigenkT-O-glucoside| 268 333
OH
OH
Ho o sugar

HO (0]

sugar
OH o
OH o

Figure 4.49(a) Structure apigeifirC-glycoside and Structure apigedglycoside

sugar

Qi

OH (0]
Figure 4.49(b) Structure apigein®lucoside

Spectral maxima at 270 and 333nm are reported for two gpigesie®S;b-glucopyranoside
and apigentiC-b-glucopyranosid@ohammeet al.2014) Several apigenin C angly©osidef~igures
4.49ab) have been identifie®Plwradendrapp.(Dossajet al.1983, Harvakt al.1984, Varelet al.

2004)

UV spectrarfB. quadrangulétest MC1 and MERg&gular collection

Host MC1 lee
1.6 4 ? Host MC1 le: 1.6 (Jun 07)
(Jun 07) Nov-07
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220 260 ﬁg{) 340 380 420 220 260 300 nm 340 380 420

Figure 4.50(a) UV spctra for exampRsquadrangulaaad host leaf MC1

Figure 4.50(a) shows the UV spectra for regular collEctiunsd@ngulaICl, including an
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example from host tree leaf. The spectra illustrate the spectral similaritie3Huetwieadriaad the

host leaf. Absorbance of the host leaf was higher than Binatrafl¢enerafigests. Table 4.27 lists the
spectral maxima. It is accepted that the UV spectra obtained are as the result of a mixture of constitu
the spectra do show dsiracy in absorbing wavelengths but with variable levels of absorbance. T

variation may be due to mistletoe/host seasonal variations or mistletoe leaf age.

1.6 - Host leaf
MC21Jun 07 i
— — = Jul-07 1.60
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Figure 4.50(b) UV spectra for examplda guadrangulaaad hosebf MC21

Figure 4.50(b) show the UV spectra for regular collectioasiaingul&veC21, including spectra
for host tree leaf. Samples collected in Jan, Feb and May 08 show greater variations in the comj
absorbing in 3B85nm range (Table 4.27). Thesetra have less pronounced maxima in this region,
classed as a shoulder. The maximum absorbance values were in some samples greater than the host
this is different from Host tree MC1 data.

Table 4.27 Spectral maxima HostRnguadranguldrem MC1/MC22

Id/date nm | Abs nm | Abs Id/date nm | Abs. nm | Abs
Host leaf MC| 282| 1.5441 | 320 | 0.7808 | Host leaf MC2] 282 | 1.0248 | 322 | 0.3109
Jun07 282| 1.4820| 324 | 0.6224 | Jul07 282 | 1.0798 | 321 | 0.4714
Jut07 282| 0.9966 | 325 | 0.4948 | Aug07 281 | 1.0380 | 323 | 0.3325
Aug07 282| 0.8463| 320 | 0.4487 | Sep07 282 | 1.0248 | 321 | 0.3109
Sep07 282| 1.0058| 321 | 0.5934 | Oct07 282 | 1.0746 | 319 | 0.3582sh
Oct07 282| 1.1907| 320 | 0.6137 | Nov07 281 | 1.3054 | 320 | 0.3703
Nov07 282| 1.0256 | 321 | 0.5062 | Jan08 281 | 0.8217 | 318 | 0.1619sh
Feb08 282| 0.7843 | 322 | 0.2818 | Feb08 281 | 0.8651 | 318 | 0.1811sh
Apr08 282| 1.0069| 317 | 0.4269 | May08 281 | 1.4692 | 318 | 0.4463sh
Jul08 282| 1.4835| 321 | 0.4487

Sep08 282| 1.4000| 318 | 0.4867

Oct08 282| 1.0202 | 321 | 0.3815

Many classes of componentscordyibute to the absorbance betwe@28@bn (Tables 4.10 and
4.26). The variation in the wavelength and the absorbance valu825niiheaBibjés suggest variation in
the components within these samples, which contribute to the absorbaaedeatgtiesseédveomparison
of the spectra for mistletoe growing on host TO/LS (TFaldd3 wizBthat from host MC (Table 4.27)
highlights that there is a major phytochemical difference between both the Rbstadendtirire
species. There is atspapparent difference betWeguadranguldrem host GU (Table 4.25) and MC
(Table 4.27). In the latter case the BanB85B2() spectral maxima has increasedafnmlerhis
suggests a higher component of flavonoid type confhogunatdréamtaurd GU samples (Table 4.26).
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UV spectrarfB. quadrangularellectedt time of eating

by the monkeys Figure 4.51. However the concentrations of the constituents contributing to the UV s

are variable. Absorbance in th@82f8n range shows the greatest variation, this absorbance may als

There is a high level of consistency in the UV signaturd*fayuatithegulesamples consumed

result from the presenceitbier the phoratoxins or mistletoe leddinguadrangul&vCsamples. The

phenology of the host and mistletoe plants was not recorded and it was not possible from the dried s:

determine the age of the mistletoe leaf.

Mistletoeebfsenescence and abscission occur in the summer, when the metabolic activity of the

has reached its maxin{8chradefischeet al.1993) The sulphuich viscotoxin/phoratoxins are the only

leaf proteins recycled by the mistletoe plants and tignisegisewill decrease prior to ledClalsier

1983)
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Figure 4.51 UV spectr® fouadrangulaad hosamplesollected as eaten.
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In Summary
0 There were detectible differences in the UV signaturesbibttael éndrapecies
o Theravas a difference in the signatureRfdbadrangulagewing on GU and MC host trees
o All of the samples growing on the host MC trees appear to have similar constituents but there |

variation in individual components each month or between MC hosts

4.16.1UV spectra in presence of shift reagents

Shift reagentsereused tattempt tdifferentiate between different phenylpropanoids and flavonoids
potentially present in the digests, Section®é.8ierpretation of the shift data inréiteréteclates to

individualompounds, whilst the data presented relatéduosst compounds.

Response &% robustissimutigests to Na acetate (NaOAc)/boric:B€x) (H

Sample 170

0.80 ——Sample 161

+ Na acet
+ Na Acet

o

o2}

o
1

+ Na acet + Boric
acid

+ Na acet+ Bo
acid

Absorbance
o
»
o
Absorbance

o
hN)
o

1

o

[¥)

o
1

0.00 T T \ \ 0.00

240 280 320nm 360 400 240 280  3200m 360 400

Figure 4.52 UV spectra NaOAc/barit agidistissimumost tree TO aRdrobustissimurost tree LS

P. robustissimutigests show no shift in Band {28350n) in response to the NaOAc reagent but an
increase in intensity and a small bathochromic 3nm shift (i.e. the shift of a spectral hemdits]ower freq

longer wavelengths) with the additigBefFgure 4.5 he shifts may give some indication of functional

groups present in the major components contributing to the UV spectra.

Response & quadrangulatigests to Na acetate (NaOAc)Amidi (KBQ).

Sample 197
0.80 + Na acet
© 0.60- + .Na acet + Bo
c acid
<
2
2 0.40 1
e}
<
0.20
0.00 ‘ ‘ : ‘
220 260 300 340 380 420

nm

Figure 4.53 UV spectra NaOAc/bait geigdranguldrest/GU, Sample 197

P. quadrangul&& digest, Figure 4.53 shows no shift of Band Il with NaOAc but a small hypsochr
shift from 3329nm with the additionsBOH (i.e the shift of a spectral band to higher frequency or shorter
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wavelength). There is also the possible appearance of a shoulder at ~285nm. The lack of shift of Bar

NaOAC suggests there is nof¢¢ group, potentiallygytoside flavonoid coumul.
The effects of the shift reagent are more obvious in the di@essaffanguld®C host tree

Figure 4.54.

1.6

=
N
1

Absorbance
o
o]
1

—— Sample 165

+ Na acetate

+Na acetate +
boric acid

Absorbance
o
oo
1

Sample 201

+ Na acet

+Na acet + bori
acid

0.4 0.4 -
O . . - O T T T ml
230 280 oy 330 380 430 230 280 330 380 430
1.6 1 —— Sample 121 161 Sample 152
+ Na acet
121 + Na acetate 12 —— Na acet + boric ac
8] [}
5 +Na acetate + ©
Q . . ®
8.8 boric acid ]
@ I}
2 2
< <
0.4 4
O.o T T T T 1 0.0 T T T T 1
230 270 310 350 390 430 230 270 310 350 390 430
nm nm
1.6 ——Sample 220 —— Sample 222
1.6
+ Na acetate
+ Na acet
1.2 g
8 c 127 +Na acetate +
s + Na acet + Bc g boric acid
€08 acid S
§ 0.8 é 08
<
0.4 0.4 -
OO T T T T O T T
230 270 310 350 390 430 230 280 330 380 430
nm nm

Figure 54 UV spectra NaOAc/boridRagidadrangularaten leaves

Addition of boric acid produces a small bathochromic shift with increased intensity of Band I
bathochromic shift of -888m Band | (3285nm). This is suggestive of B-aiH groups, (Figure 4.53
4.54(ec), Table 4.28). Howevdihgdroxycoarins also give a bathochromic shift with BB@Ac/H

(Ibrahinet al1989)
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Table 4.28 Response & quadrangulatigests to Na acetate (NaOAc)/boricsB¢x) $Hift reagent,
(* bathochromic shifts)

ID | reagent Shift Band I| Shift Band | ID | reagent Shift Band I| Shift Band |
165| NaOAc 282 nlc 320 Y% | 152| NaOAC 282 n/c 320Y%
+boricaci{ 282Y2§321Y% +boricaci{ 282Y2§321Y%
201| NaOAc | 282 n/c 318Y%|220] NaOAc | 282nlc 318YVY"%
+boricaci{282Y2§321Y% +boriacid| 282 Y2 §321Y%
121| NaOAc | 282 n/c 320 Y% |222| NaOAc | 282nlc 320VY%
+boricacil 282VY"2 §321Y% +boricacil282Y28321Y%8

Response &f. robustissimutigestso AIGIHCI shift reagen

Aluminium forms stable complexes -kethS5#ydroxyl and 4 k&thydroxyl groups with a
bathochromic shift and an acid labile complexontitiechinydroxy groups present in flavéiaiddham
1989) The presence of the latter is seen as a loypiosiift upon the addition of ti#eiRham 1989)

0.8 1 ‘ —— Sample 161 0.8+
—— Sample 170
8 0.6 — rAd 306 — +Ad
— c
‘,; +AlGH+ HCI g + AlGH+ HCI
2 0.4 204
< <
0.2 0.2 -
O-O T T T T 1 0.0 . . . - ‘
nm nm

Figure 4.55 UV spectra/NICIP. robustissimurast TO and LS.

ThePhoradendratigests from TO and LS tiéfetr (Figure 4.55) showif@ram shift Band 1l with
AlC{ reversed by addition of HCI for Pr/LS. This indicates there w&thorfpes$bly @D5 and -6
prenyl groupMarkham 198®igure 4.56. Alsedibydroxycowamns exhibit a bathochromic shift with AICI
(Ibrahinet al1989)

Figure 4.56 a prenyl group (* attachment point)

Response & quadrangulatgests to AHHCI shift reagent

The response fBr quadranguldrvest GU, Figure 4.57 shows a comple responsevith A€l
appearance of shoulders at 303 and 388nm and bathochromic shift of Band 1 from 333 to 344 uj
addition of ACI
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Figure 4.57 UV spectra AYEICIP. quadrangularest GU.

These changes are not reversed by the addition of HCI. The Band-3&hihaUgg@ests that
neither A or B ring corainediOH groug®larkham 1989)

The response to AlZds broadly similar in the majority ofrtplesaested, all weakly showing a
shoulder suggestive of a bathochromic shift of Band | as shown by the examples. Higaressitist a
the complexity seen in the digesPfagmadrangul&Bt) digest. Sample 152 (Figure 4.58b) illustrates a
furher possible difference in constituents in the region b&@dxen240
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Figure 4.58a UV spectra AEICIP. quadrangulaEentrol tree.
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Figure 4.58b UV spectra AKEICIP. quadrangulazaten samples.
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UV spectra AIEICISample 11B. quadrangul&w#C9 eaten (April) Sample 150 (August).

There is still a suggestion of a hypsochromic shift reversing the effect upon the addition of HC

when present is indicative of the preserdibyafroxy groups and the magnitude of the shift suggests the

group is positioned on the B ring (Harborne 1989). This would be consistent with apigenin or its gly
Figure 4.494. This is a compound which has been identifie@®homeitiendrapeciegDossajet al.
1983, Varekt al2004)
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Figure 4.58e UV spectra/AICP. quadrangul&WC1 Sample 125 not eaten (May) Sample 222 eaten samples

(Sept).

Howeer there were samples which showed more limited responBegyuoeME8€). These

included both eaten and non eaten samples from more than one host tree. The samples from MC9

and August and host MC1 are from May and Septembethathinenegare variations in constituents
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within the samples eaten and it is not necessarily related to differences in host tree. Where seen the re
the AlGlwas abathochromshift of Bandrom 319/320nm to a weak shoulder featur8G@ne&his

shift is not well defined suggesting that there are multiple components within the mixture.

4.16.2 UV comparison of effect of digestion with geophagy material

Figure &9illustrates the effect on the UV spectra when digested with geopimaggriedmpiere
is a reduction in absorbance at 280nm ~ 37% (Sample 161TO) and ~ 46% (Sample 170LS). These
suggest that there would be a reduetiypatential toxicity associated with compounds whidbdcontribu

to the absorbance at 280rinrimbustissimum.

The following UV spectra are representative of all those defmoradenidmiigests
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Figure 4.59 UV spectr@. robustissimirock digest /host L@laQ
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Figure 4.60(a) UV spectrB. quadrangul&geophaggligesteaterieaves/host MC.
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Figure 4.60(b) UV spectrB. quadrangul&geophaggligest eaten leaves/host MC.

There isninimal reduction in the absorbance valu®s guimirangulasedigested in the presence
of the geophagy material, Figure 4.60a. Thesmallenecreases in absorbance at 280nm in Samples

181



153/220 Figure 4.60(b) and absorbance 323/325nm in Samples 150/151 Figure 4.60(a), variable respac

In Summary

o

The UV digest spectra indicate that there are differences in the principal tbendiifestistéam

the twd’horadendra@pecies.

The digest spectra suggestPthabbustissimusamples have negligible levels of aqueous soluble
flavonoids or related compounds.

The inferences are supported by the behaviour of the mistletdeedipdstesgents.

There was no detectable adsorption of constituents following Higgstidranguldesaf with
geophagy sampl e. The pasuwgesttheaelmay be anrineraasesl n i r
constituents released from the leaf

There was a reduction in absor bam&ferthéPol | ow

robustissimudigests, suggesting adsorption by the geophagy material.

4.17. Microbiological testing

4.17.1Preliminary microbiological screenistjetbmidigests

Table 4.29 Results of preliminary antibacterial testing
Sample | Hosttree | B. cereus | B. megaterium| B. subtillis S. aureus | E. coli
no. NCTC 6474 NCTC 5635 | NCIMB 8954 | NCTC 6571 ATCC 8739
host leaf samples
107 LS N N N N N
118 LS N N N N N
109 TO N N N N N
124 TO N N N N N
102 MC N N N N N
104 MC N N N N N
126 MC N N N N N
128 MC N N N N N
PhoradendroBamples
169(Pr) LS N N N N N
134(Pr) LS N N N N N
141(Pr) LS N N N N N
158(Pr) LS N N N N N
176(Pr) LS N N N N N
131(Pr) TO N N N N N
137(Pr) TO N N N N N
162(Pr) TO N N N N N
103 (Pq) | MC ++A A ++A +++A A
125 (Pq) | MC ++A A ++A +++A A
132 (Pg) | MC ++A A ++A +++A A
139 (Pq) | MC ++A A ++A +++A A
146 (Pq) | MC ++A A ++A +++A A
151 (Pq) | MC ++A A ++A +++A A
152 (Pq) | MC ++A A ++A +H+A A
165 (Pq) | MC ++A A ++A +++A A
174 (Pq) | MC ++A A ++A +++A A
187 (Pq) | MC ++A A ++A +H+A A

Keyi P. robustissimyfr);P. quadranguldifeq); N no measurable activity ativity < 2mm; ++Ar@m, +++A

activity > 4mm ZI.
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A well of eactiffusion plate was used as a control, it contained the appropriately treated ¢
reconstituted digest fluid, no Zone of Inhibition (ZI) seen with gastric media or pH2 deionised water.

The results fd. coliwere consistently less than 2mm ZI, thistgategeblems for accurate
measurement, and therefore as this work was only intended as an indicator of biological activity «
limitations of sample. coliwas not used in further investigations. There were three samples of
quadrangularehich exibited weak activity agaé@ngnarcescermndP. vulgarjsSamples 139, 174 and

187.The remaining results are summarised in Tables 4.29.

Figure 4.61 is an illustration of ZI and variation of colour and extent of the digest diffusion fo
incubatian ZI for MC host leaf Samples 102/128 RLeftjadranguldwC (Centre) anB.
robustissimub® (Right).

Figure 4.61 Examples of plates with ZI and colour v

Figure 4.62 Plate (a) illustrates differences in ZI of two MC host leaf digests (162aae(6)128) and
digests (156, 157) agadhstureus?late (chas no visible ZI. These images also illustrate clearly the colout
variations encountered withiffieeetht digests.

B. cereuander the conditions used did not produce a visually dense growth or a clear sharp edge
Zl in the agar making measurement probldraatmainder of the work Bsedblis, NCIMB 8054 and

S. aureuBICTC 6574s these organisms appeared the most sensitive.

4.17.2Antibacterial activitfPbbradendraigests

4.17.2.1Activity againBt subtilis

There was a low level of activity Mattitkara chiq®IC) host leaf. No activity was detected in the
otherhost leaves (Table 4.29).

Irregular partial ZI,
obvious colonies visibl

Sample 176
Host LS
Figure 4.62 lllustration ZB. subtilis digest Sample 1P6robustissimihost LS
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P. robustissimuon both host trees, showed lower amount of bacterial inhition tiZd zone
edges were irregular/raggy and there was a sm
Zl generated By quadrangul&C host had sharp ‘defined margins, clear ZI with no sign of growth,
Figure 4.63. The zone sumsounded by an area where the agar was granular and this gradually became
obvious until it became the general culture in the plate. This is suggestive of bacteriostatic/bacteriocida
There was no resumed growth if the plates werel ifmubafigrther 36 hours, suggesting bactericidal

activity.

Crisp edge to ZI, no
colonies seen in ZI

Figure 63 ZIB. subiilidigesP. ql;adrangulﬂm host

P. quadrangulageowing on host tt@aazuma ulmifoligure 4.64 had an initial clear ZI but there
was recolonisatiohhis recolonisatiois usually considered to be due to colony formation by mutant
organisms showing resistance to an agent. These differences suggest there is more than one
responslb for inhibition of growth involvedindhadranguldrem hosts GU and Méfdigess, as the
bacteria show differenpoeses to each type of digest. GU host leaf digequadchngul&B) digests
did not colour the agar green or browd #e dther digests, Figure 4.60 andTleb4esults are
summarised in Tabl&9dc).

Initially crisp ZI boundary to ZlI, bt
recolonised

Figure 4.64 lllustrating ZB. subtilis digest Sample 197 ,quadranguldrest GU

Table 4.30(a) Summary Measured’Zkobustissimumulturdd. subtilis

Host TO Host LS 20
ID Zl mm ID Zl mm ID Zl mm ID Zlmm
136 1.44 189 1.82 134 N/A 141 <lmm
144 1.55 196 1.98 159 N/A 160 N/A
161 1.59 200 1.04 169 N/A 170 N/A
171 1.47 205 1.40 182 N/A 176 2.04
173 1.37 209 1.46 199 N/A 194 2.05
184 2.24 214 202 208 N/A 204 2.08
138 <Ilmm 213 2.02
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Table 4.30(b) Summary Measured”Zlguadrangulareulturdd. subtilis

Host MC1 Host MC21 Host MC4 Misc MC hosts
ID Zlmm | ID Zl mm ID Zl mm ID Zl mm
125 3.95 127 | N/A 129 4.29 113 3.89
130 5.05 139 | 3.89 153 3.26 114 451
132 421 146 | 2.56 175 2.71 121 3.98
147 3.32 156 | 3.35 188 2.63 122 N/A
155 3.04 166 | 3.18 216 4.65 152 2.98
165 3.16 179 | 3.08 217 3.08 163 3.84
178 3.52 191 | 1.57 177 2.66
195 3.19 198 | 2.89 188 3.27
201 2.64 207 | 4.31 206 2.74
210 4.50 223 3.04
221 3.40

222 3.95

225 3.82

Host MC76 Host MC2 Host MC 9 Host GU

ID Zlmm | ID Zl mm ID Zl mm ID Zl mm
148 2.32 151 | 3.06 115 4.46 140 0.71
157 1.95 154 | 2.84 116 3.19 164 1.34
167 0.94 187 | 2.66 150 3.08 197 1.49
180 2.29 215 | 2.28 174 3.25

186 2.62 220 | 2.62 219 4.23

202 3.05 224 | 2.87

211 3.16

226 2.86

Table 4.30 (c¢) Summary Measured®Ztjuadranguladégest$ cultures. aureus

Host MC1 Host MC21 Host MC 4 Misc MC hosts
ID Zlmm | D Zl mm ID Zlmm ID Zl mm
125 5.74 127 | N/A 129 10.3| 113 6.06
130 9.12 139 | 7.96 153 7.32| 114 7.18
132 6.82 146 | 9.30 175 8.56| 121 9.50
147 6.30 156 | 7.31 216 10.34| 122 N/A
155 5.92 166 | 6.28 217 6.78| 152 6.32
165 6.98 179 | 6.12 163 9.81
178 7.04 191 | 551 177 4.78
195 5.38 198 | 8.44 188 6.54
201 5.76 207 | 10.74 206 | 10.12
210 9.94 223 | 6.64
221 9.66

222 9.74

225 9.36

Host MC76 Host MC2 Host MC9 Host GU

1D Zlmm | ID Zl mm ID Zl mm ID Zl mm
148 6.40 151 | 6.51 115 9.92 140 0.68
157 5.14 154 | 8.26 116 15.24 164 N

167 3.98 187 | 9.04 150 8.31 197 0.52
180 1041 215 | 7.18 174 10.02

186 7.46 220 | 8.76 219 7.36

202 8.56 224 | 10.02

211 8.06

226 6.98
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4.17.3Antibacterial activity geophagy digests and combined digests.
Direct application of geophagy sample to seeded:agar plate

The geophagy material was carefully removed from the plate to permit viewibhgxusihgra light
was an area with less densBy siibtiliandS. aureusnder the geophagy sample, but it was not possible

to quantify the possible change observed.

Incubation with geophagy digests:

There was no measurable ZI seen with geophagy digests from Sites 2, 6, 8, 9 and 10 at either 1¢
the higher 2g/8ml digests prepared with any of the three test organisms.

Combined digests

In order to permit diminparison of the effect of combined digestion the leaf and combined dige
were prepared as a single batch and tested against the same sample of bacterial organisms. This ens
the samples were tested against similar numbers of viable cagangdenbatch of prepared agar plates
and were incubated as a single batclB.usufgjliandS. aureuglable £1) B. subtiliias selected as it
had shown some response to direct application of the geophagySseaupdeisndt had the gtea
inhibition witR. quadrangulasdone.Sufficient material was availahMilise14 plate wells for each
samplelt was decided to use geophagy material from a single eating Site 10, as this was from a

collection and would have a greateeddgample uniformity.

Table 4.31 Result®. quadrangulégeophagy digests BitlsubtiliS. aureus
Mean ZI mm| Mean ZI mrA. Mean ZI mm Mean ZI mi.
Host | ID P.. quad guaddigest+ Host | ID P. quaddigest | quad digest+
digest geophagy geophagy
material material
S. aureus
MC1 | 132 6.39 6.59 MC9 | 150| 5.89 6.17
MC1 | 195 5.64 5.94 MC9 | 219]| 6.23 6.76
MC21 | 156 6.56 6.95 MC2 | 187 | 8.76 5.37
MC21 | 207 6.31 6.85 Misc.| 206| 5.74 6.01
MC76 | 148 5.74 6.47
MC76 | 180 8.05 8.35
MC4 | 153 5.63 6.01
MC4 | 217 5.92 6.17
B. subtilis
MC1 | 132 4.22 4.31 MC9 | 150| 2.98 3.09
MC1 | 195 3.10 3.24 MC9 | 219| 4.17 4.26
MC21 | 156 3.40 3.51 MC2 | 187 | 2.59 2.69
MC21 | 207 4.15 4.29 Misc.| 206| 2.61 2.72
MC76 | 148 2.25 2.76
MC76 | 180 2.20 2.69
MC4 | 153 3.18 3.24
MC4 | 217 2.99 3.14

A 2tailed Manrwhitney test was performed, in both cases the P value was >0.05. The differe

between the treatments was not significant. It was not possible to detect a synergistic effect.
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In Summary

0 P.robustissimuifO samples had no activity in the preliminary testing and weak actity against
subtilisx 2mm ZI in 10/12 digests: the remaining 2 digests had > 2mm ZI.

o P. robustissimub$ hadveak activity2mm ZI in 4/14 digests tested dgjanbtlis

0 None of thie. robustissimutigests exhibited activity adairaireus

o Preliminary activityPofquadrangul&vC digest agailit aureusvasgreater thaB. subtilisB.
cereus> B. megateriuBubsequent testeilgo showed greater acagynss. aureus.

o No activitwas seen from the geophagy digests but there was a suggestion of potential activity
direct application of geophagy material against the two organisms tested.

o0 The increase in ZI seen from the combined digestion eimtatiscally significant.

4.18 HPLC analydthoradendraligests

4.18.1HPLC chromatograrRlodradendraiigestsrom method development

The following Figures 4:6ft@re examples of HPLC of acidic aqueous digests, obtained durin
method dela@pment, using an acetonitrile/water gradient. The chromatograms illustrate the complexity
sample digests. These initial analyses suggested that there were clear differences in the components

in each digest.

DAD1 C, Sig=325,8 Ref=600,80 (LYNR2010\GRAD1000005.D)

81 Sample 108/ hosts Tt

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30 mir|

Figure 4.64(a) HPLC Chromatogram, 325nm detection, freshly prepared aqueous digest Sample 108/host TO
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DADL1 C, Sig=325,8 Ref=600,80 (LYNR2010J\PH105000002.D)

100

80 4

60 Sample 105/ host L<

40 -|

T T T T
20 25 30 35 mil

Figure 4.64(b) HPLC Chromatogram 325nm detection, freshly prepared aqueous digest Sample 105/host LS

VWD1 A, Wavelength=254 nm (C:\CHEM32\2\DATA\LRJUNE\DEF_LC 2012-06-20 17-17-01\004-1101.D)

13.590
19.166

45|

2.782

Sample 178/host MC1

40 -

35+

30

16.044
17.105

17.355

9.710
14.103

25+

0

g
14.782

20 -

17.853
18.560

15.295

15.570

154

104

T T T
15 20 25 mir

Figure 4.64(c) HPLC Chromatogram, 254nm detection, freshly prepared aqueous digest Sample 178/host MC1

4.18.Z2omparison Bf robustissimwsamples from host trees LS/TO.

Each of the digests was subjected to sample cleaning using the &}0omgdbABPE cartridges.
The HPLC chromatograms of the eluents, Figurdg4466Héa) were obtained using the Optimal L
column and the methanol/acetic acid/water gradient conditions detailed in Method section 4.8, Figu
Chromatograms are reggbfor the initial aqueous eluent (F1) and two methanolieFawentet2ed
previously. UV analysis of methanolic fraction F4 had absorbance values < 0.1 therefore was not sub
HPLC analysis. Chromatograms were obtained for elufmimwoh¢ghsamples 105,138,170,204 and 213
(Host LS) and Samples 108,136,161,205 and 214 (HostUWMQOJeteAtior wavelengths selected included
254 and 340nm. However the peak intensity and separation were clearer at the detection wavelength
and325nm. Samples 161 (Pr/LS) and 170 (Pr/TO) contain all the peaks found in the individual samp

are therefore used as representative (determined at 280 and 325nm) of all those obtained.
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Aqueous eluent F1

Comparing the chromatograms obtained E§(a® 4he contents of the RBvarobustissimum
eluents were broadly similar in constituents but varied in concentration. The differences are illusti
comparison of the peak areas for specific peaks (Table 4.32).

Table 4.32 Peak area values ppatpeaks in F1 aqueous eld@ntsbustissimBamples 161/170

peak area mAu
Sample/RT mins | 4.06 | 5.11 | 5.24 | 8.49| 16.68
Sample 161 280r 2194 2386
Sample 170 280r 830 | 5040
Sample 161 325r 207 | 34
Sample 170 325n 209 | 148
] DADLD Sg2B08R=680,60 (E\SAVFLE 1610060801 D)
[] DADLD Sg-2808 Ref=63060 (E\SAVALE 1700060701 D)
nlj; Sampld 61 Blue Sample 170 Rec
]Z),
].(D*
g),
a),
4),
m,
0*—‘—‘—J \‘
0 5 © 5 o = i

Figure 4.65(a) Chromatogram 280nm dete¢kaiP. robustissimBamples 161/170

[ 1 DADLC, Sig=325,8 Ref=660,60 (E\SAMPLE 161\006-0801.D)
[] DADIC, Sig=3258 Ref=660,60 (E\SAMPLE 170\005-0701.D)
mAU]
18 Sample 161 Blue Sample 170 Re
16
14
1]
101
8]
6]
2]
I ‘
2 ) | |
‘\‘V\J\w\w RN
o}
0 5 10 is 2 = i

Figure 4.65(b) Chromatogram 325nm detectior®.(FehustissimBamples 161/170

First methanolic eluent F2

The contents of the F2 eluents have some similar in constituents but theses varied in concen
Figure 4.66{3.
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[ ] DADLD Sg2808RI=68060 (BE\SAVALE 161M00B-060LD)
[ ] DADLD Sg=2808 Ref=680,60 (B\SAVALE 17000204010
mAU [

‘ Sample 161 Blue Sample 170 Rec

Figure 4.66(a) Chromatogram 280nm dete¢EaP. robustissimBamples 161/170

] DADLG Sg=3258 Re=65060 (E\SAVALE 161\003.0501.D)
[] DADLG Sg=3258 Re=630,60 (E\SAVPLE 170002-0401.D)
e ‘ Sample 161 Blue Sample 170 Re
707 ‘

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 2 ) it

Figure 4.66(b) Chromatograd2®m detectidifr2)P. robustissimBamples 161/170

The use of the PDA detector enablepedlva to be obtained for the major peaks within the
chromatograms. The ipal the spectra depends on the peak being well separated and containing a sil

component. Comparison of the spectras@duitieer comparison between the components present in the
mistletoeleents

[_] *DADL, 4010 (415 mAU,Apx) Ref=2.236 of 003-050L.D [ *DADI, 4014 (288 mAU,Ap) Ref=2.454 of 002-040L.D [ *DAD1, 5.236 (342 mAU Aps) Ref=2.236 of 003-0501.D
mAU mAUT] mAUA
Sample 161 50 Sampld .70 304
3 RT 4.10 min RT 4.01 min Sample 161
3004 ’ 200 ' 504 RT5.24m|n
2504 200
1509
207 a b 1509 c
150 100
100
100
509 0 50
09 0 04
e L e e o e o e e e e
%0 kI 30 40 450 n 250 30 30 400 450 i 250 300 30 40 450 g

Figure 4.67 UV spectra for peaks detectedrobustissimBamples 161 and 170 mihs

The spectra for peaks RT 4.01 mins were similé3danesh161/170 (at 2801igure 4.7
(ab)hovever there was equivalent well resojveakin 170 aRT 5.2 mins, Figure&. (c).
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[ ] *DADI, 12.147 (68.6 mAU,Apx) Ref=11.147 of 002-0401.D
mAU-

60

Sample 170
RT 12.14in

50
40
30
20

10

mAU]
140

1204
1004

[__] *DAD1, 16.481 (154 mAU,Apx) Ref=15.421 of 002-0401.D

Sample 170
RT 16.48thin

— T T T T T T
250 300 350 400 450

T
n

— T T T T T T
250 300 350 400 450 nmw

Figure 4.68

There were typeaks with spectra betweet61lins in Sample 170 that were not present in Sample 161,

Figure 4.68.

Second methanolic eluent F3

UV spectra for peaks detectedrobustissimBample 170, RT-12mins

The principal differences were found in the second methanolic fractions (F3)3)Figubeth.69(a
cases, these eluentsre bright deep yellow coloured solutions. The humped shape of the chromatograr

indicative of many compounds which are not separated and which under these gradient conditions hav

retention times.

] DADLD Sg-2808 RE=6A060 (B\SAVALE 161006 CA0LD)
] DADLD Sg=2808 ReF=68060 (B\SAVALE 170002-Co0L. D)

Sample 161 Blue Sample 170 Rec

Figue 4.69(a) Chromatogram 280nm detectioR.(F#)ustissimBamples 161/170
[ DADLG Sg=3258 Re=630,60 (B\SAVALE 161\003-0501L.D)
[] DADLG Sg-3258 Re=630,60 (E\SAVALE 170002-0201.D)
.
5] Sample 161 Blue Sample 170 F
o]
25
0]
5]
0]
s
ol
0 » 2 EY © E i

Figure 4.69(b) Chromatogram 325nm detectioR.(FE)ustissimBampled61/170
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[ ] ADLA Be226 B30 (E\SAVALE 161\003-06801.0)
[ ADLA B226 Brrd0 (BE\SAVRLE 170002-0201.D)

H Sample 161 blue, Sample 170

T T T T T T T T T T T T T T T T T T T T T T T T
9] 10 o) o) ie) 0 it

Figure 4.69(c) Chromatogram FL detector Ex 226 Em 43@hmoffiBjtissimBamples 161/170

The major difference between the samples is best shown by the chromatogram obtained usi
fluorescence detector, Figure 4.69(c) and expanded detail Figure 4.69(d).

] FDIA Be226 B30 (B\SAVALE 16100B060LD)
] ADLA Be226 B30 (BE\SAVALE 1700020201 D)

. Samfe 161 Blue Sample 170Readbustissimum

——
B it

Figure 4.69(d) Expanded detail Chromatogram 4.98c FL detector Ex 226 Em 430nm (F3) Sample 161/170

The difference in constituents Figure 4.69(d) together with the spectral differende®8Figure 4.6
indcate that there are differences . trabustissimugnowing on the two host trees. Figuresb.70(a

further illustrate the similarities in constituents but variation in conceRtrgtiadrahthdaeteients.

[ ] DADLA Sga258ReI=660,80 (BE\SAVFLE 1530000401 D)
] DADLB Sg2808Re=68080 (E\SAVFLE 1530090401 D)

N

T T T T
125 15 175 25 275 mit

5 75 10 20 )
Figure 4. 70(a) Chromatografi3) eluenP. quadrangulaBample 153 (280 red and 325nm blue).
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[ ] DADLG Sga58 RE=60060 (BE\SAVALE 21601318010
[ ] DADLD Sg2808 Re=63060 (E\SAVALE 216013-1801.0)

T T T T T T T T T T T T T T T T T T T T T T T T T T T
0] 5 10 15 20 > mir

Figure 4.70(b) Chromatograff3) eluen®. quadrangulegdample 216, (280 red and 325nm blue).

A comparison of the first methanolic SPE eluent (F2) of exampleateffheobaoistissimuamd
the eaterP. quadrangulasge shown in Figures 4-dl(aThere are four major peaks irP.the
guadrangulasamples are not found ifPthebustissimwamples.

] DADLD Sg2808 RI=65060 (E\SAVFLE 16600914010
[ ] DADLD Sg=2808 Re=65060 (E\SAVFLE 170002.0401.0)

] P. quadrangulag@ample 165 Blue

P. robustissimwample 170 Red

o] H

\
o “‘
AN

LA A T T T
3] 0 mi

B

FHgure 41(a) Chromatogram 28Q(#2)P. quadrangule@ampléd.65 P. robustissimBample. 70

] DADLG Sg=3%58Re=680,60 (E\SAVALE 165009-1401.D)
] DADLG Sg=358ReE=63060 (E\SAVALE 1700020401 D)

P. quadrangulg@ample 165 Blue

P. robustissimwample 170 Red
lﬁ),

Figure Z1(b)  Chromatogram 325(R)P. quadranguleBampld65 P. robustissimBampld. 70

193



[_1 DADIL D, Sig=280,8 Ref=660,60 (E\SAMPLE 201\018-1702.D)
[ 1 DAD1 D, Sig=280,8 Ref=660,60 (E\SAVPLE 161\003-0501.D)

"~ |
160] P. quadrangulé@ample 201 Blue
140 P. robustissim@ample 161 Red
- |

T T i T T T T T T T T T T T T T T T T T T
[o] 25

Figure Z1(c) = Chromatogram 280nm FF2juadranguléampl01 P. robustissimBampld 61

[ ] DADLG Sga58RE=65060 (B\SAVALE 0118 172D)
] DADLG Sig-3258 Ref=650,60 (B\SAVLE 161\003.CBOLD)

P. quadranguleé@ample 201 Blue

P. robustissim®ample 161 Red

I e e e B e e e e i e S e e e e e e e L B e e e e
5 75 10 125 15 175 20 25 5 25

Figure Z1(d)  Chromatogram 325nm FF2juadrangulé@ampl01 P. robustissim@ampld 61

P. robustissimurhromatograms are different from th@sguaEdrangulasamples. The humped
shape seen in BB robustissimusamples, Figures 4.69(avas not seen in the F3 eluents From
guadrangulare.g. Figures(ab) Samples 153 and 216.

4.18.HPLC chromatograPsjuadrangulare

SPE treatment and subsequent HPLC analyses were conducted on >30 samples. The chose
samples provided sefficmaterial to permit three replicate digests. The replicates were undertaken to en

the results were representative and minimise any effect of small sample siz&) Biguoedhga(aons
chromatograms of theZFdnd F3 eluents for Sample 220
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Fractionl Red
Fraction 2 Green
Fraction 3 Blue

Figure 4.72(a) ChromatograrRs quadrangulag@ample 220, B, 280nm

Fractionl Red
Fraction 2 Green
Fraction 3 Blue

Figure 42(b)  Figure 4.85a Chromatogirngsiadrangulg@ample 226,1-F3, 325nm

Figures 4.72(g are representative of comparisons foPaljuadrangul&v#C samples analysed.
The largest signal/peak area values were obtained from the first methanolic eluent (F2). The rer
comparison chromatograms presartddr dhis eluate and @mgresentativef all the sample results
obtained. The chromatograms are for the control tree MC1 Samples 165 (October 2007) and 201 (Ap
Figures 4.73(9. [Norm] axiwasused in chromatograms for 4.78Bai% provides report in white
peaks are corrected for detector response before calculation of the percentage of each. This enal
alignment of the 3 arialyggmponents to be easily ,sabich may not be the case in the chromatograms
using mAu axis.

Sample 152, 216, 220 and 226 wwdrénoccollected samples where >12 individuals had been
observed eating on the occdsgumes 4.74@.
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