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Summary:  The Native Medicinal Plant Research Program will study native plants from Kansas and the region to facilitate the discovery of active compounds from medicinal plants that will be effective as herbal remedies, dietary supplements, cosmetic products or pharmaceutical/veterinary agents. The labs of Barbara Timmerman in Medicinal Chemistry and Kelly Kindscher at the Kansas Biological Survey will use their considerable experience in floristic studies, biodiversity prospecting, isolation, structure elucidation, de-replication, medicinal chemistry, and biological and synthetic evaluation of novel biologically-active agents from native plants and traditional herbal remedies.  With funding from the Kansas BioScience Authority, they will conduct research on the plants, their uses, production, conservation, and especially on the opportunity that the plants or their compounds have for marketable uses.  Our program will successfully select suitable plant species by using our ethnobotanical database, and conduct relevant chemical screening through bioassay-directed fractionation, detailed biological evaluation, structure determination, and synthetic optimization.  
Suitable Biota.

The State of Kansas is blessed with a rich plant biodiversity of more than 2,100 native plants.  Kansas also boasts a long tradition of medicinal use of plants and it is estimated that at least 200 species are used medicinally by Native Americans (Kindscher, 1992). The U.S. Midwest, High Plains and Rocky Mountain West is also an area rich in biological diversity and traditional knowledge.  All of these areas offer an  enormous range of species that inhabit very diverse habitats. In marrying this rich heritage with modern science, this program proposes to conduct scientific validation of traditional medicines.  

Modern screening methods 

These methods are superior because they involve sensitive testing systems and often pick up significant biological activities missed when using coarse screens based only on toxicity to living cells. We will concentrate on under-explored biota, folkloric clues, and traditional indigenous knowledge and the use of cutting edge high throughput screens.  

The lead scientists in this program have outstanding experience and qualifications.  Dr. Kelly Kindscher is a leading expert on the use of native plant species and their uses throughout the Great Plains and Southwest.  Dr. Barbara Timmermann has extensive experience in screening, isolation, structure determination of active compounds from plants and microbes as well as conservation, benefit sharing and intellectual property matters related to bioprospecting.

Native Medicinal Plants of the Great Plains Database

This database will be compiled from information previously documented about native prairie species used by sixteen Great Plains Native American tribal groups as medicine (Kindscher 1989, 1992) and as food (Kindscher 1987).  Special emphasis will be given to plants native to Kansas and especially western Kansas.  Newer information (Kindscher 2004, Kindscher and Hurlburt 1998, Kindscher et al 1998) together with current and past work with the Winnebago, Potawatomi, Oneida, and Lakota (Sioux) will be included in the database.  A list of 100 important target species found in Kansas for this work is given in the appendix as Table 1.   

Plants from western Kansas will be a major focus of our work because they are more drought tolerant.  Plants that have greater stress due to drought and other causes are known to produce more secondary compounds (which includes compounds with biological activity for use in health and medicine).   Information will be obtained from other databases (NAPRALERT, NAPIS; Moerman, 1999) and incorporated.   The database will be web-based so that it can be available for use by pharmacists, doctors, and veterinarians, other medical practitioners, researchers, and businesses.  

Plant identification and prioritization
Plants will be selected based on ethnobotanical knowledge for treatments that include:  pain inflammation, infections, liver and digestive ailments, and will be supported by the historical research done by KU researchers on the screening of medicinal plants for their antimicrobial, anti-inflammatory and anticancer properties. Criteria used for selection of plant species will include: i) claim for risk prevention and treatment of or symptoms related to the disease, ii) plants used for treatment of pain (e.g. headaches), iii) other databases of medicinal plants screened for various biological activities and prioritized based on the published information on chemical compounds occurring in the plants and their medicinal use, iv) published information on bio-active and toxic compounds occurring in the plants and v) their abundance. Plant availability will also be taken into account for the potential future use, with threatened plants receiving a low rating. 

Collection of Plant Material for Chemistry Screening

Fresh material of each species will be collected from at least  three separate locations focusing in western Kansas.  For each collection, an herbarium voucher and a DNA sample will be collected.  At each location, the plant material will be dried and labeled before being transported to the Natural Products Chemistry Laboratory at the University of Kansas.  In addition, smaller quantities of each of these species will be collected at an additional seven locations throughout the region.  Voucher specimens will be prepared to deposit at the University of Kansas herbarium for all species collected.  The voucher specimen will include flowers, leaves and other parts that make the specimens identity verifiable.

In addition, research plots will be established at both the University of Kansas and at Kansas State University.  Most of the previous research has focused on plants already in the herbal products trade, rather than Kansas native plants These plots will be established after our first results have been analyzed, which will be useful in making decision related to which ones should be planted because they are most promising.   Additional research on cultivation of these plants could be a future research topic.
Screening and Isolation of Active Components

University of Kansas scientists have established expertise in extraction, purification, isolation and characterization of potentially useful compounds from plant materials.  The University also has established an outstanding High Throughput Screening (HTS) facility and a fully automated screening system and will occupy a new laboratory with state-of-the-art instrumentation on the KU West Campus in June, 2008.  The HTS laboratory will assist using a fee for service structure in the development and execution of bioassays to identify bioactive compounds. An integrated robotic system will efficiently and reliably handle 96-well and 384-well microplates and detect assay readouts such as light absorption, fluorescence, and luminescence with sensitivity and reproducibility. Bioassays will be executed to identify bioactive compounds from chemical libraries and natural sources that affect functions of enzymes, receptors or cells for their potential use in diverse therapeutic areas (screening hits).  The customized chemical and biological information database make it an easy task to correlate biological activity with chemical structures for further chemical modifications of the screening hits.

Prioritization of the hits
Selection of the extracts identified as hits will focus on the efficacy observed in the biological evaluation for efficacy against the different targets.  Detailed literature studies will be conducted on those plants, which are identified as hits from the screening program. This study will focus on identification of published information on the plant species based on phytochemical studies and biological data on the compounds including pain, inflammation, liver and  digestive problems, and other ailments. Plant species with limited published information on compounds scientifically validated for various diseases will be selected for further research. Other criteria such as class of compounds and their pharmaceutical, veterinary, cosmetic or nutraceutical attractiveness, and toxicity of compounds in the plants will also be used to guide the selection process.  It is envisioned that 5-10 candidates of plant origin will be taken forward for further research and development as medicinal agents.

Purification of extracts and isolation of the active ingredients
The plant extracts selected for further research will be subjected to bioassay guided fractionation to isolate the active ingredients. Separation is achieved by using a combination of chemical methods and chromatographic methods. Each separation step will be monitored by HTS bioassays for activity. This will lead to the isolation of active principle(s). The fractions produced though the purification process will be analyzed using HPLC MS/MS for the purpose of de-replication and to identify the classes of compounds in the biologically active fractions. This will provide information on the compounds and guidance for the purification techniques, and allow the group to make decisions at a much earlier stage of bioassay guided fractionation about which leads to pursue.

Structure elucidation
The structure elucidation of bioactive molecules will be carried out by using a combination of physical methods and different spectroscopic studies, namely UV, IR, EIMS/HRMS, H-NMR, 13C-NMR, HMBC, COSY&NOESY experiments and X-ray crystallography.  The KU Molecular Structures Group will collaborate within the determination of molecular structures in this program. Information on the structure of the compounds will be used to assess their health promotion, medicinal properties and structural modification to improve the compounds. Additional literature studies will be conducted to determine if the compounds are novel or are scientifically published and validated for use in treating the target diseases. It is not possible to predict in advance the complexity of the structures that will emerge from the screens employed.  Nonetheless, the investigators have many years of experience in the spectroscopic and degradative determination of complex natural products and have the instrumentation necessary for this work. Recent examples include antibacterial iridoids (Woldemichael et al., 2003); anti-inflammatory curcuminoids (Funk et al., 2006); anti-tubercular piperolactams (Mata et al., 2004); lignans (Lambert et al., 2005) and anti-arthritic gingerols (Jolad et al., 2005; Jiang et al., 2007). 

Supply of active ingredients/compound

Once the active compounds are identified, the process of isolation from the extract is greatly enhanced. These compounds selected for further research, e.g. bioassaying, synthetic derivatization etc., will be purified and isolated in larger quantities from plant material.
Detailed Biological Evaluation

Activity in vitro against the different diseases of importance to human and animal health described here does not equate to activity in vivo.  Those structurally new compounds with significant in vitro activity against the diseases targeted will be tested in vivo with funds obtained elsewhere. These in vivo efforts, while not included in the first years, will be available to the project in subsequent years as needed.
Synthetic Optimization

It is relatively rare for natural products to have sufficiently attractive absorption, distribution, metabolism and excretion properties to be marketable, despite their attractive potency and selectivity.  Thus the ability to improve these properties by semi- or total synthetic chemistry is important in drug seeking campaigns.  Faculty in the Department of Medicinal Chemistry have decades of experience in structural chemistry.  Synthetic efforts, while not included in the first years, will be available to the project in subsequent years as needed.

Future Development of Compounds and Phytomedicines

Once a promising compound/health product is identified, the KU Office of Therapeutics and Drug Discovery (OTDD) will have a major presence and impact on HPI as a major contributor to ensuring the commercial development of promising therapeutic compounds and phytomedicines.  The objectives of OTDD are to advance or improve health care through discovery of promising pharmaceutical agents for the treatment and prevention of diseases, grow research funding, create unique educational opportunities for students, and create commercial opportunities for the State of Kansas. Although funds are not requested for development at this stage, it is noteworthy that this capability exists within the State of Kansas in order to advance promising compounds through clinical trials for FDA approval.
D.  References:

Great Plains Flora Association. 1987.  Flora of the Great Plains. University Press of Kansas, Lawrence.  

Kindscher, K. 2004. “Plant Lore.” In Encyclopedia of the Great Plains, ed. David J. Wishart. University of Nebraska Press, Lincoln, p. 309.

Kindscher, K., K.P. Manfredi, M. Britton, M. Demidova, and D. Hurlburt. 1998. “Testing Prairie Plants with Ethnobotanical Importance for Anti-Cancer and Anti-AIDS Compounds.” Journal of Ethnobiology 18:229–245.

Kindscher, K., and D. Hurlburt. 1998. “Huron Smith’s Ethnobotany of the Hocak (Winnebago).” Economic Botany 52:352–372.

Kindscher, K. 1992. Medicinal Wild Plants of the Prairie—an Ethnobotanical Guide. Lawrence: University Press of Kansas. Contains 203 native prairie species, illustrated with line drawings and maps. 

Kindscher, K. 1989. "The Ethnobotany of the Purple Coneflower (Echinacea angustifolia) and other Echinacea species.” Economic Botany 43(4):498–507.

Kindscher, K. 1987. Edible Wild Plants of the Prairie—an Ethnobotanical Guide. Lawrence: University Press of Kansas. Second printing 1988; contains 123 native prairie species, 270 pages, illustrated with line drawings and maps. Winner of an American Association of University Presses award for design. Reviews have appeared in 8 journals, including Economic Botany, Sida, and Plains Anthropologist.

Moerman, D. 1998. Native American Ethnobotany.  Timber Press, Portland Oregon.

	Table 1. Target List of 103 medicinal plants and 16 grasses of native prairie habitats found in Kansas.  This is from a larger list of 236 species that we will study.  Medicinal uses from Kindscher (1992), names from Flora of the Great Plains (Great Plains Flora Association, 1991).  

	Medicinal Plants


	
	
	
	

	Genus
	Species
	Common Name
	
	

	Achillea
	millefolium
	yarrow
	
	

	Ambrosia
	artemisiifolia
	ragweed
	
	

	Ambrosia
	psilostachya
	ragweed
	
	

	Ambrosia
	trifida
	great ragweed
	
	

	Amorpha
	canescens
	lead plant
	
	

	Amorpha
	fruticosa
	desert false indigo
	
	

	Anemone
	canadensis
	meadow anemone
	
	

	Antennaria
	neglecta
	field pussytoes
	
	

	Argemone
	polyanthemos
	prickly poppy
	
	

	Artemisia
	campestris
	field sagewort
	
	

	Artemisia
	frigida
	prairie sagewort
	
	

	Artemisia
	ludoviciana
	white sage
	
	

	Asclepias
	pumila
	plains milkweed
	
	

	Asclepias
	speciosa
	showy milkweed
	
	

	Asclepias
	syriaca
	common milkweed
	
	

	Asclepias
	tuberosa
	butterfly milkweed
	
	

	Asclepias
	verticillata
	whorled milkweed
	
	

	Aster
	ericoides
	heath aster
	
	

	Aster
	falcatus
	white prairie aster
	
	

	Astragalus
	bisulcatus
	twogrooved milkvetch
	
	

	Astragalus
	canadensis
	Canada milkvetch
	
	

	Astragalus
	crassicarpus
	common ground plum
	
	

	Astragalus
	mollissimus
	woolly locoweed
	
	

	Astragalus
	racemosus
	cream milkvetch
	
	

	Baptisia
	australis
	blue false indigo
	
	

	Baptisia
	bracteata
	yellow wild indigo
	
	

	Baptisia
	lactea
	white wild indigo
	
	

	Callirhoe
	involucrate
	purple poppy mallow
	
	

	Cassia
	marilandica
	Maryland senna
	
	

	Ceanothus
	herbaceous
	Jersey tea
	
	

	Chrysopsis
	villosa
	rough goldenaster
	
	

	Chrysothamnus
	nauseosus
	greenplume rabbitbush
	
	

	Cirsium
	ochrocentrum
	yellowspine thistle
	
	

	Cirsium
	undulatum
	wavyleaf thistle
	
	

	Cleome
	serrulata
	Rocky Mountai bee plant
	
	

	Conyza
	canadensis
	horseweed
	
	

	Coreopsis
	tinctoria
	plains coreopsis
	
	

	Cornus
	drummondii
	roughleaf dogwood
	
	

	Cucurbita
	foetidissima
	Missouri gourd
	
	

	Dalea
	candida
	white prairie clover
	
	

	Dalea
	enneandra
	nineanther dalea
	
	

	Dalea
	purpurea
	purple prairie clover
	
	

	Delphinium
	virescens
	prairie larkspur 
	
	

	Desmanthus
	illinoensis
	Illinois bundleflower
	
	

	Echinacea
	angustifolia
	purple coneflower
	
	

	Echinacea
	pallida
	pale purple coneflower
	
	

	Eriogonum
	jamesii
	wild buckwheat
	
	

	Eryngium
	yuccifolium
	rattlesnake master
	
	

	Erysimum
	asperum
	western wallflower
	
	

	Euphorbia
	corollata
	flowering spurge
	
	

	Euphorbia
	marginata
	snow on the mountain
	
	

	Gaillardia
	pulchella
	blanket flower
	
	

	Gaura
	coccinea
	scarlet gaura
	
	

	Gaura
	parviflora
	velvetweed
	
	

	Gentiana
	puberulenta
	downy gentian
	
	

	Glycyrrhiza
	lepidota
	American licorice
	
	

	Gnapthalium
	obtusifolium
	fragrant everlasting
	
	

	Grindelia
	squarrosa
	curly-top gumweed
	
	

	Gutierrezia
	sarothrae
	broom snakeweed
	
	

	Helianthus
	annuus
	sunflower
	
	

	Helianthus
	grosseserratus
	sawtooth sunflower
	
	

	Ipomoea
	pandurata
	man of the earth
	
	

	Juniperus
	scopulorum
	Rocky Mountain juniper
	
	

	Juniperus
	virginiana
	eastern red cedar
	
	

	Lespedeza
	capitata
	round-head lespedeza
	
	

	Liatris
	aspera
	tall blazing star
	
	

	Liatris
	punctata
	dotted gayfeather
	
	

	Lithospermum
	incisum
	narrowleaf puccoon
	
	

	Lomatium
	foeniculaceum
	prairie parsley
	
	

	Lygodesmia
	juncea
	skeleton weed
	
	

	Mentzelia
	pumila
	dwarf mentzelia
	
	

	Monarda
	fistulosa
	beebalm
	
	

	Monarda
	pectinata
	pony beebalm
	
	

	Oenothera
	biennis
	evening primrose
	
	

	Oenothera
	rhombipetala
	Fourpoint evening primrose
	
	

	Oxytropis
	lambertii
	purple locoweed
	
	

	Penstemon
	digitalis
	foxglove beardtongue
	
	

	Penstemon
	grandiflorus
	shell-leaf beardtongue
	
	

	Physalis
	heterophylla
	clammy ground cherry
	
	

	Physalis
	pumila
	dwarf ground cherry
	
	

	Polygala
	alba
	white milkwort
	
	

	Populus
	deltoides
	cottonwood
	
	

	Prunus
	americana
	wild plum
	
	

	Prunus
	virginiana
	chokecherry
	
	

	Psoralea
	argophylla
	silverleaf scurfpea
	
	

	Psoralea
	esculenta
	large Indian breadroot
	
	

	Psoralea
	tenuiflora
	many-flowered scurfpea
	
	

	Ratibida
	columnifera
	prairie coneflower
	
	

	Rhus
	aromatica
	fragrant sumac
	
	

	Rhus
	glabra
	smooth sumac
	
	

	Ribes
	odoratum
	golden currant
	
	

	Rosa
	arkansana
	prairie wild rose
	
	

	Rumex
	altissimus
	pale dock
	
	

	Silphium
	laciniatum
	compass plant
	
	

	Solanum
	carolinense
	Carolina horsenettle
	
	

	Solanum
	elaeagnifolium
	silverleaf nightshade
	
	

	Solanum
	rostratum
	buffalobur nightshade
	
	

	Solidago
	canadensis
	Canada goldenrod
	
	

	Sphaeralcea
	coccinea
	scarlet globe mallow
	
	

	Symphoricarpos
	occidentalis
	western snowberry
	
	

	Tephrosia
	virginiana
	goat's rue
	
	

	Veronicastrum
	virginicum
	Culver's root
	
	

	Yucca
	glauca
	small soapweed
	
	

	
	
	
	
	


