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ABSTRACT.  —  Literature  research  into  ethnobotanical  uses  of  North  American
prairie  plants  by  Native  Americans  and  early  written  accounts  by  travelers  and
doctors identified 203 native prairie species that have been used for medicine. We
collected, identified, and made extracts from 22 of these species and subjected the
extracts  to  biological  screens  to  identify  new  anti-HIV  and  anti-cancer  chemical
leads.  Our  results  show  greater  rates  of  activity  for  both  aqueous  extract  anti-
AIDS  screens  (60.0%)  and  organic  extract  anti-AIDS  screens  (13.6%)  than  rates
previously determined through random screening of terrestrial plants (13.9% and
3.0%,  respectively).  In  preliminary  anticancer  screening,  10  of  22  organic  extracts
showed  at  least  moderate  activity  This  work  demonstrates  that  native  prairie
plants  (and probably  those of  other  regions  in  North  America)  may pro\1de new
chemical  leads,  especially  if  the  target  list  includes  those  species  that  have
ethnobotanical use histories. We also believe that our work helps substantiate the
idea  that  Native  Americans  were  choosing  many  plants  with  pharmacologically
active  substances  in  their  health  and healing practices.

RESUMEN.  —  Una  investigacion  bibliografica  acerca  de  los  usos  etnobotanicos
de  plantas  de  las  praderas  norteamericanas  por  parte  de  los  indigenas,  y  las
descripciones tempranas de viajeros y medicos, identified 203 especies nati\as de
la  pradera  que  han  sido  usadas  como  medicinas.  Colectamos,  identificamos  y
preparamos extractos de 22 de estas especies y sometimes los extractos a pruebas
biologicas para indentificar nuevos candidates quimicos contra el SIDA y el cancer
Nuestros  resultados  muestran  tasas  mayores  de  actividad  anti-SIDA  tanto  en
pruebas  con extractos  acuosos  (60.0%)  como extractos  organicos  (13.6%)  que las
tasas  previamente  determinadas  a  traves  de  pruebas  con  plantas  terrestres
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seleccionadas al azar (13.9% y 3.0%, respectivamente). 10 de 22 extractos organicos
mostraron por lo menos actividad moderada en pruebas preliminares anti-cancer.
Este  trabajo  demuestra  que  las  plantas  nativas  de  la  pradera  (y  probablemente
las  de  otras  regiones  de  Norteamerica)  pueden  proporcionar  nuevos  candidates
quimicos,  especialmente  si  la  lista  seleccionada  incluye  aquellas  especies  que
tienen  una  historia  de  uso  etnobotanico.  Creemos  tambien  que  nuestro  trabajo
ayuda  a  substanciar  la  idea  de  que  los  indigenas  norteamericanos  estaban
escogiendo  en  sus  practicas  de  salud  y  curacion  muchas  plantas  con  sustanclas
farmacologicamente activas.

RESUME. ethnobotaniqu
des  plantes  des  prairies  nord-americaines  par  les  Amerindiens  ainsi  que  les
premiers  ecrits  des  voyageurs  et  medecins  a  permis  d'identifier  203  especes
indigenes  des  prairies  qui  etaient  utilisees  comme  medicaments.  Nous  avons
collecte, identifie et prepare des extraits de 22 de ces especes et avons soumis ces
extraits a des examens biologiques pour identifier de nouveaux agents chimiques
anti-V.I.H. et anti-cancereux. Nos resultats montrent des taux d'activite plus eleves
pour  les  examens  des  extraits  aqueux  antisida  (60,0%)  et  pour  les  examens  des
extraits  organiques  antisida  (13,6%)  que  les  taux  determines  anterieurement  par
des examens de plantes terrestres faits au hasard (33,8% et 4,2% respectivement).
Dans nos examens preliminaires anti-cancereux, 10 des 22 extraits organiques ont
montre  une  activite  au  moins  moderee.  Ce  travail  demontre  que  les  plantes
indigenes  des  prairies  (et  probablement  celles  d'autres  regions  d'Amerique  du
Nord) peuvent fournir de nouveaux agents chimiques, particuliercment si on inclut
dans la  liste  cible  les  especes qui  ont  une histoire  ethnobotanique.  Nous croyons
aussi  que  notre  travail  vient  soutenir  Tidee  que  les  Indiens  d'Amerique
choisissaient plusieurs plantes aves des substances pharmacologiques actives dans
leurs  pratiques  hygieniques  et  therapeutiques.

INTRODUCTION

Literature  research  into  the  ethnobotanical  u
Americans

medicinalj^iduitf  bpecies  mat  were  used  tor  medicinal  purposes  (Kmdsctier  ly^z;  ^n^  ---
species  that  were  used  for  food  (Kindscher  1987)  in  the  Prairie  Bioregion  (Figure

derable  attention  because
.tc  (n^]\r]c  and  Mendelsohn

1992;  Farnsworth  and  Soejarto  1991;  Hodson,  Englander,  and  O'Keefe  1995),  ana
the  National  Cancer  Institute's  current  large-scale  plant  collecting  and  screening
program  is  focused  on  the  tropics.  By  contrast,  few  prairie  plants  have  ever  been
considered  for  use  bv  the  contemnnr;^rv  hp^lth  inHnctrv  rKindscher  1992;  Tyler
1993)
ther.

tfrea  ror  use  by  the  contemporary
We bellPVP th;:^f fVtSc ic ^r^ t.»^^^^«..V'  vve  Deneve  tnat  this  is  an  untapped  resource  that  should  be  expioic^  ^^^

Several  authors  have  obtained  a  higher  proportion  of  active  extracts  from  eth-
otanically  tareeted  as  onnnspH  ii^  rnnHr.m  r^lnnf  r/^llf^rflnns  CBalick  1990;  Cox^

demonst
Spjut  and  Perdue  1976).  McCutcheon

medicinal  purposes.  They  determined  that  85%  of  96  extracts
if  TJrificT,  r"^i,.^u:  .-ii  i_j  ^1.1  1  *.-,^,Va1  ii<ips  exhibiColumbia
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Short-Grass Pi3irie
Mixad-Orsu Prm
Taigrass PraM

FIGURE  1.  —  Map  of  the  Prairie  bioregion

(McCutcheon t extracts

(McCutcheon
ethnobotanyuie  appeal  or  tropical  etnnoDorany  ridu  nut  cAicn-at^  ^^  .,^.*.^^.v,.^  ^

but  asserted  that  the  North  American  flora  is  worthy  of  ethnobotanically-based
medicinal

We
rie  and  prairie  plants;  b)  screen  these  plants  for  potential  anti-HIV  and  anti-cancer
bioactivity;  and  c)  to  determine  if  a  greater  number  of  plants  with  potential  bioac-
tivity  can  be  found  by  choosing  species  that  have  an  ethnobotanical  history  of  use
bv  Native  Americans  than  bv  random  screenings.  While  we  knew  it  was  unhkely

that  we  would  find  a  plant  that  was  a  can
promise  of  building  upon  the  knowledge
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METHODS

Plant collection. oody
selected  based  on  their  ethnt^botdnic.il

These 22
families  and  include  six  species  of  the  Asteraceae

(two  of  the  largest  families  of  prairie  plants).  Plant  identification  follows  the  Flora
of  the  Great  Plains  (Great  Plains  Flora  Association  1986)  and  nomenclature  follows
Kartesz  (1996).  Voucher  specimens  of  all  species  collected  are  archived  at  the  R.L.
McGregor  Herbarium  at  the  University  of  Kansas.  At  least  2  kg  of  each  species

tory
try

Extraction.  —  The  plant  material  (leaves,  stems,  or  roots)  was  chopped  into  small
pieces,  placed  in  a  small  cloth  sack  and  immersed  in  liquid  nitrogen.  Once  com-
pletely  frozen,  samples  were  crushed  and  placed  in  a  large  beakers  filled  with
CH2CI2  and  MeOH  (1:1)  and  covered.  After  24  hours  the  solvent  was  drained  off
and  the  plants  were  covered  with  pure  MeOH.  After  an  additional  24  hours,  the
MeOH  was  drained,  combined  with  the  CH^Cl2:MeOH  extract,  and  the  solvent
was  removed  at  reduced  pressure  using  a  rotary  evaporator.  The  resultant  solid
material  was  designated  the  "organic  extract."  The  remaining  plant  material  was
covered  with  water  for  an  additional  24  hours,  the  water  was  drained  and  the
resultant  extract  was  placed  on  a  rotary  evaporator  for  a  few  minutes  to  remove
any  traces  of  organic  solvent.  The  water  was  then  quickly  frozen  in  a  CO2  -  acetone
bath  and  freeze-dried.  This  extract  was  referred  to  as  the  "aqueous  extract."

Anti-HlV  testing.  —  The  anti-HIV  assay  was  carried  out  at  the  Laboratory  of  Drug
Discovery  Research  and  Development  at  the  US  National  Cancer  Institute  (NCI)
as  described  previously  (Weislow  et  al.  1989).  Since  this  was  a  preliminary  screen-
ing,  each  plant  extract  was  tested  in  duplicate  rather  than  replicating  the  tests
with  many  different  samples.  The  assay  tests  the  ability  of  plant  extracts  to  inhibit
the  killing  of  T4  (CD4+)  lymphoid  cells  (CEM-SS  line)  by  HlV-1  (RF  strain).  Samples
of  5.0  mg  of  extract  were  dissolved  in  100  ml  of  dimethylsulfoxide  and  diluted  in
a  cell  assay  to  give  a  maximum  test  concentration  of  250  mg/mL  of  cells.  The
extract  was  then  serially  diluted  to  a  minimum  concentration  of  0.0079  mg/mL.
The  exponentially-growing  cells  were  pelleted  from  the  growth  medium  and  in-
fected  at  a  multipUcity  of  infection  of  0.05  at  room  temperature  for  45  minutes
with  constant  agitation.  The  cells  were  then  diluted  in  growth  medium  to  the  de-
sired  cell  concentrations  to  yield  5,000  ceUs/well  after  inoculation  and  inserted
into  wells  of  96  micro-titer  plates.  Equal  aliquots  (50  mL)  of  the  test  solutions  con-
taining  the  plant  extracts  were  added  to  the  appropriate  wells,  and  the  plates  were
incubated  for  6  days  at  37°  C.  Plates  were  then  analyzed  for  cellular  x'iability  usmg
the  XTT-tetrazolium  method  (Weislow  et  al.  1989).

The  assay  provides  three  important  parameters.  The  EC50  is  the  concentration
of  extract  at  which  the  growth  of  the  infected  cells  is  50%  of  the  non-mfected,
exh-act-free  control.  The  IC50  is  the  concentration  at  which  the  growth  of  non-m-
fected  white  blood  cells  containing  the  extract  is  50%  of  the  control,  and  measures
the  extract's  toxicity  to  healthy  cells.  The  Tl5^  is  the  ratio  of  the  EC50  to  the  IC.^  and
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:  considered  a  measurement
TIgg  value  represents  a  more

tion  of  the  Ed-n,  IC
immary

50' ^^50 In
the  results  of  the  assay,  we  classify  the  extracts  as  "active/'  "moderate,"  or  "inac-
tive."  We  define  an  "active"  extract  as  one  that  achieves  an  EC5Q  value  at  a

/mL //moderate"  activity  as
one  which  shows  growth  of  infected  cells  at  less  than  a  50%  value.  An  "inactive"
extract  either  fails  to  enable  infected  cells  to  grow  or  is  toxic  to  the  uninfected
control  cells  at  concentrations  less  than  250  mg/mL.

To  test  whether  the  rate  of  activity  obtained  from  our  ethnobotanically-se-
lected  sample  was  different  from  that  expected  from  a  random  sample  of  plants,
we  used  expected  frequencies  obtained  in  the  NCI's  large-scale  "modified  ran-
dom"  screening  program,  which  included  both  medicinal  and  non-medicinal  plants
(Lewis  and  Elvin-Lewis  1995).  Because  of  our  small  sample  sizes  and  the  small
expected  number  of  active  extracts,  we  calculated  the  exact  binomial  probabilities
(of  obtaining  results  equal  to  or  better  than  ours)  (Sokal  and  Rohlf  1995)  using
QuattroPro  software  (Novell,  Inc.  1994).

Anti-cancer  screening.  —  Anti-cancer  screening  was  carried  out  at  Laboratory  of
Drug  Discovery  Research  and  Development.  The  two-day  bioassays  using  60  hu-
man  tumor  cell  lines  were  performed  as  described  previously  (Boyd  1989).  Each
extract  was  tested  at  a  maximum  concentration  of  250  mg/mL  of  cells  and  serially
diluted  to  a  minimum  concentration  of  0.018  mg/mL.  The  cells  were  allowed  to
incubate  for  48  hours,  at  which  time  cell  growth  was  measured  as  described  in
Boyd  (1989).  Three  parameters  were  then  measured:  GLn  (the  concentration  of

tumor
non-extract  h-eated  cells),  GI^qq  (the  concentration  at  which  100%  of  the  tumor
ceUs'  growth  has  been  inhibited),  and  LC50  (the  concentration  of  extract  at  which
50%  of  the  himor  cells  are  killed  relative  to  the  control).  In  addition  to  these  three
parameters,  specificity  was  also  measured.  Specificity  is  observed  when  an  extract
demonstrates  an  exceptional  amount  of  activity  for  one  particular  cell  line  relative

lines.  The  human
magnitude

m.  melanoma^..  —  ,  .i^x.  cxiiaii  i^cii  luiig,  coion,  central  nervous  system,  meidiiuina/  ^  —  -
renal,  prostate,  and  breast.  A  thorough  discussion  of  data  interpretation  from  the
National  Cancer  Institute  screen  can  be  found  in  Boyd  and  Paull  (1995).

Like  the  anti-HIV  assay,  the  anti-cancer  assay  was  run  in  duplicate  with  the
same  sample.  We  will  again  use  "active,"  "moderate,"  and  "inactive"  to  report

.  !s  that  achieve  an  LC..  with  at  least  50%  of  the  cell  lines  re-
sponding  will  be  classified  as  "active,"  while  extracts  with  "moderate"  activity
must  achieve  an  LC50  ^^t^  at  least  20%  of  the  cell  lines  tested  responding.

Sampl
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TABLE  2.  —  Results  of  anti-HIV  assay  for  prairie  plants.  A  =  "active"  extract
(achieves  EC5Q  test  concentration  at  which  gro^vth  of  infected  cells  is  50%  of
non-infected  control);  M  =  "moderate"  activit}'  (extract  shows  growth  of  in-
fected  cells  at  less  than  50%  of  control);  I  -  "inactive"  (extract  shows  no  growth
of  infected  cells  or  toxicitv  to  uninfected  control  cells  at  concentration  less  than

mg/ toxic  to  uninfected  control  cells  at  very  low  concentration.
ty

extracts.

Scientific Name
Achillea millefolium
Amoipha canescens
Aslra;^aliis bisulcafus
Cearwtlius herbaceus
Conyza canadensis
Equisetum hycmale
Fragaria virginiana
Glycyrrhiza lepidota
Helianthus grosseserratus
Ipomoea leptophylla
Junipems virginiana
Liatris punclala
Monarda fistulosa
Oenothera rhombipetala
Pediomelum argophyllum
Pycnanthemum tenuifoliu
Rhus glabra
Kubus flagellar is
Silphium laciniahim
Silphium perfoliatum
Solidago canadensis
Verbena hastata

Aqueous
A
A
I
A
A
I
I
I
A
A
T
A
A
A

not tested
A

not tested
A
A
I
I
I

Organic
M
1
I
I

M
I
I
A
I
A
I
I
I
A
I
I

M
I
I

M
I
I

RESULTS

Anti-HIV  aqueous  assay.  —  Aqueous  extracts  of  20  of  the  22  plants  collected  were
tested  for  anti-HIV  activity.  Twelve  extracts  met  the  criteria  for  "active"  (Table  2).
Junipems  virginiana  showed  an  exceptionally  low  ICg^  (the  concentration  at  which
50%  of  the  non-infected  white  blood  cells  are  killed),  but  showed  no  protection  to
infected  cells.  This  indicates
of  the  activity  spectrum  was
concentration  of  0.56  mg/ml

30

The  60.0%  activit)'

gnificantly  higher  (p  <.001)  than
by  the  NCI  in  its  large-scale  screening  program  (Cardellina  ct  al  1993).

Anti-HIV  organic  assay. ty-two  organic  extracts  were  tested  for  anti
activity.  Only  three  plants  achieved  an  tCgo  {Ipomoea  leptophylla,^  ^l^T'^!!Z[?c!tT.:
and  Oenothera  rhomhivetala).  This  results  in  13.6%  of  the  "  -"'  '"■
//active. // gnifica .03)  than the 3.0% rate for



238 KINDSCHER  et  al. Vol. 18, No. 2

TABLE  3.  —  Results  of  anti-cancer  screen  for  prairie  plants.  A  =  "active"  extract
(achieves  LC^^,  test  concentration  at  which  50%  of  tumor  cells  are  killed  relative
to  control,  with  at  least  50%  of  cell  lines  responding);  M  =  "moderate"(achieves
LC^Q  with  at  least  20%  of  cell  lines  responding);  I
Scientific Name

"inactive."

Aqueous Organic
Achillea millefolium
Amorpha canescens
Astragalus bisulcatus
Ceanothus herbaceiis
Conyza canadensis
Equisetum hyemale
Fragaria virginiana
Ghjcyrrhiza lepidota
Helianthus grossesenatus
Ipomoea leptophylla
Juniperus virginiana
Liatris punctata
Monarda fistulosa
Oenothera rhombipetala
Pediomelum argophyllum

Rh us glabra
Rubus flagellaris
Silphium laciniatum
Silphium perfoliatum
Solidago canadensis
Verbena hastata

ifoli

I
I
I

slight  activity
I
I
I
I
I
I
I
I
I
I

not tested
I

not tested
I
I
I
I
I

M

M
A
A
A
M
M

M
M
A
I

terrestrial  plants  reported  by  the  NCI  in  their  screening  program  (Cardellina  et  al
1993).  Four  plants  {Achillea  millefolium,  Conyza  canadensis,  Rhus  glabra,  and  Silphium
perfoliatum)  showed  moderate  protection  from  the  HIV  virus  in  infected  cells.

Anti-cancer  aqueous  screen.  —  Only  one  aqueous  extract  of  the  twenty  tested,
Ceanothus  herbaceus,  achieved  an  LC^n  value.  Its  activity  was  slight,  with  only  two
ot  the  60  cell  lines  showing  sensitivity  to  this  extract.

Anti-cancer  organic  screen.  —  Twenty-two  organic  extracts  were  tested  in  the  anti-
cancer  screen  (see  Table  3).  Four  extracts  were  active  {Helianthus  grosseserratus,
Ipomoea  leptophylla,  Juniperus  virginiana,  and  Solidago  canadensis)  and  six  extracts
showed  moderate  activity  {Achillea  millefolium,  Glycyrrhiza  lepidota,  Liatris  punctata,
Monarda  fistulosa,  Silphium  laciniatum,  and  Silphium  perfoliatum).  This  difference
between  activity  of  the  organic  and  aqueous  extracts  may  be  due  to  the  fact  that
the  non-polar  molecules  of  organic  extracts  more  easily  enter  the  cell  through  the
non-polar  cell  membrane.  Juniperus  virginiana  showed  the  highest  activity.  This
extract  achieved  a  Q\^  and  Cl^^  when  tested  with  all  60  cell  lines,  while  it  achieved
a  LQ  with  83%  of  the  cell  lines.  Its  GL,  was  0.062  mg/mL.  None  of  the  plants
tested  met  the  criteria  for  specificity.
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DISCUSSION

Although  these  are  preliminary  results  from  a  small  data  sol,  vve  found  that  a
relatively  high  proportion  of  prairie  plants  with  historical  ethnomcdicnl  uses  were
active  in  anti-cancer  and  anti-AIDS  screening.  Further  testing  is  needed  to  quan-
tify  the  data,  including  replication  and  testing  with  different  cell  lines  and  different
viral  strains  of  HIV.

The  relatively  high  number  of  aqueous  extracts  we  found  to  be  active  in  the
AIDS  screen  is  likely  to  be  due  to  the  antiviral  activity  of  sulfated  polysaccharides

the
these  substances

fore  are  not  of  interest  in  the  screening  process  (Cardellinn  ct  al,  1993),  our  active
extracts  should  be  further  screened  using  alcohol  mediated  precipitation  to  elimi-
nate  the  polysaccharides  and  polyamide  adsorption  to  eliminate  false  positive
results  from  tannins.

In  the  anti-cancer  screen,  Junipcrus  virginiana  organic  extract's  C\^  oi  0.062
mg/mL  is  impressively  low  in  comparison  with  the  va'

known anti
pound  camptothecin  and  its  GI3Q  was  3.0  mg/
communication

specificity'
prising,  since  fewer  than  1%  of  the  plants  tested  by  the  NCI  show  evidence  of

We

llefol
ty

Juniperus  virginiana,  Liatris  punctata,  Monardafistulosa,  Silphium  lacunatum,  bilphmm
perfoliatum,  and  Solidago  canadensis).

Several  of  the  genera  we  tested  were  screened  in  the  NCI's  pre-1982  program
and  were  excluded  from  further  testing  based  on  the  large  number  of  extracts
screened  (Spjut  1985).  Our  results  show  some  anti-cancer  activity  for  the  organic
extracts  from  these  genera.  Spjut  stated  that  unless  a  different  screening  method
were  used,  there  were  diminishing  returns  from  additional  collections  of  these
genera.  Our  positive  results  suggest  that  re-evaluation  of  some  of  the  plants  tested

merited.  Ethnobotanical
didates.

When  comparing  the  rates  of  activity  in  a  sample  of  ethnomed
Its  with  a  random  sample,  it  is  important  that  the  term  "activplants  with  a  random  sample,  it  is  important

defined,  and  thai
approoriate  com

number

We
from  the  NCI's  primary  AIDS  screening  program  reported  by  Cardellina  etal{  1  993)
These  researchers,  using  data  obtained  through  October  1992,  reported  that  th(
proportion  of  terrestrial  plants  "selected  for  initial  follow-up"  was  13.9%  for  aque
ous  and  3.0%  for  oreanic  extracts.  Their  criterion  for  activity  was  any  extrac

chieving 50
mg/mL
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more  recent  comparative
(medicinal  and  non-medicinal

mbined),  reported  "percent  active"  rates  of  33.8%  for  aqueous  and  4.2%  for  or-
gamc  extracts.  1  he  criterion  for  activity  used  bv  this
an  ECgg  at  a  concentration
communication,  1997).  The

mg/mL  (Gordon  M

in" percent  active"  from  the  two  groups  using

cent  active. // mg/mL  to  define  our  "per
more  com

Authors  of  other  published  literature  have  not  always  stated  explicitly  what  crite-
ria  they  used  to  determine  whether  or  not  a  plant  extract  is  "active/'  making
comparisons  between

attempted
geted  plant  collections  result  in  higher  rates  of  active  extracts  being  identified,  the
data  from  the  NCI's  large-scale  screening  program  show  no  difference  in  rates  of
activity  between  medicinal  plants  and  non-medicinal  plants  (Cragg  et  al.  1994).
Ihese  data  may  seem  discouraging  to  those  who  advocate  using  an  ethnobotani-
cai  approach  to  collect  plants  in  the  search  for  new  drugs,  but  we  believe  it  means
that  ethnobotanists  need  to  do  a  better  job  of  targeting  our  collections  and  accu-
n  on  Jx"^^^^^^"^  ethnnomedical  uses  and  practices  to  our  screening  methods.  Balick

programs
most

aiseases  they  actually  treat.  Several  authors  have  pointed  out  the  difficulty  in  us-
thnomedical

efmed  disease  in  most  traditional  medical  systems
It  is  also  important  to  attempt  to  match  extraction
administration  used  by  healers  so  the  active  com

much  of  the  historical  ethnomedical
Finally,

(Famsworth

obtained  a  significantly  higher  rate  of  preliminary  anti-AIDS  activity  in  plants

ture
primary  (i.e.,  interviews)

ethnomedical  uses.  Primary
probably  more  accurate  and  reliable  bases  for  identifying  useful  new  compounds.

Although  some  authors  have  found  higher  rates  of  activity  among  plants  with
ettmomedical  uses,  expecting  to  identify  novel  therapeutic  compounds  from  tra-
aitional  niedicinal  plants  is  not  necessarily  realistic.  Native  traditional  practitioners
were,  and  continue  to  be,  sophisticated  in  their  ability  to  identify  plants  with  bio-
_ogical  activity,  and  to  use  them  therapeuticallv  However,  thev  did  not  use  them
m  me  context  of  Western  medicine  and  Western  disease  concepts.  The  g
native  healers  ~  finding  plants  that  work  for  the  medical  problems  of  the

unities  —  may  not  be  identical  to  those  of  modern  screening  programs  (i
novel  compounds  which  can  be  used  in  Western  medicine).

finally,  the  issue  of  intellectual  property  needs  to  be  considered.  The
^r^-H^'i  ""*  ^""^  '^''  '^"^y  f^"  i"to  what  Kloppenburg  and

middle  ground"  of  intellechial  ornnprfv  r,Vhi«  fl^.i  ic  ^l.r.K

of

//
mcK \^iy^'^j ^""'
used  regionally  by
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more  than  one  community  or  social  group,  and  [having]  differLMit  uses  in  different
communihes."  We  used  secondary  data  gathered  over  a  broad  range  of  time  and
the  entire  Prairie  Bioregion  to  target  the  plants  for  study.  Ne\'erfheli  ss,  wo  believe
that  Native  people  in  the  region  should  benefit  if  a  new  therapeutic  agent  were
identified  from  a  prairie  plant  that  they  traditionally  used.  Wp  arp  looking  for
suggestions  for  how  to  do  this.  The  use  of  royalties,  an  approach  often  called  for
by  advocates  of  indigenous  intellectual  property  rights,  would  be  prt)blem.itic  in
this  case  because  for  most  tribes,  commercialization  of  their  knowledge  is  a  viola-
tion  of  spiritual  beliefs.  Other  ways  to  give  something  in  return  might  be  the
establishment  of  a  scholarship  fund  for  Native  American  students  at  universities
or  other  institutions,  or  funding  medicinal  plant  gardens  or  ecoli>gical  restoration
on  the  Indian  reservations  in  the  region.

CONCLUSIONS

The  Indian  tribes  of  the  Prairie  Bioregion  in  North  America  used  at  least  203
species  of  medicinal  plants  (Kindscher  1992).  Tliese  plants  were  not  u^od  against
AIDS  because  native  people  did  not  encounter  this  disease  historically.  In  addi-
tion,  cancer  was  typically  not  identified  by  them  as  a  specific  disease.  However,
thp<;p  nlnnR  AA/prp  iiqpH  for  7R  rliffprpnt  tvnps  of  dispases  and  illnesses  (Table  1).  We

consHtuents
knowledge

random //

ledicinal  uses,  we  have  increased  our
HIV  in-\itro  screening  assay.  "Modi-
ie  (37,500  species)  has  lead  to  a  13.9"a

ctivity
from

ctivity
oes

useful  compounds  will  be  found,  it  does  show  the  promise  that  these  plants  po-
knowledge

learned
for  the  valuable  insights  it  can  offer,  one  of  which  is  leads  for  finding  plants  that
have  active  medicinal  constituents.  In  addition,  we  believe  that  plants  of  native
prairies  and  other  ecosystems  in  our  own  continent  merit  further  exploration  and
study.
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