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December 12,2007 

A C O N S T E L L A T I O N   C O M P A N Y  

CanandaiguaWine 

-" , I_ ,".____. . . -  - -? 

Re:  Notification  of  GRAS  Determination  for  MegaNaturalTM  Gold  Grape 
Seed  Extract  (GSE)  and  Grape  Skin  Extract  (GSKE)  Use in 
Beverage  Products: 
GRAS Exemption Claim 

Dear  Sir or Madam: 

Pu'rsuant to FDA's policy  described  at  62  Fed.  Reg.  18938,  18960 (April 17,  1997), 
Polyphenolics,  Inc.  hereby  notifies  the  Food  and  Drug  Administration  (FDA)  that it has 
determined  that the use  of  MegaNaturalTM  Gold  grape  seed  extract  and  grape  skin 
extract in beverage  products is "generally  recognized  as  safe"  (GRAS)  and is therefore 
exempt  from the premarket  approval  requirements  of  the  Federal  Food,  Drug  and 
Cosmetic  Act.  A  detailed  summary  of the basis for the GRAS  determination is attached 
to this GRAS  exemption  claim.  The  following  information is provided  under  proposed 
21 C.F.R. 5 170.36(~)(1): 

Notifier:  Polyphenolics,  Inc. 
72667Road24 
Madera, CA 93637 
Edward J. Race 
Director of Research 

GRAS  Substance:  MegaNaturaITM  Gold  Grape  Seed  Extract  (GSE)  and  Grape 
Skin  Extract  (GSKE) 

080005 
Polyphenolics 

Potyphenollcs 9 12667 Road 24, Madera. CA 93639  (559) 661 5500 . FAX (559) 661 3400  www  cwtne corn 



Intended  Use:  These  substances  are  intended  for  interchangeable  addition 
to fruit juice  and  fruit  flavored  beverages  at  a  composite total 
concentration  up to 210 ppm  as  antioxidants  to  retard 
deterioration. 

Basis for GRAS 
Determination:  Scientific  Procedures 

The  data’  and  information  that  are  the  basis  for  Polyphenolics’ GRAS determination  are 
available for FDA’s  review  and  copying  at  reasonable  times at the  offices of 

Mr. Bob Nicolas 
McDermott, Will and Emery 
600 7Yh Sfreef NW 
Washington, DC 20005. 

In addition,  Polyphenolics  agrees to send  the  material to FDA  at  the  agency’s  request. 

                            
Director of Research 
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G'TOS'SARY AM:D ABBREVIATIONS 

,anthocyanins  Hydrolysa'ble  tannins.  The  hydrolysable  tannins  consist of gallic 
acid  and its dimeric  condensation  product,  hexahydroxydiphenic  acid, 
esterified to a  polyol,  primarily  glucose  [Bravo, 19981. As their  name 
would  indicate,  these  tannins  are  easily  hydrolyzed  with  acid,  alkali,  hot 
water,  and  enzymatic  action,  which  yield  polyhydric  alcohol  and 
phenylcarboxylic  acid.  The  hydrolysable tamins can be  further  subdivided 
into gallotan'nins, or ellagitannins. 

a:nth,ocyalnidins  Pol'yphenolic  compounds  formed  upon  acid  hydrolysis  of  PACs. 

antioxidants Compounds that can  interact with or scavenge ROS and  are  found 

FDA. 

fbvano'ls 

flavonoid 

GMS 

G.S E 

GS,KE 

N,OAEL 

N,OEL 

NTP 

'PAAC(s), 

throughout  nature.  They  have  'been  identified in soy products,  certain 
types of algae,  various  seed  oils  (including  grape  seed  oil),  a  variety  of 
fruits and  vegetables,  and in certain  herbs.  The  consumption of natural 
antioxidants  such  as  polyphenols,  vitamins  C  and E, and  carotinoids 
through  the diet can  contribute to the  natural defense mechanism of the 
human'  body. 

United  States  'Food  and  Drug  Administration. 

The  group of flavonoids  with  the  lowest  oxidation level of the  pyran  ring-C, 
as, ,it  contains only one  hydroxyl in position C3, therefore  the  term  flavan-3- 
01. Also' referred to as'  the  catechins. 

A subclass' of the body of polyphenols  and  can  be  characterized  by  divisio 
into several  classes  according to the  degree of oxidation of the oxygen 
heterocycle  including  flavones,  flavonols,  isoflavones,  anthocyanins, 
ftavonols,  and PACs. 

Generally  recognized  as safe. 

M~egaNaturaP Gold grape  seed  extract. 

MegaNaturaP Gold'  grape  skin  extract. 

No-Observed-Adverse-Effect  Level. 

No-Observed-Effect  Level,. 

N'ational  Toxicology  Program. A #Federal  Program  that  actively  seeks  to 
identrfy,'  select, and  study  chemicals  and  other agents for  which  sufficient 
information is not  available to adequately  evaluate  potential  human  health 
h amrd's. 

Proanthocyanid,in(s)  are  oligomeric  flavanols. 00005-0 

iii 



p,henols8 Any of the various acidic  compounds  analogous to phenol and regarded 
as hydroxyl derivatives  or  aromatic  hydrocarbons. 

8pJkenol;ic acids  Hlydroxycarboxylic  acids  with  phenolic  hydroxyl  groups. Also occur 
wid.ely in natu're in the  form of their  esters,  ethers, or in their free  forms. 
Examples  include caffeic,  chlorogenic,  ferulic,  gallic,  and  ellagic  acid. 

;po[&henolis8 A class of compounds  characterized by a poly hydroxy  phenol  consisting 
of three distinct ring  components. 

:procyani'd!ins' A class of tannins  which  derive  from  catechin and epicatechin 

RO!S Reactive  oxygen  species  such  as  singlet oxygen ' 0 2  and 02" , OH', NO', 
and. akyt peroxide free  radicals.  The  generation of these  reactive  oxygen 
species (ROS), produced  by  a  variety of enzymatic  reactions,  beyond  the 
antioxidant  capacity of 3, biological  system gives rise to oxidative  stress. 

tannins8 Polymeric  proanthocyanidins of 'which  several  classes  can  be  determined 
based  u,pon' the' hydroxylation  pattern  of  the  constitutive  units. 
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INTRODUCTION 

1:. 1~ 'Declaration of Intent 

T:h,e,  Poty,p,henolics  Division of the 'Canandaigua  Wine  Company  Inc.  wishes  to  market 
8M~eg:a.NaturafiTlM' Gold  grape  seed  extract  (GSE)  and  MegaNaturalTM Gold grape  skin 
extract (GSIK:E,) composed of polyphenolic  proanthocyanidins  as  a  generally  recognized 
asj safe (GRAS') food  ing'redients  for  use  in  fruit  juices  and  fruit  flavored  beverages at a 

, 'concentration1 of approximate1,y 210 ppm, (w/v) or 50 mg  per 8 fluid  ounce  serving.  The 
promthocyanidins8 (PACs) are intended for use  as  an  antioxidant  added  to  foods  to 
retardr dete~oration. Antioxidant  activity may  also  provide  a  nutritional  benefit  in 
scavenging  reactive  oxygen  and  nitrogen  species,  which  may  provide  support against 
poten4tia181ry e'levated  levels 'of LDL  cholesterol  and  possibly  cancer.  Furthermore,  their 
actions 1ma.y .modulate'  immune  function  and  platelet  aggregation. 

Th.e  purpose' of this  notification of GRAS determination is to  review the chemical  nature 
a,nd: occurrence of 'poly,phenolic  PAC  su'bstances  present in grape  seed  and  skin 
extracts,, as' well1 as' to 'provide  a  summary  of  the  technical,  safety  and  product 
intomation, and considerations  used  to  support  the  evaluation of polyphenolic  PACs,  as 
aintioxida;nt,  substances  added to food  products,  to  be  generally  recognized as safe 

N(,G:RAS)~. This, determination  was  carried  out  by  an  independent  panel  of  recognized 
expe.rts',  hereinafter  refe.rred to as'  the  Expert  Panel,  qualified  by  their  scientific  training 
andl rerevant, nationals and'  international'  experience  to  evaluate the safety of food  and 
 food^ ingredients.  A  comprehensive  search of the  scientific  literature  for  safety  and 
toxicity 'infomation, on GS'E,, GSKE,  constituent  proanthocya.nidins,  and  related 
poly,phen:ools.  was.  conducted  through  August 2001 , summarized  as a report  to  the  Expert 
&'an:el, and subsequently  mad,e  available to the  Expert  Panel.  Based  on  that 
compreh,ensi;ve  literature  review  and, the results  and  analyses  of  currently  unpublished 
safely studlies on G'SE I GSKE,  this  report  aided  and  facilitated  the  work  of  the  Expert 
Pan:el~ 'in their deliberation1 of GRAS status  for GSE / GSKE. All of  this  information  .is 

,prwi'dled herein  with  the, exception, of specific  confidential  information  regarding  the 

OOOQl.3 
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man,ufa'adwing process and the  'exact  polyphenolic  make  up of the MegaNaturalm Gold 
GSE,  and,  G'S:KE  products.  The  Expert  Panel  independently  evaluated the material 
sdbrnittedr, as  well  as 'other 'materials  deemed  appropriate  or  necessary.  Following 
indiepencient, critical evakation,  the Expert  'Panel  conferred  and  unanimously  agreed to 
fhe48decisionm that MegaNaturalm  Gold  GSE  and  GSKE,  meeting  the  specifications  cited, 
is:  g,enet;a:lly  recognized  as  safe  (GRAS)  ;by  scientific  procedures  when used in fruit juice 

andl fruit flavored'  'beverages as an antioxidant to retard  deterioration,  provided it is  used 
:in1 acco,rd:ance,  with current Good  Manufacturing  Practice (21CFR§182.l(b)) in an 

amount not to exceed'  210  ppm  (w/v) in the  finished  beverage  products.  A  complete 
an,d signed,  copy of the  Expert  Pa,nel,  Statement  has  been  proved  herein in Appendix  A 
'of this dossier. 

l i  .2 Regul'atory  Basis For GRAS Determination 

As; per vdlurne' 62 of the  iFede8ral  Register,  'page 18938, (proposed  21  CFR  $1  70.36), 
the  Canandaigua  Wine  Company's Polypheno1,ics Brand  wishes to notify the Food  and 
lDmg: Administration  (FDA)  that  'it  'has  determined that the use of its  MegaNaturalTM  Gold 
G,ralpe  Seed'  'Extract '(GSE) and Gold  Grape Skin Extract  (GSKE) is Generally 
IRecog.nized'  as' 'Safe  (GRAS) for use  as an antioxidant in fruit  juice, fruit flavored 
bevetag.es, h i t  flavored,  'beverage  mixes',  and  carbonated  fruit  flavored  beverages. 
Grape skin. extract is already  regulated  as a color  additive  mixture  for food uses  under 
21; CFR, 573.1708. 

The GfWS determinationl  for  beverage'  use  of  GSE  and  GSKE  is  based in part  upon 
lreuiew 'by a.  palnel, of: Experts  qualified  by  scientific  training  and  experience to evaluate . 
the 'safetyof; food  and,  food  ingred,ients  lusing  scientific  procedures  and  would be exempt 
from the pre-rna'rket  approval  requirements  of the Federal Food,  Drug  and  Cosmetic 
Ad,, This report provides  information  required  by  proposed  21 CFR. §170.36(~)(2), (3), 
.anct (9) to: support an evaluation  by  a  :panel  of  qualified.  experts in fulfillment  of  the 
req,u:ire:rnents of: 21 CFR. §170.36(~)(4)(1)(~). The  requirements  of the proposed 
lreg;u'i!ation. with: the  sections  containing  the  relevant  information  are  described below: 

000014 
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Requirements of the Proposed Rule: 

II $:lr70.36(~)(2): Detailed1 information  about  the  identity of the  notified 
'suibstance;  composition;  method  of  'manufacture;  characteristic 
poperties; and  s,pecifications 
§,lr17:08.,36(~)(3j: fnforrnation  on,  any  self-limiting  levels of use 

tl §.li70'.3:6(~j(~)(J~)(a,): Comprehensive  'discussion  of,  and  citations  to, 
ge,nerally  available  and^ accepted  scientific  data  and  information, 
includrilng  consideration of ,probable  consumption 
§l;7,0.36Cc)(4)(l')(c): The basis  for  conclud,ing  that  there is a 
,consensus  among  qualified  experts  that  there  is  reasonable 
certa,inty that the'  substance  is  not  harmful  under  the  intended 
condiitions, 'of use 

The: determination'  that  the  MegaNaturalTM  Gold  GSE  and  GSKE  are GRAS meets  the 
8applica,ble  reqyl.irements for the  technical  element  and  common  knowledge  element of a 
GRASS determination is ' based on scientific  procedures.  The  scientific  data  and 
1intor;rnationl  su,mmarized in th'is  re,port  reflect a thorough  review of the relevant  literature 
deating with' PACs,, other  polyp,h,enols,  and  reflects  the  result of non-clinical  laboratory 
studies of GS;E 'and GSKE conducted~  in  accordance  with  generally  accepted  scientific 
pmced~uresl.,  'Furthermore,  thlis  information  has  been  supplemented  by  the  use of 
'scientificaily  'relevant  statistical  reference  sources,  compendia, books, and  reviews. 

Canartdaaigua Wine Company's G;WS determination is based  on the weight  of  all of the 
a,va8i:liab~le scientific  information and  grounded  upon  generally  available  scientific  data, 
'induding the consensus  among  a  !pane'l of qua'lified  experts,  that  there  was  reasonable 
certaim4y that: these  substan,ces  will  not  be  harmful  under  the  intended  conditions  of  use. 
Thi:s G,RAS, determination,  therefore  ;meets the requirements  of §201(s) of  the  Federal 
'Food,, !Drug', and Cosmetic  Act; 21, C.F.R. g170.3  and  5170.30;  and the amendments to 
th,ese' rules ,proposed in' 62 Fed.  Reg.  18960. 



' I i  .3: Summary Basis for GRAS Status 

A, ~su,mmary ,basis for the 'evaluation of GRAS status  for the MegaNaturalN Gold  grape 

seedi e x h c t  (GSE)'  and g'rape skin  extract  (GS'KE)  has been provided  below.  Further 
discussion of each of these points  can  ,be  found  elsewhere in this  document. 

The :potyphenolic  compounds  comprising the MegaNatural"  Gold GSE  and 
GSKE are naturally  occu,rring  and  found in diverse  types  of  foods. 
hafake from the proposed  use in beverages  and  beverage  products is within  the 
'range'of normal dmietary intakes. 
The ,chemical  co,mposition of the GSE and  GSKE  products  is  well  characterized 
andl their composition'  'is reflective of the  naturally  occurring  component  profiles. , 

G,S,E~ and' GSK'E are manufactured  by  aqueous  extraction  producing  a  product 
'demonstrated to reproducibly  meet  compositional  specifications  while  complying 
with l'irnits estabkhed by FDA for the presence of heavy  metals  and  pesticide 
'residues'  ,in  grapes- 
The functionality of the constituent  :polyphenols in GSE  and  GSKE  as  an 
antioxidant  is well1 'recognized in grape juice and grape beverages  such as  wine, 
with. strong  supporting,  evidence  demonstrating that antioxidant  activity  is 
extended to biolog,ical  systems. 

mPreclinical,  safety  data  for  the GSE  and  GSKE  products  demonstrated  an 
absence of mutag,enic  activity  and, a lack of long-term  adverse  effects in daily 
doses' to rats up to at least 1780 mgkg in males  and  21 50 mglkg in  females. 
There is supporting  evidence for the  safety of GSE  and  GSKE in humans from 
 clinical^ 'investigations of 'possible  beneficial  health  effects. 

POLYPMfMOL 'CHEMISTRY AND ANTIOXIDANT CAPACITY 

Polyphenol~ic Compounds 

Phenolic  compou,nd!s 'or polyphenols  constitute an extremely  complex  and  widely 
'd:istributed group of 'plant  substances.  Polyphenols are the  products of plant 
.meta6ol'is,m  and  amrise from two main  synthetic  pathways;  the  Shikimate  and  the  acetate 
pathmys,. Natural; po1;yphenol.s can;  range  from  simple  molecules,  such as phenolic 
a,cidB, to :hig,hl,y :pdymerized' compounds.  Below,  Table  2.1  [Bravo, 19981 illustrates  the . 

basic chernlical;  structu,res8 of several,  'important  classes of 'polyphenolic  compounds. 

800016 
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Table; 2.1  'Main 'Classes, of Polyphenol,ic Compounds 

~ 'CklSS Basic Structure Basic Skeleton 



Table 2.2 Class:ifi,cation of 'Food  iFlavonoids 
tF'Iavonoid~ Basic Structure 

Ch,aflcones 

A u o n e s  

F3avorr:cs 

FlavarndLo'l. o r  
1e.ucosnr.hocya'nidin 



The com;mon flavonoid structure  is that 'of a  diphenylpropane (C&&), which  consists 
of two alromatic rings  #linked  through  three  carbons  that  usually  form  an  oxygenated 

heterocycf'e.  The'  catechins, OF flavanols, are a  colorless,  water-soluble,  and  oxygen 
se-nsttive; 'group 'of substalnces. They  are  regarded  as  the  group of flavonoids  with  the 
lowest oxidation' f'evel, of the pyran  ring-Cy  as it contains only one  hydroxyl in position 

C,3, h,ence the' term flavan-3-01  [K'uhnau, 19761. The basic  structure  and  the  system 
IUS& fo.r numbering the carbons i,n a1 basic  flavonoid  molecule  are  represented  below in 
Fig,ure 2..1;.. As illustrated 'in  Table 2.2, PACs  are  oligomers  based  upon  flavan-3-01 
!monomer !units. 

,F'i,g,u:re 2.1; ,Bas;ic Flavonoid  Structure  and  Numbering  System 

3' 

5 4 

4' 

5' 

Bi'ogeneticallv,  the  A-ring  usually  comes from a  molecule of resorcinol or 'phloroglucinol 
~slyn.t.hesized  via the  acetate  pathway,  whereas the B-ring is derived  through  the 
S;h:ikimate,  pathway  [Bravo,, 19981. The  flavonoids  occasionally  occur in plants as 

ag;il:ycones', although  they are most  commonly  found as glycoside  derivatives. 

,, 

Pm.liypihen:ols~  at'so have a recognized  biological  activity.  In  grapes  and  grape  products,  it 
,isl &e ,phenetic compound,s that  have  been  suggested as possibly  playing  a  significant 

d e  in p:reventing: or delaying the onset of cardiovascular  disease,  cancer, and other 
conditions8. The, phenolic  compounds in grapes include phenolic  acids,,  anthocyanins, 



fl;a;vonofs#,  flavan-3-ols,  and^ tamins. These  compou,nds are secondary  plant  metabolites 

I' 

thak  co:ntribuLtbe iIn an important  manner  to  the  flavor  and  color  characteristics of grapes, 

.gra,pe j,u,ices a'nd wines'.  The  content of these  compounds  can  vary  with  the  variety, 
#d.egiree' of' rnaturii, and part of the grape  evaluated.  ,Macheix et a/., [I9901 identified 
dli8fer;ences Iin,, the monomeric flavan-3-01  and PAC content (dimers BI-B~, trimers,  and 
,fefra:me#rs) trmn a  variety of berry  skins  isolated  from  fresh  samples of Vitis vinifera 

exe.mp'l,ified! ~befow 'in Table 2.3. The  percentages of the  different PACs identified in the 
g;rape sk im ,are  su,pplied,  'in  Table 2.4' 

T'ab:le 2.3'# Monomeric Flava'n-3lol and Polymeric PAC Content  in  the  Berry  Skin ' 

from! Vifis vihifera Cultivars  (mg 1100 g  fresh  weight) 

' I  1 1  Average 1~ 13.3 (79% catechin) 64.0  50.5 

Tabl:e'2,4, 'Proanth,ocyan,i,din  Percentages in Grape  Skin 

t Proanthocyanidin Percentages (Extreme Values) 

I 

83 6 (3-20) I 
! 
! 
I B4 

24  (9-41) I \  Trimer 
5 (2-1 7) 

I 

I I 

~1 Tetramer 23 (14-40) 

8 
I: 



2., f .  7 Proanthocyanidins 

Proanthocyanidins  are  ,phenol'ic  compounds  characterized  by  a  flavonoid  system  with 

Qkee  distinct ring components.  The  term  'tann'ins'  refers  to  the  abil'ity of these 
fmofecuies to 8complex  with:  proteins,  originally  permitting'  their  use  in  the  production  of 
l'eath,er from- hide.,  Severa'l,  classes can 'be  distinguished  on  the  basis of the 
lhydlruxylation3  padiern of th,e  constitutive  units.  Among  them are procyanidins,  which 
derike from catechin and epicatech,in  I[Escribano-~Bailon et a/., 19951, and  have  been 

repofied to occur in'  grapes.  The  proanthocyanidins  (PACs)  are  characterized  by the 
,an$hocyan,idins (e.g. cya8nid,in)l  that  are  formed upon acid'  hydrolysis.  Anthocyanins 
mde~vedl from, these  and  other  a,nthocyanidins  are  the  pigments  present  in  flower  and  fruit 
andi more ,rarely in' wood  and:  bark  from  certain  trees  [Cheynier .et a/., 19971. 

1I:n; !pla:nts,  PACs  occur  as a mixture of oligomers  and  polymers.  Therefore,  their 
stmctura'l analysis  requ'ires  prior  fractionation,  usually  involving  Sephadex LH20 
c'hmmatography and, high  ,performance  liquid  chromatograp'hy  (HPLC)  [Plumb et a/., 
li998,, .Adarnsonl et a/., $999; Gabetta et a/., 20001. The  degree  of  polymerization  may 
vary g:rea$iy;, PACs up to 20,000 in  mo'lecular  weight  have  been  described  [Cheynier et 
.all,, $9971, ;Labarbe et ai., [Il999], developed  a  ,method  for  the  fractionation of grape  seed 
'OF $kin and:  estimated that the  mean  degree  of  polymerization of separated PACs 
,ra,nged;  increasingly from 4.7 to  17.4 in the seed  (8.1  for total  extract)  and 9.3 to 73.8 in 
the skin' (34.9; for total  extract). 

The PACs  have' long been  associated  with  nonspecific  protein  interaction  and  the 
dassica't taming; :process.  However,  these  compounds  are  also  considered  essential 
,com.ponents of a, wine3 flavor  and  ag:ing  potential.  They  are  known  to  interact  with  the 
p:We,in, compnents of sai;iva and  produce  the  characteristic  astringency  associated  with 
young;! 'redl  wilnes. Their  inherent  antioxidant  capacity is also  responsible  for  their 
,co,ntribulion to8 the aging  of  fine  ,red  wines.  Red  wines  contain'  over  20  times  the  levels 
ofi'piACs a:nd~ certain1 flavanones  compared  with  white  wines williams and  Elliot, 19971. 
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.Rant, tan'n'ins, can be  subd'ivided  into two major  groups:  (1)  hydrolyzable  and (2) 
condensed: tamins. The  'hydrolysable  tannins  consist  of  gallic  acid  and its dimeric 
cond:ensation,  !prod.uct,  hexahydroxyd'iphenic  acid,  esterified to a poiyol,  primarily 
gfwose [Bravo, 1,9981.  As their name  would  indicate,  these  tannins  are  easily 
:&;yrdrol:yzedl w'ifh acid,  alkali, 'hot  water,  and  enzymatic  action,  which  yield  polyhydric 
el'cohol~ and;  ,phenylcarboxylNic acid.  The  hydrolysa'ble  tannins  can  be  further  subdivided 
into g.aIio;ta:n.ni,ns, or ellagitannins.  Gallotan,nins  yield  glucose  and  gallic acid on 
8hycE;t;o"iysis, :by  acids,  'bases',  or  certain  enzymes.  Ellagitannins  contain  one or more 
hexah;y&oxydiphenol  residues,  which  are  l,inked'  to  glucose  as  a  diester,  in  addition  to 
ga:lliic;  #acid:., U.pon~ h:yd#rolysis,,  th,e  hydrodiphenol,  residue  undergoes  lactonization  to 
'prod,u'ce  ellagic  acid  [Chung,  1998aj.  The  oligomeric  derivatives of gallic  and  ellagic 
a,c'idl a,re  ;not  ipresent 'in1 :grapes  but  ma'y  'result in wines as transformation  products of the 
o'r2gi:nai; phenolic  compounds  present. 

Con,diensed tannin PACs are  h,ig:h  molecular  weight  oligomers  and  polymers.  The 
8m,oon,orneri'c uniil ,is a ffavan-3-01,. The  monomeric  units  are  usually  linked  through 
'oxidative  condensation' by carbon-carbon,  ,bonds,  normally  between carbon4 on of the 
:hete,rocyck? C-ring; alnd: carbons C-6 or 'C-8 of adjacent  'units  [Bravo, 19981. Much of the 
llilterat~~re. on: the conden'sed tannin content of different  'plants  refers  to  oligomeric  PACs 
as poiiyrnsw in which' ' a  degree of lpo'lyrnerization of 50 or  g'reater  can  occur.  The  most 
'c(om:monl;y described condiensed  tannin  PACs  have  molecular  weights  of  approximately 
5,,,0008 Dalton8sl,  8altfioug8h8  polymers with molecular  weights  greater  than 30,000 Daltons 
Ika;ve   be en' ,dIismvered. 

The #biosynthesis' of the  ,parent  precursor  flavan-3-ols,  (+)-catechin  and  (-)-epicatechin, 
representedl  below in 'Figure 2.2 as' (1)  and (2), respectively,  arises  from the Shikimate- 
Chorsmate,  !pathway  by 'a1 sequ,ence of reductions  and  condensation  steps  involving 
trans and cis, flavan-3,4diols.  These  transient  diols  subsequently  condense via 
enzyme-catata3yzed reactions to give  a  series of dimeric,  trimeric  and  oligomeric PACs 
williia,ms,  and^ Elliot,,  199'71.. As ;many as' 2,O different  dimeric  and  trimeric  PACs  have 
' k e n  identified ;in gralpe seeds  and  skins.  Only  6-ty,pe  'PACs,  meaning  the  active  site in 

808822 
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sca,venging  free  lradicals is found on the  ,B-ring,  are  present in grapes.  They  usually 
consist of (+)-catechin,  (-')-epicatechin  and (-)-epicatechin-3-O-gallate units.  With 
regard to grapes  and  wine,  perhaps the most  widely  studied  sequence of condensed 
PACs is, the 'B-series,  which  include  dimers B1 through B8. These are shown below in 
Figu,re 2#2. 

- 
Figure 2.2 Grape seed and'  wine  'proanthocyanidins williams and  Elliot, 19971 

( 5 ) s  B 3 : R ' :  0 H . R  = H 

( 6 )  = 6 4 ;  R ' =  H ,  R = O H  

OH 

HO- 

- "OH 



in grapes,  the' PACs tend to accu'mulate  in the seed.  Smaller  quantities of these 
materi,al:s  ,can  ,be  isolated  from  grape  skins  a'nd  stems.  Polymeric  tannins  are  much 
mmo,re abundiant than mono.mers  and  dimers  both 'in seeds  and  in  grape  skin  [Cheynier et 
a/".,, 1997j. Reversed-phase  HPLC  analysis  has  shown  that  grape  seed  tannins  consist 
OS parfly galloyt'ated'  ,procyanmidins,  whereas  grape  also  contain  prodelphinidins, 
loccu;rdng 'a's.  f-)-epig'al,locatechin  lbenzylthioether  derivatives.  Grape  seeds  were  found 
.to8 co,ntain! 1I.arger a'mounts of tannins  and  larger  'proportions of galloylated  units  than 
p p e  skins'  'but the averag,e  molecular  weights of these  compounds  were  higher  in the 
s~kj:n fha,n in' the  seed^ of all studjied  varieties, The relative  composition of seed  and  skin 
fan,nin.s with al  degree of polymerization of greater  than two u,nits  was  determined  for two 

Vifis 'vinifera varieties and is presented  below in Figure 2.3. 

Figwe. 2.3, ,Com.positi,on 'Of Polymeric  Tannins In The  Seeds  And  Skins Of Two 
Vitk vinifera Varieties  as  Determined  by  Thiolysis  [Cheynier, 19971 

Carignan 

ElGalloylated  procyanidins 

Seeds Skins 

Cabernet franc 

!I 

EJGalloylated  procyanidins 
UProdelDhinidins 

Seeds  Skins 
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T,he 0r;ga:nol:eptic  mproperti,es  and reactivity of tannins,  including  radical  scavenging 
effects  and!  lproiein-binding  ability,  largely  depend  on their structures. In particular,  the 
,n:umiber OB actilve  sites hcreases with  the  degree of polymerization  and  with  gallate 
esteriticafion;.  The,ir;  a.ccessibility  may  'be  influenced  by  the  position  of the carbon-carbon 
intedlavaniie  'linkages  and'  that of the  galloyi  substituents  '[Cheynier et a/., 1997)  The 
€b8mall iid:entifition: of PACs, inchding the  determination of the  carbon-carbon  bond 
position,,,  req,u:ires:  sophisticated NMR techniques  [Cheynier et a/., 19971.  Furthermore, 
the pu,,dficatio,n of the tannins  'becomes  increasingly  difficult  as  their  molecular  weight 
lin,creases',,  ,du.e to  the  larger  Inumber of possible  isomers,  smaller  amounts  of  each 
indiibvjduali  co,mpou~nd,,  and; poorer  resolution of the chromatographic  profiles.  This  is 

es:peci;allly true int the  'case of glrape  products,  which  contain a  large  diversity of tannin 
stw:c'iu.r;esl,  based  on semral 'monomers  [Cheynier et a/., 19971.  However, the  major 
o1,i:gome:ric procyanidins hmaxe also  been,  quantified  individually in various  grape  extracts 
'by rever;se-,phase HPLC. Concentrationl of these  oligomers in 'plant  tissue  was  relatively 
#!ow ,compared, to that of ilarger  molecular  weight  tannins.  Table 2.5 lists  some of those 
PACs and,  monomeric  flavan,-3-ols  isolated  from  grape  seed  and  skin. 

Table 2.5, :Proanth,ocyanidins imn Grape  Seeds and Grape Skin [Santos-Buelga et 
ai., 1:9951 

Compounds isolated from seeds: 
Catechin-(4-8)-catechin-(4-8)-catechin (C2) 
Catech,in-(48)-catechin~ '(83) 
'Epicatechin-(4-8)epicatechin~ (BI) 
(+)-Catechin1 
Epicatec~in-(4-8)epicatechin-(4-8)-catechin 
Catechin-(4-8)-epicatechin ( 8 4 )  
Catechiny(4-8)-catechin-(4-8)-epicatechin 
Epicatechin-(4-6)-epicatechin-(4-6)-catechin 
Catechin-(4-6)-catechin8 (B6)' 
Epicatechin-(4-6)-epicatechin-(4-8)-epicatechin 
Epicatechin-(4-8)-epicatechin-(B2) 
~Epicatedhin-~4-8)-epicatechin-3-O-gallate-(4-8)catechin 
Epicatechin-3-0-galiate-(4-8~)-epicatechin-(B2-3-O-gaIIate) 
(-)-Epicatechin 
Catechini-~.~~epicatechin-3-ega'lIate (B4-3'-Ogallate) 
Epicatechin-(4-8)-epicatechin-(4-6)-catechin 
Epicatechin-3-0-gallate-(4-8)-catechin-(B1-3-O-gallate) 
.Epicatechin-{46)-catechin-(B7) 000825 
Epicatech'in-(4-8)-epicatechin-(4-8)-epicatechin (Cl) 

13 



Table' 2.5 Proanthocyan'idi,ns :in Grape Seeds and' Grape Skin  [Santos-Buelga et 
ai., 1.9951; 

I ~Epicatechin-(4-8~~picatechin-(4-8)-epicatechin-(4-8)-epicatechin 
~ ~-(-3-Epicatechinn-3-O-gailate 

lEpi~techin-~-O;lallate-(4-6)-catechin-(B7-3-0-gallate)' 
~Epicatechin-3-O-gallate-(4-8)-epicatechin-3-O-gallate (82-3.3'-0-digaIlate) 

s Epjcatedhin-(4-8')-epicatechin-(4-8)-epicatechin-3-O;laIIate 
0' :Epi;catechij;l-(~)-epicatechin-3-O-gallate (4-8)-epicatechin-3-O-gallate 
e 8Epica.te&in+$-6)picatechin (Dimer B5) 
'Compounds' ~Esolated- fr;om, skins: 

Catechin,-(M)-catechin (Dimer 83) 
oI 'Epicatecfiin-(+8)-catechin (Dimer B1) 
01 (+)-Catechin1 

Epikatechn-(44-8)-epicatechin-(4-8)-catechin 
II' Catechin-(48)-epicatechin (Dimer 'B4) 

'0 'Epicateshin-C'4-8)epicatechin-(4-8)-epicatechin (Trimer C,) 
0' C-')-Epicatecfiin-3.O-gallate' 

,Epicatech,in-(4-8)-epicatechin-3-O-gallate (Br3'0-gallate) 

2. $ 2  ,Phenolic Acids 

~PRe,no'l.ic  a,cids (le. hydroxycarboxy1;ic  acids  with  p'henolic  hydroxyl  groups) also  occur 
widel$ i~n 'nature in, the' f o m  of 'esters,  ethers,  or in their free  forms.  Some  'phenolic 
acids,,,  nalmel'y caffeic,  chlorogenic,  ferulic,  gallic, and  ellagic  acid  have  been  found  to  be 
:phar;rnaco~logicall,y active 'as'  antioxidant,  antimutagenic,  and  anticarcinogenic  agents 
jtsl:aikaiyamal,, f992; S'ha'hrzad,, 19961. Catechin  and  epicatechin  have  also  been 
demonstrated to be, effective iin the  suppression of hydroxyl  rad,ical  formation  [Iwahash#i 

e't ak, 1990.1;. Th,ere :is extensive  1,iteratwe  on  the  determination of phenolic  acids in 
foodstu#"s. 'However,, quantification  can  often be  difficult  due to sample  complexity.  The 
'NiPlLG technique ,is the most commonly  used  method for the  determination of phenolic 
acid,s ,in8 diiferent,  samples. lin green  and  black  grape  juices, only minor  amounts of 
phe.nol,ic  acids occw in the free  state;  most  a're  present in conjugated forms that  can  be 
,liberated; ,by 'hydrol~ysis;.  Table 2.6 lists  the  'phenolic  acids  present in green  and  black 

gira:pe  ju;ice., The values  a're  ta;ken  as the 'mean [k SD) of eight  replicates. 



Tabl:e  2.,6' Ph,enolic Acids in Grape Juices (mg/l) 

// 

~~~ . 

~  phenolic Aci:d: 
' 1  

Black  Grape  Juice ~' Green Grape Juice 

:i G a l k  Acid 1.45M.05 1 10+6 

22+1  1.05k0.04 l82:9H;5 0.37k08.04 I C&fejc Acid I 
0.0 0.1k0.05 ' 0.0 0.0 Worogen'ic Acidl I ;  

79+7 5.24k0.08 

1" 
: 

~ F~ie~tic, Acidi '0.7kO.03 3.3M.1 0.1H.04 5.0H.3 
1 Ellagic Acid: '; 0.28&0;05 0.6H.1 0.41i0.05  0.6M.1 

Free Hydrolyzed Free Hydrolyzed 

~ .* ~~~ ~ ~~~ ~ 

1 

2.2: Antioxidant Capacity 

The M:egaN!aturalNm Gold: GSE and 'GSKE line  of  products  'have  been  evaluated  as 
G8FWSl by a! panel of  qualified  experts  status  based  on  scientific  procedures.  They  are 
cmposed of; monomeric  and  oligomeric  flavano'ls (PACs), which  are  employed  as  an 
,a'nti'oxid,a,nlr: when added: to  beverage  products. In general,  oligomeric PACs have  also 
attracted increased  attention1 in  the  fields of ,nutrition  and  medicine  due to their  potential 
'heaItR  ben.efits  !based; on' effeds observed in vitro and in vivo. Naturally  occurring 
substances  with'  antioxidant proper;ties  when  present  in  food'  products  have  been 
d'e,mon:stra:ated to have'  antioxidant  activity in vivo, 'including the ability to scavenge 
reactive,  oxyg,en  and.  nitrogen.  species.  Importantly,  the  use of select  flavonoids to infer 
ep:i&mniotogii=al: relationsh,ips  to  health  and,  disease  may  'be  confounded  by  different 
favonoids that lmamy exhibit  varying  physiological  effects.  Extensive  research  has  been 
conducted to8 investigate  potential^ reiafions'hips  between  flavonoid  structure  and 
biolugiilcaf~  activ,ity,  especial'ly  ,as  'related to antioxidant  properties.  This  research 
i:sd:icafes, that  the hydrovlation, pattern 'is a  key  factor.  Little is known  regarding  the 
impa,ct of,the'd'egree of polymerization of ~PACs [Hammerstone et a/., 20001. 

,A 8n.u:rnber 08 'hig,hly  #reactive 'oxygen1  species  such  as  'singlet  oxygen '02 and Oz", OH', 
NiO',, and al~kyt  peroxide  free  radicals  are  regularly  produced  in  the  course of human 
Imetabo'lism :Hu,mans possess  a wide  variety  of  antioxidant  physiological  defenses  that 

scaveng,e  radicals,  chelate  ,meta'ls  involved  in  their  formation,  and  repair  damage.  The 
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giehera'ation; of these reactive  oxygen  species (ROS), produced  by a variety  of  enzymatic 
reactionms;,, beyond th,e. antioxidant  capacity  of  a bidogical system  gives  rise  to  oxidative 
sfFesss8., The  produ,ction, of the rea,ctive  oxygen.  species  is  best  described as a chain 
reaction in1 whmich  hsighly reactive  oxygen  free  radical  anions  and  hydroxyl  free  radicals 
am lproduced :Ins severat  d.iscrete  steps.  The  formation  and  subsequent  'reactivity  of  the 
RQS, 'induce oxidative stress. 

I:$ ;is Ibei'ieved that oxidative  stress  plays  a  role in the  aging  process  and the 
palhog,en,esis of; 'heart  disease  ,and  'cancer by causing  damage to DNA (such  as DNA- 
strand!  ,b,reaks),  l,ipids,  and:  proteins. The overall  process  may  result in the  interaction  of 
fh,el :ROS with 'proteins:,  which  'may  'lead to changes in transport  phenomena.  Interaction 
withl n.uci~eic  'acid8s'  may lead to subsequent  altered  function or genetic  mutations. 
'Reaction of IROS may  deplete  lglutathione  and  lead  to  changes in cell viability,  while 
8i'nter;acfion8  with,  low-density  'lipoprotein (LDL) #leads to changes  in the membrane 
integlrity of the vasculature andi  may increase  the risk of 'heart  disease  [Williams  and 
'EISliot, 1997]!., N,aturat  antioxidants  that can interact  with  or  scavenge  these ROS are 
fo'und;  fhlraughout.  nature.  They  lhave  been  identified in soy  products,  certain  types of 
malQa,e,, vaiious seed 8oils  (including  grape  seed  oil),  a  variety of fruits  and  vegetables, 
and in certain  herbs,.  The consmption of natural  antioxidants  such  as  polyphenols, 
dffamins8 C an,d E,, and'  carotinoids  through  the  diet  contribute to the  natural  defense 
in;rechanism, of the human1  body. 

Antioxidants  can,  be  further  categorized~  by  their  mode  of  action.  They  can  be 1) 
,pr;eve,ntative,,  such1  as catalase' or superoxide  'disrnutase, 2) chain  breaking,  such  as 

vtfarni!n: E,. or 3) complimentary in nature,  such  as  Vitamin C or p-carotene.  The 
a;ntioxidanf  constituents  found in grapes  and  wines  are  considered  to  be  of  the 
com'pliimentary  category in that  they  are  believed to function  extracellularly.  The 

ankioxxidant 'mechanism  associated  with  vitamin E and other  phenolic  antioxidants 
i,nvolkes the a'bstractionl 'of the ,phenolic  hydrogen  from'  ring-A  and the subsequent 
sta:abi18ieamfion of the  pihenoxide free radical by lresonance  contributions  from the 
tet,rahIyd;ropyman  oxygen  atom. . .  
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2.#2*,1' Polyphenol Antioxidanf  Acfivify 

All ,polyphenols are able, to scavenge  singlet  oxygen and 0 2 "  I OH-, NO', and  alkyl 
8perowid~e  free'  radicals  through  electron  donating  properties,  generating  a  relatively 
slable ,phenoxyl;  radical,., For flavonoids  with  an'  o-dihydroxyphenyl  group  as  B-ring  and 
a1 fully saturated1  C-ring,,  such$ as in' (gal1o)catechins  and most PACs, the  radical  site  is  at 
the ,B-ring: and the substitution of the A-ring has  only limited influence on the reduction 
pofenfialis. 06 the  semiquinone radical formed.  Thus,  under  well-defined  laboratory 
wndit'ions,, PACk behave  as  rad'ical  sca'vengers or antioxidants in a  way  similar to other 
pkenaliic mmpoamnds possessing  a  o-dihydroxyphenyl  group. 

Rkardo-.DaSilh et a/. [1991,]  d~emonstrated  the  free  radical  scavenging ability of several 
of the ~p,roanthocyanidin 'B dimers  against  superoxide  and  hydroxyl  radicals.  Dimers Bq 

ej2, a.ndd B3, we,re all found to be more effective  free  radical'  scavengers  than  the 
lmonomer;i,c '(+)-catechin  and,  (-)-epicatechin.  They  also  concluded  that  the  degree of 
pol(ymeriizat.ion of the PAC was  not  important  with  regard to superoxide  radical 
stxweng:ingl  potential.  Hu et a/., ,[A9951 suggested  that the scavenging  ability  increased 
with: the4  nuamber of hydiroxy  groups on the  B-ring of the PAC structures williams and 

jE!Iiat, 1'997),. The presence of 'a gallate  ester  at  the 3' position  greatly  enhanced the 

'a'ntiokidant 'capacity ofthe substituted  species,  The  B2-3"O-Gallate  was  found to be  the 
'most:  ,potent,  free  'radical  scavenge,r in the  study  [Ricardo-DaSilva,  19911  and is 
lilb~stra,fed,m ,in] Fig,ure 2-4. 



F~ig;u;,re; 2.4 Free: Rad'ical.  Scavenging  Action of Proanthocyanidins  from  Grape 
Seed 8williams and Elliot, 19971 

X+H10+01 -XQL 20 +2H*+ uric acid 

201 0 -  HlOl+ 01 

HO'oi'O z * -+ F /-OH- Hz02 + /O' F\ 
cy 'OH 

X=Xanthine,  XO=Xanthine  Oxidase, F= Flavonoid 

OH 

3' -0 - Gallate 

Rolychowd.hu.ry et a/.,, :[ZOO11 investigated  the  effect of a  grape  seed  PAC  extract  as  a 
n.oveli  nlatu.ra'ii a'ntioxidant on  the generation  and  fate of nitric  oxide  (NO) in rat  primary 

giiA rce'lli 8ctllftu;res,. A  treatment of 50 mg/L  increased NO production by stimulation of the 
induIciMe iso;fom 'of NO synthetase (NOS). However,  the  extract failed to affect  the 
LeS~l,FN-g~mr;na-indu,~d~ NO'  prod#uction or iNOS  expression.  Similar  responses  were 
found limnm the murine  macrophag,e  cell  line 'RAW264.7. The  extract did not show  any 
effe'ct~ O-RI 'd.i~h,ydrodichlorofl  uorescein  fluorescence,  a  reactive  oxygen  species  marker 
with" :high1 se'nsitivity  $oward8  iperoxy,nitrite,  either in control or in LPSIIFN-gamma-induced 
gliaili cuItures;  even in the  presence' of a  superoxide  generator.  Extract  treatment  alone 
had no 'effi3ct on; the  basal^ glutathione  (GSH)  status in gtial  cultures.  Whereas  the 
mliccogIiail 'GSH level:  declinedl  shalrply  after  LPS/IFN-gamma  treatment, the endogenous 
G;SH~ ipOOfi was 'protected when,  such  cultures  were  treated  additionally with the  extract, 
'alttiough INNO! :levels did not change.  Glial  cultures  pretreated  with the PAC extract 
sA,owed hig.he:r to'lerance  toward'  application of H202 and tert-butylhydroperoxide. 
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IF~w~~hermo.re,,  pretreated1  g'l'ial;  'cultu'res  showed  improved  viability after H202-induced 
oxicfatike  stress  demonstrated  'by  red:uction  ,in  lactate  dehydrogenase  release  or 
p.ro,@idiu:ml iodide  staining:.  The  above  results  indicate  that,  in  addition  to  its  antioxidative 
property,, the ;PAC extract  enha'nced  low-level  prod.uction of intracellular NO in  primary 
rat astruglial)  cultures'  and,  that  pretreatment  with  the PAC extract  protected  the 
rin,icroglial;~ GSH pool d8u'ring hmig'hm 'NO p,roduction  which  resulted' in an elevation of the 
H$& tolerance ,in the astroglial cells. 

Swtt et 'al., [1'993_1 evahated the  antioxidant  and  ,pro-oxidant  activities of (+)-catechin, 
(:+j-c;afech,i.n',  and;  (-)-epicatechin#.  Using the  deoxyribose  assay,  researchers  determined 
thaP ali three  compound's,  were  able  to  react  with  hydroxyl  radicals  and thus inhibit 
dleoqribose degrradation.,  Calculated'  !rate  constants of  these  reactions  were  values of 
38.Ci5xli09' M'S:'', 4!.55x109 M%-', and 2.36~10' 'M"s", respectively. No pro-oxidant 
actikity  was  o'bserved 'by Scott et al. [I9931 in (+)-catechin,  (+)-catechin,  and (-)- 
epitatechi'm 

Fur;themore., alt' three 'pol,yp,henols  were  shown to inhibit  bovine  brain  phospholipid 
:li;posome. .peroxidation by up to '80% at a concentration of 0.25 m'M. Both (+ j and (2)- 
catechin asl we'll; as' (-)-epicatechin also p,roved  to  be  powerful  scavengers of 

%;yp&Ilbrouis acid:,, HOCI, which is' produced  by the 'neutrophil-derived  enzyme 
1mye'loperoxid:ase 'at sites of linflamrnation  and  when  activated  neutrophils  infiltrate 
!r;eo:xyg.enalted~  tissue. This was  demonstrated in an  assay  involving  elastase  and its 

protein:  inhibitor cut-antiproteinase ((r,,AP) which,  when  incubated in the presence of 
W~OCL and, either 80.50 'mM of #(+)- , (t)-catechin,, or  (-)-epicatechin,  protected alAP in 

,in#hibiting  elastase 'by 100%, 85%, 'and 97%, respectively.  The  researchers also found 
that '(+) a:nd (2)' catechins  and (-) epicatechin  in'hibited  the  'reduction of cytochrome-C  by 
the' su;peroxide radical' 'in a  dose-dependent  :manner. 

' h  contrast:  to these results, Scott  et a/. [1993]  demonstrated  a  pro-oxidant effect by (+)- 

and (+)-catechin  and' '(-1 epicatechin,  inducing DNA damage in the bleomycin  system. 

TEis assay  was'  'adapted for assessing  the  pro-oxidant  effects of proposed  lipid 
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antibxid'alnh tor food,  use. ~DNA 'darnage  was  associated  with  this  antitumor  antibiotic  as 
a :ljke!y #result 'of 'bteo,mmycin8  complexed,  with  iron  ions.  The  bleomycin-iron  complex  is 
known; to degrade D,NA, in the  presence of 02 and  a  reducing  agent.  Results of this 
assay, show,n: below  in  Table 2.7, ind'icated that although (+)- , (+)-catechin,  and (-)- 
e,p:i:&;techinl  ,promoted DNA da:mage at higher  concentrations in this  system,  they  were 
I'ess'  e;ffective4hanl  ascorbate.  Fenrl~ic  acid  at  concentrations  greater  than I mM also , 

,e&iibited  pro-oxidant  activity in the  bleornycin system. These  results  are  not 
unexpected given; that (+')- catechin,  (+)-catechin,  and  (-)-epicatechin  are  phenolic 
 compounds 'and',  may  reduce mFe(lll) to Fe(l1).  While the  variability  of the data  generated 
by t,hese assays 'und'edine the need  for  a  variety  of  assay  systems, the results  indicate 
tha~~cafeehlins~ and,  ep,icatechin:  posses  useful  antioxidant  properties. 

'Xabk 2 7  DNA Damage 'by the Ferric-Bleomycin System 
Compound; Added ;to# IReaction, l Concentration (mM) Extent of DNA  Damage ASa2 'nm 

None 0.02 

Ascorbate 0.2 1.22 
0.05 0.03 

0.1 0.09 

0.25 * 0.29 

I 0.5 0.46 



'Ueda!, emf al.,, f1198961 eshated the  reactivity of a  series of antioxidative  and  endogenous 

I! 

radkat scavenging  compounds,  in,cluding  catechin,  towards  hydroxyl  radical ('OH) 
gemraked  from, ths8e reactio:n of the copper(1l)  complex  Cu(en)2 with H202. The 
a,nti,oxi.dan$ activity was  evaluated  aga'inst 'OH by  either  its  ability to suppress 'OH 
fbrmaition,, or $0 scavenge it 'upon  formation.  'Evaluations  were  carried out using 
e'fiectrotl  spib-  resonance {ESR) - spin  trapping,  thiobarbituric  acid (TBA), and DNA 
,strand  ,break  :mefhod,ologies.  Catechin  was  shown to be  effective in suppressing 'OH 
g,e,nerafion in, both the 'E,SR-spimn"trapping and  TBA  methodologies. DNA strand  breaks 
cawed1  by the' addition of; ,Cu(en)2 plus H,202 were  a'lso  suppressed  by  the  addition  of 
ca&e&in., However,  when'  ultraviolet  ,photolysis of Hz02  was  employed to generate 'OH, 
catechin:  'displayed~  a  very  weak  scavenging  ability.  These  results  indicate  that the 
aint,imidanb cornpound:s  used  here, inchding catechin,  suppressed the generation of 
'OM fromMe4 reaction of C8u(en);! with 'H202. 

U:nd'es the' natural,  oxidative  conditions  of  an  oxygen  air-enriched  solution at a pH of  3.2 
and in;  the,  presence of transitional  metal  ion  catalysts,  De  Freitas et a/., [I9981 
,in4vvrestigated; the  influence of different  structura'l  factors  such  as  catechin  structure  units 
ejca,fe.chii;ll a,nd epicatechin),,  interfiavonoid  bond  linkage,  gallic  acid  esterification,  and 
dleg;r;;ee of; poliym,erization8  in' the 'kinetics  of  grape  seed  PAC  decomposition in a  model 
wine salu~itioni. Data,  were  coll,ected'  using  a  'semipreparative  ''HPL'C  technique.  Sample 
fractibnal~ el~utilon  wa.s  u.nsu,rprising  given that  structural  monomers  exited  the  system 
,prior to dimers, trimers,  and  tetramers. With regards to oxidative  decomposition,  results 
.iindiiated, a decrease  inl  the  quantity of PAC content  over  time.  Determination of the 
khetk ord:e:r of the oxidative  decomposition  was  not  possible  because  of  the  complex 
rnecha:nisms  'invol'vedl.  Results 'also  indicated  that  epicatechin  was  more  readily 
oxittized; than catechin ,and  both  were  degraded at a' slower  rate  than  dimer  PACs. 
Th.ese resulb may be  exp'lained  by the increased  capacity of dimers  to  trap  oxygen 
radiical:  species  compared1 to  the  monomers, the nature of the C(4)-C(6) versus C(4)- 
C(8) 8i;n,tediavonoid  linkage,,  and:  the  nature of the  constituent  upper  or  lower  structural 
.monomeric wit,, res,pecti;vely. 
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2.2.2 Complexation, of Metal  Ions 

'Ulnder. weifdefinedi  chemical  cond'itions,  Santos-,Buelga  and  Scalbert [2000] described 
8pbenofic compou,nds having  an  o-d'ihydroxyphenyl  group  as  exce'llent  chelators  of 
?ro~:(l:l/J)! ,and 'therefore'  a'  potential  pro-oxidants in the  presence of transition  metals.  At 
lslreatral :p,Wi and  ,in, the' presence of procyanidins  dimer B2 or a  galloyl  ester of glucose, all 

'ism m s ,  found! 'in'the form 'of rnononu,clear  ferric  complex  w,ith  catecholate  groups  of two 
I:iga,nd's'.  The8y also formed1 complexes  with AI(II.I) and Cu(ll). The  'PAC-metal  complexes 
easiiiy precipitated, at, the n,eutral :pHi 'as  long  as  the  ligand,  concentration  was  not  too  high 
refiative: to4 metal, ion concentration,. 

The ~potenfi'ak consequence of this'  activity  'is  that  consumption of polyphenol-rich  foods 
or ~beverages:  suchl as wine or  tea  may  'result  in  the  inhibition  of  non-heme  iron 
aibsorption,  thhroug'h: the gut, barrier.  This  would  be  through  the  formation,  of  a  stable 
ipolbph.enot - iron(H1) complex in the gut  when  the  ligand  is  consumed  together  with 
h~:(iil!il~)~., Other: #nutrients8  such  as  ascorbic  acid:  removed the inhib,ition of iron  absorption 
'by pollyp,Renols  'by  'reducing1 the  complexed:  iron(ll1)  into the poorly  coordinated Fe(1l). 

The! ~M'afionall Toxicology  Program  (INTP)  continuously  solicits and accepts  nominations 
f i ~  ~t~oxi,coi~ogica'l!  studies  to  'be  undertaken  by  the  Program. The NTP actively  seeks to I 
identify and select for study  chemicals  *and  other  agents for which  sufficient  information 
:is8 not available t o  adeq'uatel'y  evaluate  potential,  human  health  hazards.  The  NTP 
'accon;rplisihes8 this goal throug'h  a  formal  open,  chemical  nomination  and  selection 
 process. Substan,ces, may ,be studied  for  a  variety  of  health-related  effects,  including I 

,but lnot !limited, to' fieproductive and1 developmental  toxicity,  genotoxicity,  immunotoxicity, 
lneu!rotoxi'city,  metabolism  and;  d'isposition,,  and  carcinogenicity.  In  evaluating  and 
seiecthg Inomhated  substances, the  NTP also  considers  legislative  mandates  that 
8require :responsible  private  sector  commercial  organ,izations  to  evaluate  their  products 
for health,  and'  environme,ntal  effects.  The  possible  human  health  consequences  of 



a:nticilpated~ or known1  h'u'man  exposure,  however,  remain the over-riding  factor  in  the 
NKP 's Nde,cision, to'  study  a  pa,rticula'r  chemical or agent.  The  NTP  Interagency 
C;o,mmittee for Chernicaf  Evallu,ation  and  Coordination (ICCEC) serves as the  first  level 
od:revi'ew for 'NXP 'nominations. 

At the, Ma;y 2001 ICCEC  meeting,  13 new nominations  were  'reviewed  and  testing 
:recommendations  were  made,  including a nomination by the  National  Cancer  Institute 
'(NiCli): that g,rape seedl  and  'pine  ba,rk  extracts  be  evaluated  [NTP,  20011.  The  specific 
,chsarg,e to' evakate grape,  seed  extract  deals  with GSE as a form of  nutritional 
swplpl~em,ent,, as  opposed to the :Mega8NaturalN  Gold  brand of GSE, determined  by  an 
Exp& ,Panel, as G:RAS when used in fruit juice and  fruit  flavored  beverages as an 
antioxidant to' refardl  'deteriorationl  provided it is used in accordance  with  current  Good 
;M'a,n,u.fa.ctu,,dng! Practice (2'18CFR§182.1  (lb)) in  an  amount  not  to  exceed  210  pprn m(w/v) in 
fin!is'h,edi beverage produ,ct.  ,Nomination  for  testing  was  motivated in part because  of  the 
widespread:  consmmer  use of these  su'bstances  as  dietary  supplements  and.  recognized 
that ~pofyph,enols,, as' antioxidants,  have  been  proposed  as an important  contributory 
.factio:r to a protective effect  against  atherosclerotic  cardiovascular  disease. 

.2.3 Mistory of Safem'P~roanthocyanidin Consumption 

:Pol~yphenalic  cornpou8ndsm a,re widely distributed  throughout the plant  kingdom. As such, 
th,ey age! p.resent i'n most edlibfe fruits  and  vegetables  and  are  therefore  common  in  the 
evel;yd!a,y  d'iet: of most ,people.,  Although  relevant  progress  has  been  made in defining 
the; diistdbwition  and:  content of other  flavonoids in foods,  including  monomeric  catechins 
'f,e.g, t=a;tech8in and epicateciin), the  information  available  on  proanthocyanidins  (PACs) 
,iso sornew,hat Jlimited;. 'Large  variations  in  reported  concentrations  between  different 
authors' 'sire observed  for any given  product  or  co,mrnodity.  These can be  explained  in 
 pa!^,   by differencesl 'in. the  .assays  used for PAC estimation  or  in  the  nature of the  sample 
a;naf:yzed;,  such'  as,  the'  variety,  stage  of  ripeness,  part  of the fniit considered,  and 
:pro:ocessinlg. into b d i  'stuffs. A comparison of the  total PAC  content  based  on  five 
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salmipf!es8 run in du,plicate of foods  'known  to  be  rich  in  PACs  illustrates  th.is  below  in 
Tabfe 2.8. 

Tab~k 2#.,8 Cotmparison of Total Proanthocyanidin Content (mgkerving) in 
Foods and Beverages'  ;[Hammerstone ef a/., 20001 

I 

Foods8and/~Beverag,es Low High AveragekSEM 

Ccanbemy Juice] 27.0  35.6 31.9k3.2 

Chocdt'ate 140.2  181.2 164.751 9.8 

NE! Agp'fes! 12.3  252.4 147.7i57.0 

IIX :is: mevea ;more di%:culR to estimate  the  tannin'  and  PAC  content of blended  products 
:such; as those of tea or wine,  which  'may  account  for a 'major  part  of  the  polyphenolic 
dlietaw  bu;rd;en. The estimated  degree  of  intake  is  complicated  even  further by the 
relative Make of PACs of a,  low  d'egree  of  polymerization,  such  as  dimers  and  trimers, 
that: are likely absorbed, thmrough the gut  compared to those  of  PACs  with  a  greater 
d:eg:rese of Npol~yrnerization  and'  mo'lecular  weight,  which,  though more  common in the  diet, 
m y  litat be  'a'bsorbed., 

T,hi's fa& of' reliable  values  for  'PAC  content  in  foods  makes it difficult  to  accurately 
esgiimak fhei!: dietary tintake.  ,Estimates  may  vary from  country to country  and  with 
'dietary 'haibilts, which'  may or may  not  inciude  rich  sources  such  as  tea,  wine,  and 
,berries. Thus, ,it 'may range' from several  tens  to  several  hundreds of milligrams of 
PACs, pel: day, Examining the diets of I19 adults  (age  19-49  years),  a  subgroup of the 
Ge,rmalm national  food  consumption  su,wey,  Linseisen et a/. [1997]  calculated  the 
average  daily  fl,avonoid  inta'ke  values  of the subjects. The average  flavonoid  intake  was 
54.0 ,mg/d, with' 12.0 mg/d'  from  flavonols, 8.3  ,mg/d of catechins,  13.2  mgld of 
fl:ava'nons, and anthocyanidins,  #proa;nthocyanins,  and  phloretin  comprising  the 
remla:ilnder of' the total arnoulnt.  The  researchers  also  noted' that the  majority of the 

tlamnoid:'s were derived from, fru'its,  fruit  juices,  and  fruit  products  while  the  majority of 
+h:e:  $la,vonol~ was  derived  from'  vegetables and vegetable  ,products. An estimate of 
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4860,mgi  per: day  has  been,  reported, for the a'verage  American  intake  [Santos-Bu'elga  and 

Sca:libe;rk, ZOOO];. Scalbert and W'illiarnson [2000] cited  an  intake of catechins  and PACs 
c'lroser tor a;pproxirnately 1 g/day.  For  comparison,  GSE  and GSKE will  be  added to 
selected'  ,beve,rage  prodllr,cts  in  th,e  almount of 2180 ippm or 50 mg per 8 fluid ounce 
sewi'n:g,., 

.2*.3,,.2 Grape Use and Consumption 

PrOan#hocyan,idh  ;mofecular  components  'have a long history of safe  consumption by 
h!u,ma,ns: tin! those forms'  commonl,y  occurring  in  table  grapes,  grape  products,  and  wines. 
8Gira;pes a:re among: one of, the wodds largest  temperate  fruit  crops  with  approximately 
651 miltion,  ,metric  tons 8pro:odu,ced annually.  About  80% of the total  crop is employed  in 
wtm produdion aind the'  remainder  is  used  as  table  grapes,  raisins, juice and  other 
p.rodlucts8., Of  the wide  variety of gra,pes  grown,  there  are two major  types:  European 
a'nd No& Ame,r;ican,.  ;European  g,rapes  be'long to the  species Vitis vinifera and  over 
'95%' of 'alll t he  'g,wpes ,prodmucedi  belong to this  'species.  Most  vinifera  species  grow  best 
in, a, :Mied~i$e,nanean-type  climate  with long relatively dry summers  and  mild  winters. 
Ge,rlainl  valrieties  are'  'used,  for  wine,  others  for  raisins  or  for  table  use.  Leading  wine 
va;iletie,s,  i'nct'ude  Cabernet  Sauvignon,  Chardonnay,  Pinot  Noir,  Zinfandel,  and 
Cair;i'g,n!ane. Table  varieties  include the Emperor  and  Tokay  grapes  and the greenish- 
white, 'Pedete- North American  grapes  belong  principaily  to two main  species: Vitis 
lbbwsca;  and^ V. rotundifolia., Both  species  can;  be  consumed  fresh or processed  into 
juice!,, whe, 'OF jelly. The, labwsca gra,pes  are  grown  principally in the  lower  Great  Lakes 
'region of fh,el United States  and  Canada,.  The  most  important  variety is the well known 
#Concord/  grape. The rotundifolia or  'Muscadine'  grapes  grow  throughout  the 
sou$hea.stemg  lllnited  Sates  and  are  exemplified  by  the  'Scuppernong  variety  [Girard  and 
Mezza!., i 9981. 

'Wi~ne is a,  moderate'ly  a:lcoholic  beverage  made  by  the  fermentation of juice  extracted 
fmm~ fresh! ,ripened:  grapes. It can be  classified  by  varietal  names  such  as  Cabernet 
Sawignon OF 'Chardonnay,  or  ,by a 'generic  name,  which  often  refers to the region of 
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:Emope whae wi.nes of  that  general^ type  were  first  produced.  Generic  names  include 
Bwgmly,  Chliantim,  and,  C,hablis.  There  are  six  classes  of  wine:  Red,  white,  rose, 
d,esse~, sparkling,  and  appetizer  wines.  The  differences  between  these  classes of wine 
a,re myria,d!, not ju:st  'in  their  color  or  when  they  should  be  served.  Significant  differences 
exi:st, inl production'  meth'od,  composition,  sensory  quality  and  physiological 
characteristics.  'Far  instance.,  the  'process  of  white  wine  production  seeks  to  avoid  direct 
.or ,enzymatic  breakdow'n of the  components of the skin,  seed',  or  stalk;  therefore, 
pressing; and filtration  precede  fermentation. In order  to  make  red  wine,  the  solid  parts 
ot the :berries must remaimn in contact  with the liquid for  several  hours  to  several  days, 
albwing ,not  onfy  the'  extraction of 'pigments from the  skin,  but  also  the  extraction of 
va~ed,, po1,yp'henolic molecules  such as the  tannins (PACs) from the seeds. To remain 
Fed1 mlrOred over the  years,  th:e  grape  anthocyanidins will transform, or mature,  into  new 
red-cotbredi  pigments that are  more  stable  in  the  wine  aqueous  environment.  [Brouillard 
ef a#.,,, l i  991q1:. 

8G:ra;pes aire a naturall,y  rich  sou,rce  of  ,polyphenols.  Bravo [I 9983 noted  that  fresh  grapes 
contained! 50490 mg of  polyphenols  per 100 grams  of  fresh  fruit.  This  compares 
favora,bly wikh cranberries  wh,ich  'are  known  to be rich in  polyphenols (77-247 rng/lOOg 
fresh1 b i t ) . ,  t~nl the'  produ,ctio,n of red  w,ine,  the  extraction of anthocyanin  pigments  and 
;r&flated phenolics from the glrape  solids  '(skins  and  seeds)  begins  with  the  crushing of 
the grapes and' continues'  through  the  fermentation  and  pressing  operations.  The  end 
Iresub are that,  'red  wine  contains 2-3 times  more  ,phenolics  than  white  wines  [Girard 
and :Maura, $9981~. These  phenolic  substances  exhibit  antioxidant  and  other  properties 
'WhiZCRI are  believed to be of potential  benefit  to h m a n  health. 

French Paradox 

A 'diet ;high in fat is 'bel!ieved  to  be  associated  with  an  increased  risk for heart  disease. 
kkwelver, in France.,,  the mortality rate from  ischemic  heart  disease  has  been  reported to 

 be 'Io,wer  than  in. Bcitain  and^ 'many  other  countries,  despite a relatively  high  dietary  fat 
'ilniake. Th'is seemingly  paradoxical  relationship  became  popularly  known in the  early 
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29'90''s as "the  'French'  pa,radox"  [Constant,  1997;  Kopp,  1998;  Law  and  Wald,  1999;  Das 
et al.,, 1999; V'isioli8, '20001. According to Constant  [1997],  a  number of theories  were 
'proposed  tol account for  the  low  'mortality  rate  from  ischemic  heart  disease,  including 
W o r s  such:  as'  :lower  consu,mption of milk  as  'a  result of lactose  intolerance,  increased 
cornsump~im  'of garlic,  cheese,  fruits and vegeta'bles,  and'  a  higher intake of red  wine. 
The ~hypotii.esis th'at  the  reduced'  rate of mortality  from  heart  disease  may  be  associated 
withi wi.ne consumption has  been  extensively  studied  and  many 'articles have  been 
pu:blis,hed:  lbotfil 'supporting and  refuting  this  theory. 

Consta:nf [W97], ,reviewed  many  studies  that  attributed  the  strong  negative  association 
between ,alcohol intake,  and,  mortality  from  ischemic heart disease seen in 18 countries 
siwd:ied to1 the consumption' of w,ine.  Constant  cited  research  conducted by Artaud-Wild 
et a%, 14i99831~ who' made similar  conclusions  lbased 'on a  40-country  study  but  further 
condudedl that wine  may  render  a  protective  effect  only  when  the  population  consumes 
iarg:e amounts' of satulrated  fat  constant, 19971. According to Constant,  other 
,investig:ators  su:ch  as'  Klats'ky  and  Armstrong  [1'993],  Gaziano et a/. [ I  9951, and  Rimm et 
aL.,, t1,996] studied the  potential  beneficial  effects of wine,  beer,  and  liquor.  .Based  on 
d;ah ge:ner;afed,  'by a  questionnaire  given io over 100,000 individuals,  Klatsky  and 
AmStFOngi 'reported  that  win,e,  beer,  and  :liquor  all'  were  associated  with  a  decreased  risk 
of cormary artery disease,,  but  wine  was  associated  with  the  lowest  risk.  Rimm ef a/., 
fiv996J were reportedly  'unable to1 d~etect  such  differences in a  review of ecological  case 
co&o.ot an.d cohort stdies which showed equal  protection  from  consumption of wine, 
beer, lor 'sp,iritss against  coronary  heart  disease.  Likewise,  Gaziano ef a/. did not  find  a 
'difterence among wine,  beer, or liquor,  attributing  an  observed 45% reduction in 
m;yoc;ard,:ial :ilnfarction ,ris!k to high density  lipoprotein (HDL) levels  after  consumption of at 
ileast; ,one-h'a'lf or ,more of an 'alco~holic  beverage  per  day,  'irrespective of the  form of 
a:fco'h,o%., However, some mind'ividuaf 'variability 'in, response to ethanol  exposure is likely. 

rM& od th;e .researchl  in,ves;tlig,ating  the  ;potentially  'beneficial  components in red wine  has 
focused! oanl poflyphenoll  compound~s,  namely  pigments  (anthocyanins),  tannins,  and 
t'a,mnoidk,, whlich:  ,possess$  antioxidant  activity.  Resveratrol:  and  quercetin  are two 

000039 
27 



fiamnoids that  have  been  'extensively  stud,ied  [Constant, 1997; Kopp, 19981. Das et a/., 
i[t9:99$  noted^ thak, a1 'large  variety  of  antioxidants,,  including  resveratrol,  catechin, 

8epilcatechin8,  and ~PACs are  present in the polyphenol  fraction  of  red  wine  and  that  these 
pray a. 'sig'nificant  role  'in  the mcardioprotective effects of red  wine  against  ischemic 
vepe~usiomi 'injury. 

:Law ,and Wald ~[1~999]'  have proposed'  an  alternate  explanation  for the significantly  lower 
'cafe of mo.r;taf,ity from'  h,ea,rt  disease  in  'France.  While  they  recognize,  that  many  studies 
halve fou'ndi a:  strong,  correlation  between  h,igher  wine  consumption  and  lower  mortality 
froml .ischemic  healrt  disease  across  countries,  they  believe  th'at  the high consumption of 
redl wine  ;in;  'France  does'  not  fully  explain  the  d;ifference.  Instead,  they  propose  that  the . 

main reasonl  for  the  low  mortality from heart  disease  in  'France is due to  the  time lag 
between:  lincreased~  consumption of animal  fat  with  an  attending  increase in serum 
cho!este.roli,, which,  began,  about 15 years  ago,  and  the  resulti'ng  increase in coronary 
h,eart  dlisease  and'  subsequent ris'k of mortality.  Evidence  presented in support of this 
theory !incl,udes  mortality  data  across  countries  (including  France) from 30 years  ago, 
which;  show  a strong correlation  between  the  level of animal  fat  in the diet  and  mortality 
from! heart  disease,  with  no  relationship  to  wine  consumption.  Anal,ysis of more  recent 
da&  d:id; not  show a ,  strong  correlation. 

Lalw and Walld's time lag:  theory  lmaintains  that  countries  where  wine  consumption  is 
hig~h;  (F,rance, Italy, Spain)  also  used to have low consumption  of  saturated  fat  and 

' 8con'seq,uently had lower  mortality  from  ischemic  heart  disease.  Although  fat 
consu.mption'  has  increased in recent  years,  they  suggest  its  effects are not  yet  reflected 
'in1 the'  rnorta'lity dsata. They  have  therefore  proposed that consumption of alcohol, 
8partik;w'liad:y ,red;  'wine,,, is not as sign,ificant  a  factor  as  has  been  assumed  in  the  past. 

h ivesponse to Law  and'  Wa'ld's  theory,  Stampfer  and  Rimm [I 9991 contend  that  the  role 
~sl'atwhot .should not be'  dismissed;  as a :partial  explanation but that other dietary  factors 
such as, th ,e  inta'ke of folmate, fiber,  and  nuts'  should  also  ,be  'considered.  Barker [I9991 
ajndi IMackenbach, and Kuinst E19991 have  also  proposed that other  factors  such  as 
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intrauterhe nutrition  and^ heterog,eneity  of  popullations  'may also be important in 
dtete8mini.ngi the  r;isk of co,ronary  heart  disease. 

" . " P I  

3..01' POLYPH'E~MO~LlC GSKE / 'GSE CHEMISTRY AND STABfLITY 

3;. 11 @:h,ernical, ldentityof Major Com;ponent Proanthocyanidi,ns 

The formula!  and^ structure of the many PACs fou'nd  throughout  the plant kingdom  are 
sfibt! poorly chlaracterized:.  However, the  major  constituent PACs of the 'MegaNaturaP 
!:ins 'of' grape seed'  andl grape  skin  extracts'  are  expected to conform  with'  the  data  set 
to& in; Table 3.1 'below. 
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'3.21 Range of Major  and  Minor  Component  Proanthocyanidins in 
MegaNatu~ral~m GSKE  and  GSE  #Products 

The 8phendic content of the :Mega'NaturalTM  Gold  line of products has been  determined 
,by ansllytkal~ eva'luation.,  The total quantity of ,phenols  present in two lots of GSE and 
NGIS~ME, ,respectively,  are  shown  below  in  Table 3.2. 

'Tablie 3.2 Analytical; Evahation of ~MegaNaturaP Gold  Grape  Seed  Extract  and 

MegaNaturaP Gold  Grape Seed 

(Expiration Date 2/29/2002) ~ (Expiration  Date  7/5/2002) ~ 

Lot #2511-040060 ,Extract  Lot e501 -0401  57 
~ 

GSKE  Grape  Skin  Extract 

GSK'E (mglg) 
I 1  

~l 
, 

, 332.3 432.6 ~  total^ 'phenols '(mg/g) 

x3 

.3.!3., P 

'Pro,posedi  Product And Technical Information 

MegaNaturalm Gold Grape Seed Extract (GSE) 

Tab:te G,SE Prod,uct  S'pecifications 
Ana1jsi.s 
Descdpfion 

Specification 

Appearance 
Bitter  and  Astringent Fl'avor 'Evaluation 
Rose  Beige Powder 

Chemical' 
Total1 Ph,enolics  (gallic  acid1  equivalents, dry basis)' 

10% min Monomers Reiative, .MPLC phenol' profile 
2 90 g GAUl00 g 

60 - 80% 'Oligomers ' 1  
! I  

2.0 to 5.5 ! 

25% max POlYmerS 
d 1' 

! !  



Talble 3.3 GSE Prod'uct  Specifications 
j knalys'is 
i Physical' 

Specification 

I Moisture (loss 'upon,  drying,  compliant  with USP specification e731 >) 
I < 5 %  j tnsol'ubte Substances (Il% in,  water) 

58.0% 

1 

i i :Free; Flow Density  (compliant,  with 'USP specification c63 6>) 
I 

0.25 to 0.40 g/mL 
0.40 to 0.55 glmL : i  - Tap Density ~~~~ (compliant ~ with' USP specification <616>) 

'Particlie Size (compliant  with, USP specification <786>) 1 + 35 mesh  none 
I + 80 mesh 20% max 

3..3'.,2 MegaNatirralTM Gold Grape Skin Extract (GSKE) 

GiK2000 
Powder 



Table, 3.4, GS'KE: Prod'uct  Specifications 
Specification An;alysisl 

Chemical 
Totali  ,Phenolics  (gallic  acid;  equivalents,  dry basis)' 
Total:  anthocyanins? 

Rhyskai 

2 80 g GAUl00 g 
1 1 1.5 g / lOOg 
- 

Appearance .* 

8M'oisturel (loss ~npomdrying,,  compliant  with USP specification 
<73;%>)' 

Partide Size (compliant with 'USP specification, <786>) 

Red  Purple  Powder 

S 8.0% 
- 

+ 35 mesh  none 
+ 80 mesh 20%  rnax 
- 200 mesh 20%  max 

Mlc~obiological 
ibkd 'Plate Count < 1000 CFU/g 

< 100 CFU/g 

10 CFU/g 
Negative Salimonellal [per 30 g)1 

E.  coli^ '(per; ,10 '9) 
PestJ'ciii& FDA Tolerances, in Grapes 

Negative 
- 

Ilpfiodione I 60 ppm 

Carbaryl1 I 10 ppm 

I 0.2 pprn 'Fenadrnofl 

Myclobutanil 

Phosmet 

Tebuconazofe 

Azoxystrobin, 

- 
I 1 .O ppm - 
I 10 ppm - 
I 5 ppm - 
I 1.0 pprn 

El 

3;.4 A,nallytical  :Eval,uation 'of Product  Specifications 

Analytical! evaluation. of the lMegaNa;turaim Gold GSKE and GSE line of products 
revea:ted' that pgoduct composition fell with'in the specifications established for 
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.Phl'yph8enol!:ics &and of products.  Analytical  results are presented  below in Table 3.5. 
Pestiici.de a:nd: heavy  metal  content  ;meet FDA tolerances for grapes. 

Tablie 3,,5 Anallytic 'Results ot 2 'Batches of the MegaN8atu;ralm GSKE and  GSE 

MaIHed! 'by The INational Food: Laboratory (Dublin, CA) 
Anaiyzed; !by :DFA of 'Ca'lifornia (fresno', CA) 

http://Pestiici.de


,3:.:5 Stab.ili,ty  'Data 

The stability data for the  MegaNIatural"  Gold, line of GSKE  and GSE are  presented 
beLow in T,able 31.6 and  Table 3.7,, res,pectively.  The  GSKE  was  stored  at  ambient 
temmpeiratumre in,  a  da!rk  storage room'. Storag,e  conditions for the  GSE  were in an office at 
a;mblen$  te,mnperature in a  closed  package,  typicallly  a  clear plastic bag or  bottle.  The 
dah1 f& :Goth sta;bility  analyses  ind,icated  that  GSKE  and GSE are  very  stable,  although 
no] stabit~ity  'data: are available for GSK'E  and  GS:E  in their proposed  uses in juice and 
Wit fl'avored;  Ibeverages.,  However,, ,PACs are  known  to  be  very stable' over  time in 
wines, and! th,e  constituent ~PACs in GSKE and GSE  are  therefore  expected to behave in 
,a, similar hshion;. 

008847 
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4.0 'P:RODUCTl,ON METHODOLOGY OF POLYPHENOLIC  GSE AND GSKE 

4.1! &ape 'Seed' lExt'ract (G'SE) 

Fresh:  g,ra,pes at ambient  ternperatu're  are  received  at the winery / Polyphenolics  Inc. 
,man.ufadudng,  facility,  'inspected  for  quality,  and  screened for defects.  Grapes  are 
dumped; 8 i n f ~ '  a  'hopper  where  they  are  de-stemmed,  crushed,  and  transferred  to  a 
receiking tank. ,Mechanical'  'presses  express  the  grape  juice,  leaving  a  pomace  residue 
consisthg: of seed's and skins.  Seeds 'are separated  from the skins  by  means of a . 

sha8ke8r  screen.;, the' seeds,  fall,  through  the'  screen  and  are  collected  while  the  skins 
remaih8 'om top of the screenl. The seeds are  then  subjected to a  boiling  water  process 
for 'l-2 h,our;s,, wh:ichl  dissolves  the  pol;yphenolic  constitu#ents.  The  seeds  themselves  are 
then se,parafed,  rinsed  with  ,more  water,  and^ discarded.  The  hot  water / polyphenolic 
extcact ,is; then, cooled!.  This 'is followed by enzyme  depectinization, pH adjustment 
~(wh~ich~ fa,ciliatesm sediimentation:  and  microbiological  control),  and  then  refrigeration.  The 
extract is: then:  stored,  and'  period~icallv  sparged with nitrogen,  gas. 

A&r a:  !period; od 1-3 months,, the  extract  'is  filtered  with  diatomaceous  earth  and  passed 
through, a, colllr~rnn, of adsorbent  resin of trimeth8ylolpropane  trimethacrylate  (TMPTMA), 
'wherein, the ,grape  phenolics  are  'preferentially  ad,sorbed  on the resin  surface.  Due  to 
the' high! spec%city of the lres'in for  phenolic  substances,  other  grape  constituent  such  as 
;minerals and organic  acids'  pass  th,rough  the  cdlumn  and  are  discarded.  After  resin 
satucatibn,. the'  column is' #rinsed  with  water  and the phenolics  eluted  using 75% by 
volume 'beverage grade  ethanol,. Th,is elution is.followed by  another  water  rinse.  The 
high-pu,l;ity  grape:  p~henols  are'  captu'red  in  an  alcohol  solvent.  The  extract  is  next 
s;tr;ip,ged of the'  alcohol^ solkent 'in a  vacuum  thermal  evaporator  yielding  an  extract 
,mncen&wte. Thlis concentrate  :is  then  spray  dried,  sifted to a  uniform  particle size,  and 
packag,ed! for d e . ,  



4.2: Grape' S'k'in Extract (GSKE) 

T,Re :process  employed: for GSKE  'is  identical  to the above GSE process  except  that  no 
seed se,paration;  takes' place prior to extraction,.  Both  the  skins  and  seeds  are  extracted 
bgeth.et. 

MlegraNatwaP Gold' grape seed  and  grape  skin  extracts  are  proposed for 
'inferchangeable use in  non-carbonated fruit juices  and fruit flavored  beverages from 
 both flu:E;d ,a,ndi dry rnixtu'res,,  as well as  carbonated fruit flavored  beverages.  The 
pmposed u.se Jeve'l of GSE alnd  GSKE  would^ 'be 'approximmately 21 0 ppm or 50 mg per 8 
;fl'w!idi oumce sewing of the,  selected  'beverages  as  consumed. GSE and,  GSKE  use  is 
pmposedi as, an antioxidant  added to these  food  products to retard  deterioration. 
Amfiaxi'da:n;ts may also  ,provlide 'a 'nutritional  benefit in scavenging  reactive  oxygen and 
!nitrog,eni  #species8., BotA the :MegaNaturalTM Gold GSE and GSKE, are intended for use  in 
aim, inier-chang:eable rnanlner  such  that  any one of the above beverage  products  may 
conta'inl GSE, GSKE, or some  combination of either M,egaNatumralTM product. 

AMX:ICI,PATED #INTAKE OF MEGANATURALm GOLD GSE AND GSKE 

8Eroj.e,cted  interchang,eable  consumption  of  the  MegaNatu,ralTM  Gold grape seed / skin 
extracts ~pmposed for use 'in non-carbonated  fruit  juices and fruit  flavored  beverages 
fro:ml' both, fluid! and! dry mixtures,  as  well  as  carbonated fruit flavored  beverages  was 
calicullated:  using1 data  conta:ined  within  the  United  States  Department of Agriculture 
(U;S,DA) 1994-'1;9,96 Continuing:  'Survey of Food Intakes by 'individuals  (USDA CSFll 
1'994-'1998)" a,nd~ the 4998 Sup,plemental  Children's  Su'rvey (USDA CSFll 1998) (USDA, 
2'000j1. Rqresentafive food'  codes were used to evaluate  the  specific  food  types 
in;ct!udedl in the calcu:lation of GS:E / GSKE  intake.  The proposed  used level of GSE / 
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'GlS;KE, 'in thie sel,ected  food:  codes is approximately 210 ppm or 50 rng  per 8 fluid-ounce 

'sewilng.. 

kb l ie  61.1 su:mrnarizes the estimated'  total  GSE / GSKE  intake  from  non-carbonated  fruit 
j:uii:ces a n d  fruit, flavored~  beverages from  both  fluid  and dry mixtures,  and  carbonated  fruit 
fl'axored beves;ag'es in; the 8U.S by  'population  group.  Table 6.2 presents  these  data on a 
gram per 'kilogra8m'  body  weig,ht  basis. 

Tat).l;e 6 . , ? i  Su~mmary of Estimated  Combined  Dai'ly Intake .of GSE I GSKE from 
Fruit Ju:ices8  and 'Fruit iF;lavored  Beverages in The U.S. by Population 
'Grou,p'(1994-3:996, 1998 USDA CSFll ,Data) 

mPo,prrr.tatio:a 

i 
'Users ' ~ (Years)' , ~ 

Consumption Consumption ofTotal 
~ Users ' Group I Gl7owp 

All-Users  All-Person Actual # 
~ % , ;  Age 

/ I  
1 (SI (9) 

'~ ~Infimt'l Toddl'er 0-2 , ' 62.,9 0.12  0.06 0.10 0.04 ' 2013 ~ 

Mean goth Mean gom 
(9) Percentile (9) Percentile 

I 

1 1, child 0.12  0.07  0.1 1 0.05 4962 76.3 ~ 3-l? 
~1 'FemakTeenager 

0.1 3 0.07 0.10 0.03 , 12045 
~ 50.9 A l l  Ages, j TotatVPopufation 

0.16  0.08 0.1 0 0.03 2105 43.lI ~ 
i 20and Up ' 

~ ,Male: Ad'ult 

0.10 0.05 0.07 0.02 2064 44.2 ' , : 2O'andi Up ~ I IFemal'e Adtlrltt 

0.20  0.1 0 0.1  6  0.06 450 61.8 I 1i2-19 ! :  j Mal.e'Teenager : I  

0.1  6 0.08 0.1 2 0.05 450 ~~ 63.0 ~ 3'2-19 

I 

j 



A,pproxi:matef,y 50.9% of  the' U.S. population  was  identified as consumers of fruit  juices, 
Emii%: flawred'' 'beverages, fruit flavored  beverage  mixes,  and  carbonated'  fruit  flavored 

&eive.rag;esl (12;,045 actual  users  identified). Consmpt'ion of these types of beverages 
:by th,ei total; popuf:ation, resulted in, an  'estimated  mean  all-person  and  all-user GSE / 
G S E  simntake of 0183 g/person/day (~0.001 g/kg  body  weighvday)  and 0.07 
lg!p.elnsonbda,y 8(0..002 gkg bod'y  weighvday),  respectively.  These  data  compare  well  with 
known! 'PAC ;content 'in foods and  beverages  as  represented in Ta'ble 2.8 of  this 
docu1me:nt. ,For: example, the average  PAC content (mgkerving) in  red wine  was 

deterninedl to ,be  22.0k1.5[Mammerstone et a/., 20001. 

On an1 'indiwidlua'l ~po,pulation  ,basis, the highest  lmean  ,a'll-user  intakes  were  reported  in 
male, teenag,ers,, 0.10 g/,person/day (0.002 'gkg body  weighvday).  The  lowest  'mean  all- 
#user 'i:ntaikesl  were  reported' in female  adults,, 0'.05 g/person/day (<0.001 g/kg  body 
weji:gih2tlda'y).,  Sirnilmar;l)t, the glreatest and ;lowest  mean  al'l-person  intakes  were  reported 
in, 8mrlat'e;  tee,n.ag:ers8,0..06  g%person/day (0.001 g/kg  body  weightMay),  and  female  adults, 
O;.:O% g/,persort/day (<0.001 g/kg;  body  weightlday),  respectively.  Heavy  consumer (goth 
percent#e$  all-user  and  all-,pe,rsonl  intakes  also  followed the same  trend,  with the 
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'Mean, and 90" pemmtile i,ntake  estimates  based  on  sample  sizes of less than 30 and 
8'0, lrespectively,, or 'perhaps'  'higher  depend,ing on the coefficient of variation may  not 
inecessa3ril;y ,be considered,  statistical18y  'reliable  due to l:imited  sampling  size (FASEB, 
1199592. As: such:, estimates 'of the intake of GSE / GS'KE  based on the  consumption of 
carbonated! fiui't flavored!  'beverages  as  a  product  subgroup  by  the individual population 
groups8 :may 'exhibit limited rel~iability. 

Th'k type ,of,methodology lis generally  considered to' be  'worst case' in terms of potential 
"Ace: as a 11;esu'l8 of several  8conservative  ,assu;mptions  ,made in estimating  'consumption. 
  for lexaamp'lie8, 'it is 'often assumed that  all  food'  products  within  a  food  category  contain 

ii,ng,red;ienf at, the maximu:m  specified  level of use. In addition, it is well  established 
thaR, the ~I'ength of a dietary  su'rvey  affects  the  estimated  consumption of individual  users. 
8 R o r " m  surveys,,  such as the  typical 3day dietary  surveys,  overestimate 
wnsu8mptio.ni of'food~ products,,  which' are consumed  relatively  infrequently3. 

7.,0 ABSORPTION', DI:STMBNUTION., METABOLISM, AND EXCRETION 
QA'DME), P*ROFI':LE 

P'ol;yph8eno11;sl exist  ;in8 foods a:nd beverages  in  various  chemical  forms that determine  their 

g,;u;t. a;bso@ionI. The'  chemicall  structu're 'of polyphenols  thus  determines  their  rate  and 
extent of intestinall  .a'bsorption,  and the natu,re of the  metabolites  circulating in the 
plasma.. t,Rter;.,ind:ivid.uall 'differences  in the rate of absorption  have also been  observed. 

2, FAS'EBi8 1995:. Ttiir;d:  'Report on' Nutrition  Monitoring  in  the  United States, Volume 1. Interagency  Board 
for Nutfittion, M'onitofiing andl Related Research:  Prepared by the  Life  Sciences Research Office (LSRO), 
!Federation! of American, Societies  for  Experimental'  Biology. U.S. Government  Printing  Office,  Washington. 

Anderson:, S A  1:988. Estimation, of Exposure TO Substances  In The F w d  Supply.  Life  Sciences 3 

'Research, Offrce,, Federation 'of Amecican  Societies For Experimental Biology,  Bethesda,  Maryland. 
8mm5.6 
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The: @ bid logical^ activities of polvphenols  are  affected by their bioavailability.  Taken  as  a 
class4 ofIwmpound~s~, there is 'ind:irect  evidence 'of the  absorption  of  polyphenols  through 
thel giut  bami,er  based:  u'pon  in,creased;  p'lasma  antioxidant  capacity after consumption of 
poflyp:h.enol richl food stuffs  suc'h  as  tea, red wine,  or  black  currants  [Scalbert & 
Wifl;i'almso,n, 2000]~.. 

:Bath1 ,in vivo and in vitro studies using polyphenolic  compounds  with  different  chemical 
.s$m&res and  soluibilities' illustrate their  varying  susceptibility to absorption  and 
8metaboljsm,. Bravo 8fl'9981 suggested;  a  classification of fractions that distinguishes 
:between extractable and non-extractable  polyphenols using a  variety of different 
solkents>.  Extractaibfe  poly,phenofs  included low- and  intermediate-molecular-mass' 
,ph:endl:ics which 'incfudedm monomeric  and  presumably  dimeric  and  trimeric  PACs.  High 
,molecul'ac  weig,ht,  polymerized' 1PACs or those  which  tended to bind to dietary  fiber or 
lp,r;ofeirt and; fhu,s could not be extracted  us'ing  the  usual  solvents  were  considered 
insoliu  ble. 

The absorptjon! of 'polyphenols8,  8particularly  PACs,  de,pends  upon  molecular  weight. 
These cornpound,s  exist in a #polymelrized  state  and  because of their high molecular 
weiQlhh,, .art? ,not  bkefy to be  easil!y  absorbed  'in the small  intestine.  Evidence  showing  the 
a'bsmptiionl of PACs  throughl  the gut barrier is still  scarce  [Santos-Buelga  and  Scalbert, 
20"lJ. A ,preliminary  assay  'by  Deprez ef a/., [2000] 'on in vitro absorption  through a cell 
lmonol:alyer derived from' the 'human  'intesti,nal  cell line Caco-2  showed  that  radiolabeled 
1PAC: dlimer  a!nd! timer were  absorbed' in contrast to polymers.  The  dimer  and  trimer 
'were! a'bsmbed to a similar  extent  as  catechin  although h i s  could not be confirmed in 
vivo. 

7 2  Dis'tribution 

'More direct. meviden,ce on the  bioavailability of a  few  phenolic  compounds  has  been 
'dbtained! by' measuring' their  concentrations in plasma  and urine after  ingestion of either 
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,pwe cornpou,nds or foodstuffs  known  to  contain  compou'nds of interests.  These  data 
are :provided 'in1 Table 7.1' 

Table 7.1 !Bibavailability in Humans ob Po'lyphenols Consumed Alone or in 
Foods* 

* Pblyphenots,  !principally  lint  the fom of conjugated  metabolites, as sulfate  esters or glucuronides,  in 
plasma and!  urine,  'were!  'hydrolyzed, by acid  or enzymes  before  chromatographic  or  colorimetric 
ana'ksis. 

The 'same data  'provided 'in Table 7.1 'indicate  that  the  concentrations of intact  flavonoids 

in hu,manl lpllasrnai rarely  exceeds 1 , p M  when the quantities  of  polyphenols  ingested  do 
'no$ 'exceed:  those  commonly  ingested  within  our  d'iets  [Scalbert  and  Williamson, 20001. 
Th!esa  maximum,  concentrations'  are  most  often  reached 1-2 hours  after  ingestion. 
!Measo,rernent of the plasmal  antioxidant  capacity  suggests  that,  after  consumption of 
110-100 mg 'of a  single  compoulnd,  ;more  phenolic  compounds  are  present  largely  in the 
f b m  of ulnspecified  metabolites  lproduced  'in  tissues or by  colonic  microflora.  Scalbert 
and Wif18iarnsona [2000]~ believed  that  future  research  should be directed  less  toward 
:pa!bent compounds' :but  cather upon the  biological  activities of these  metabolites  and  in 
,particular  upon  conjugated  analogues. 

For most  flavonoids absocbedi in  the  small  intestine,  the  plasma  concentration  then 
Nra;p,idly d,ecreases  with  an  elimination  half-life of 1-2 hours. This fast  excretion is 

,facilitated  'by the conjugation' of the  aglycone  to  sulfate  and  glucuronide  groups.  The 
'ma'intenance of high; ,p'lasrna  concentration,  thus  requires  repeated  ingestion  of 
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,poDy,p;he.nol:s over  time,  The  exce,ption'  to  this  are  t,he  polymerized PACs which  may  be 
albsmbed onfy afier partial  degradation  by  colonic  'microflora. 

7.3 MetaboHsm 

O:ncel f R ! e  !PA& or the fe,rrnentation  ,products  ,have  crossed  the  intestinal  'barrier,  they 
rea& %he !liver,  the main organ1 linvolved  in  the  metabolism of polyphenols,  via  the  portal 
ve:h. Thel ,im,plication, 'of other  organs  such  as  the  kidneys  or  intestinal  mucosa  cannot 
'be im?lt'edm out as' they contain  enzymes  'involved  in'  polyphenol  metabolism.  Flavonoids 
a,s: a: grwp,, ,and! PAC olig,omers  specifically,  when  ingested  ,orally  and  absorbed  through 
the: smafl~ intestine, are  wbject to  substantial;  'catabolic  changes.  This is important  since 
it, mu~st, ,be.  ,con,sidered 'that the  'nutritional  effects of flavonoids  might  not  be  due 
ewcl.usixe3~y to8 the 'cornpotll!nds  !in  particular,  but  to  the  post-absorptive  metabolites. 
Kithnaui  :fjl976]!  stated  that  the  urine  of  animals  fed  flavonoids  contained  a  series of 
,poliyph,eno!ic, cornpomds :later  identified as aromatic  acids  ,not  found in control  animals. 
The Ifomation of; the  lmeta:bdlites  was  explained  through' a detachment  of  ring-A  from the 
fl'avonoid:  rnollecule'  and  'by opening  the  heterocycl;ic  ring-C  that  may  proceed  along  a 
series, ,of three'  pathways,  depend,ing  u;pon  the  chemical  'nature of the flavonoid  ingested. 

mConj,ugated  an,d8, 3'-GrnethyIatedi  derivatives  have  been  detected  in the plasma of rats 
adiminisfered,  catechin ~[Bwvo, 19981.  These  metabohtes  are  secreted in the urine  or  the 
!bile. In th,e 'latter  case',  they  :maly  then  enter  the  enterohepatic  cycle  when  deconjugated 
'by the 'ation1 of colon:ic  microflora  a'nd  be  reabsorbed.  Alternately,  they  may  be  fully 
'meta:bolikedl  a'nd  converted  into  simple  phenolic  acids  after  hydrolysis of their  flavone 
structure  med,iated  by  bacterial  enzymes [Bravo,  19981.  The urine of rats  fed  catechin 
contained,  hyd!roxylated!  p'henylpro,pionic  acids  as  well  as  some  ,hydroxylated  benzoic 
acids.. 'Ulnspecified  su,bstances of a  lactone  character  were  also  detected  [Kuhnau, 
81978;6];., The hlydroxylation  pattern of a  polyphenol  will  determine its susceptibility  to 
bacfeiali degradation. The absence  of  hydroxyl  groups  will  prevent  ring  cleavage 



,No1 iit vivo studmies have  yet  been  reported  ESantos-Buelga  and  Scalbert, 20001, but 
PACs are extensivelly  rnetabollized8,  dehydroxylated,  methylated or conjugated  to 
sufpR1at.e este,rs or glucu.ron;ides'  as  has  been  s'hown  for  other  flavonoids.  These 
reia,ctio.ns  both' limit the' ,potentiall for the  formation of toxic  qulinones  and  facilitate  the 

excretion1 of ~PACs in the form of anionic  derivatives. It 'is  likely  that no more  than  a  trace 
of PAC's, hifh ;intact  Odlihydroxyphenyl  groups  'survive in the  tissues.  Therefore, it is 

" important, 'to study the' 'biological'  effects of PACs  not  as  they  are  ingested  but  as  the 
metalbo'liXes that  reach  target,  tissues. 

As, p,red,ictedi  by  Bravo [1998j, the  non-extractable  'polyphenols,  such  as  polymeric PACs 
are lrel!atihely i n e ~  in the ldig,estive  tract  and  'recovered  extensively  'in  the  feces. 
However there is' evidence that pollyrneric PACs ,may mdergo degradation  by  colonic 
mi:cr;080ral.. W,hens 'incubated in' vitro under  anoxic  conditions  using  non-labeled  and 14C- 

:Iab&di ;p&ied PAC polymers,  :De,prez et a/., [2000], noted  that  after  48-hoursI  the 
~potvme,rsi  welie' almost fotaily  degraded.  The  'result  indicated  that  these  high  molecular 
,we.ig~hit comlpol?t;nds can:  be 'degraded  by  colonic  microflora  into  low-molecular  weig'ht 
a,tarnafi:c:  a:cid:s' wh,ich ditfer accordi,ngl to their  hydroxylation  profile  and  the  length  of  the 
al:illi>ha.tic side chain.  Phen'ylacetic,  phenylpropionic,  and , phenylvaleric  acids, 
smo!noRiydico@ated mainly  'in  the meta lor para ,position  were  identified  as  ,metabolites  by 
GCMlS., ,Alfi~ ,of t!he  aromatic  acids  identified  as  ;metabolites  of  polymeric PACs produced 
;by  'coloon~ic8  ;mi~ccoflor;a were  similar to those  prod'uced  my  colonic  microflora  metabolism 
of: (:+m)-cafecRi:n~  or procyanidin  dimer B3. Deprez et a/., suggested'  that in order  to  further 

'u!nd'ersta.ndl the :nutiitiona18  prolperties of d,ietary PACs, it ,will# be  necessary to study  not 
onfy their b~ioIog;icA :properties  'but  also  those  of their metabolites. 

Evi~de:nce of the  absorption  and  metabolism  of  poly,phenols  from  the  gut  exists,  but  less 
is; knoWni about, the 'efficiency of such  uptake  and  the  'permanence  of  phenolic 
com,pou,ndls~ or their;  conjugates  and  derivatives in the body.  Animal  studies  with 14C- 

ilaibelBd;  :pfie:nol~ics' 'indicate  that  !only  partial  a'bsorption  takes  place  [Bravo, 19981. The 
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perce,n;ta,g,e of the flavono:idl  excretion  compared to ,potential  absorption  in the gut 
se,em,e,di to vary  according;  to  the  nature  of  the  compound.  No  data  were  available  for 
ca;tech,in,,  epi&echi,n, or  oligomeric  'PACs. 

&$3 ~PRECLIN11~CAL TOXICO'LOGICAL SAFETY 

C!hmg e$ 'a[. [1998b]  reviewed  the  'reported  health benefrts and  risks  associated  with 
mnlsu,mption, of tannic acid..  Though the majority of their ,review  focused on the  effects 
#of ,the 'hydirol'yzable  tann'ins,,  there  was  some  discussion  ,related  to  condensed  tannins 
in,e[,uding, catechin,  and  epicatechin.  They  note  that  many of the anti-nutritional 
lpro,per$ies8  associated with tannins  result  from  hydrolyzable, not condensed,  tannins.  In 
addiid,ion\, though, tannins have  been  reported  to'  interact  with  proteins,  catechins  and 
,e,pi:catechins  'would,  be too  small^ to have  such  an  effect.  A  minimum of 350 D is 
,aequ,iredi for t,ihNi's activrty,,  and^ tKs size i s  not  reached in ,monomeric  flavonoids.  They 
a,!so,  inote' that: certain poJ~yphenols,  such  as  quercetin,  have  been  found  to  exhibit 
suspected1 carcinogenic  activity  'in  some  studies,  though  other  studies  have  shown an 
ain,tikarcinog,eniic  effect. It is therefore  'important  to  note  that  polyphenols  are  a  diverse 
goup of com~pounds  capable of inducing  d'ifferent  res,ponses  in  different  models. 
H'oweve#r, the overall:  finding!  for  the  PACs  found  ,in  the  Me,gaNaturalTM GSKE and GSE 
prod:ucts: mind~icate that  they  do  not  pose  a  safety  concern for those  consuming  them. 
The.  fol:l,owing,  d:iscassion  supports  this  conclusion. 

8:. l i  Ge,notoxici)ty 
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8.,1., f Mutagenicity Evaluation of MegaNaturaP GSE and GSKE 

Mega,Matmal,N GSE and GS,KE prodlucts  were  evaluated in a  mouse  micronucleus 
assay to determine their potential for in vivo 'clastogenic  activity  and or for  the  disruption 
of the :mitotic  alpparatus  by  quantifying,  micronuclei in polychromatic  erythrocyte (PCE) 

celils, ,i:n the' ;bone  marrow 'of Crl:CD-1 mice,  For  each  assay, GSE or GSKE was 
ctissofved !in! :01.,5% carboxymethylcell~ulose (CM'C) and  administered  by  oral  gavage to 
six males per d,ose' level per :harvest time point.  Dose  levels of the two test  articles were 
500,, 1,0001, and: 2000 mg/kg,  with  euthanization  scheduled for 24 and 48 hours  post- 
dosing1 to' allow for bone malrrow  'harvest. In addition, 12 animals  received  the CMC 
veMcle contl;ol and  an additional 6 anima'ls  received a cyclophosphamide  positive 
coniroli. The  complete  dosing  scheme for the  micronucleus  assay  is  presented  below in 
'Table 8#.:l. 

Table 8.,1: Dosing Scheme  for  the  Mouse  Micronucleus Assay 
target Treatment, ~I Stock  Dosing 
(;mglkg)l ~ Concentration ~ Volume 

(mglml) (ml/kg) 
'Veh,icle 'Controll: 0.5% 0 I 20 1 6 6 
cacboxymethybllulose 
!Positive Control:, 8 10 '6 - 
cyciophospharnide 

" Males / Harvest Time'Point 

24-Hour 48-Hour 

M"egaMaturaf'Ddl GSE 

Replacement 
Males* 

* The animals, in 'the  secondary  group  were  dosed' as ,potential 
group!. Animals8 not,,usedl as 'replacements  were  euthanized at 

replacements for the  original 
the  completion of study. 

high-dose 



MI ajn!i'mafs'were  exam'ined for signs of toxicity  and or mortal'ity  immediately  after  dosing, 
' a k r  aipproximately  one hou!r, and'  aga,in  daily for the  duration of the assay.  One  animal 
in1 th:e: 2,000 rnglkg' high1 dose G'S'E test g,roup  was  found  dead  at  the l-hou,r post  dose 
check. No fu:rther  signs of clinical toxicity  'were  observed in any of the  remaining 
a:nlima:ls at, anly dbse)  ;level#. At the  a'ppropriate  harvest time points,  the  animals  were 
e8u:t:hla'dzedl  aRdi the'ir  'tibiais  Iremovedl for marrow  extraction.  Slides  were  prepared  from 
the :born ;marrow co'llected  from  fi've  ani,mals  pe,r  group  at  each'  time point and  scored  for 
lmicronu,cleii aind PCE to NCE (:normoc'hdrornatic 'erythrocyte)  ratio.  The  micronucleus 
f;leq,uency was determined ,by  analiyzing  the  n:umber of micronucleated  PCE's  out of a 
min,i,mu:m of ,2000' PCPs ;per;  ani;ma!l. 

j 

The 'MegaMaturaCTM 'GSE was d'etermined to have induced  a  statistically  significant 
'decr;.ease  in^, the f?CE,:NCE lratio at the 48-hour  time  'point in the 2000 mg/kg  high  dose 
g,t;oup alnd  wa!s:  Iconsidered! to prese,nt  evidence of cytotoxic  'activity in the mouse  bone 
;maaow,., Thiis; indica,tes~  that  the  dose was  reaching,  the  bone  marrow  target  tissue at a 
:high: e;noug:l.s,  concenltrationi to' affect  t'he  cells  and  therefore  validates the study. No 
statistkall~y ,sig;n;ifica,nt increase ,i;n  ,micronucleated  PCE's  was  observed at any  dose level 
OF   ha west time'  po,i;nt.  The MegaNatvralTM GSKE :ind'uced no signs of clinical  toxicity in 
amy 0fth.e' treated animals:, nor wa's if cytotoxic  to the bone  ma,rrow at either  time  point. 
G,SKE d:id! ,not ilnduce  an'y statistically  significant  increase in mouse  micronucleated 
PGE:'s ai: any d.ose  levell  or 'harvest ti,me  poi'nt.  A  summary of the  study  findings  is 
'presented:  below j:n Table 8.2. I~t was  concluded that the test articles,  MegaNaturalm 
GlSEI Mega:Nat,u,ral,m GS'KE, were  negative  ,in  the  mouse  bone  marrow 
micmno!cf'eus assay undler'the conditions of this  assay. 



Tablk 8.2 :Micron'ucleus 'Data Sum'mary 
Tceatment Dose Harvest  Time (ht) % Micronucleated Ratio of PCE:NCE 

V'eAick Cont~ol 0.5:%, CMC 24-hours 0.04M.02 0.53k0.03 

48-hours 0.05-tO.02 0.79S.09 

Positive, Controli ~1 80 rng/kg  24-hours 2.1 9k0.20'  0.41 M.03** 
M'egaN1aturalP GSE ' 500' rng/kg , 24-hours  0.02+0.01  0.61M.06 

~ 1000 lmgkg 24-hours 0.02+0.01 0.76S. 14 

PCE's (kSE) (Mean kSE) 

' :  

i 

20008 mg/kg  24-hours  0.04k0.03  0.55M.06 

48-hours  0'.06k0.02  0.44+0.44** 

'MegaMatural m1 ~ 500 mg/kg,  24-hours  0.04k0.03  0.84M.06 

1000  m,g/kg  24-'hours 0.01kO.01 0.75H.07 , 2000 :mg/kg 24-hours  0.05k0.03 0.5039.05 

~ 48-hours 0.03H.02 0.68kO.08 

GSK'E ' I  

~ 

'* 'SignlBcantly  greater than the  corresponding  vehicle  control, p<O.OI. 
** Si'gn,ificant@ ,tess than, the  corresponding  vehicle  control, pS0.05. 

8. p",2 Litera,,ture  Evalustion of Polyphenok 'Compound Mutagenicity 
'Studies 

Sewraf stud:i,es:  'have been reported'  wh'ich  examined  the  'mutagenic  activity of fractions 
iso:l!a%edl fromt extracted wine spol~yp'henols. This  activity  was  reportedly  associated  with 
the' presence of ,q:uerceti,n  colmpou,nds in se'lected  fractions. In an  attempt to isolate  and 
'idlentify an'y rnota,genls foulnd 'in red wine,  an  organic  extraction  process  was  employed 
to1 ,re:move  .as muchl of the polmyp:henols from the  red  wine  as  possible v u  et a/., 19861. 
Th,e 'resulkant  extract wa:s  then  evaporated  and,  extracted,  with  'methanol  and  evaporated 
to a1 finafi vo'lurne of 285 ml. W"istid,ine  auxotroph'ic  strains  TA98  and TA100 of Salmonella 
fyphihunum were e,mp:ioyed in conjunction  with  human  fecal  glycosidases in the 
Npresemce or aibence of S9 rat, l'iver  microsomes.  In  the initial screening,  the  phenolic 
,extra,&  wa.s  tested'  over a 3-tog concentration  range'  in  the  presence of S9 and  fecalase 
;in; both straiins,. Revertant  rates  twice  that of the  sponianeous  reversion  rate  were 
obtaiined 'in both strains.  The  rnutag,enicity of the  phenolic  extract  exhibited a dose 
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:response  effect  over a narrower  range of concentrations.  Using a Sephadex LH-20 
mchir;o:ma:tog:ra,ph,ic  column, th'e  lphenolic  extract  was  then  fractionated  further  into 3 
f~a,dions IFrf, IFrlIi,  and Frlll. Each'  fraction,  was then tested in strains  TA98  and TAIOO 
ag:a;inl with,  fecatase in the presen,ce or abseme 'of S9. Frlll was significantly  more 
rmuta,genic, ;i,n TA98 in the  presence of fecalase  than  the  other  fractions  and  was 
seliectedl for k:rthe,r fractionation.  Employing  multi-layer ' coil  counter-current 
mch;roma60g,rap'hy, Frll'l was  broken  down into 5 su'bfractions  designated Frlll-1 .through 
FrM-5. Preview 80'bsetvat'ion  had  determined  TA98  to  be  the  more  sensitive  indicator of 
'mu$a,geni'city of the  wine  components  and the five Frlll fractions were then  tested in 
TA98,. 'Most 'of the  rnutagenlic actmivity of Frlll was essentially  recov'ered  in Frlll-4. 
lConcentra:a8ionl and iUV s~pectrographlic  analysis  determined  the  mutagenic  component to 
 be. rutin; 1(3-rharnn8oglucosyl'  quercetin). 

In1 a!  second1 S. typhimurium mutagenesis  assay,  the  mutagenic  potential of the 
salbstan,cesl foound in 'red  and^ white  wines of 'Chile  were  examined  because of the  high 
risk ~of~gastsi~~ camce.r  in1 th,e Nregioni [Bull et a/., 19871. Samples of 50 - 200 mL of wine 
'weGel concantrated to  tenth of their volu.me  'by  lyoph'ilization.  An  equivalent of 10 
mnlk, winie was  subseque,ntly  extracted in 20 volumes of ch1oroform:rnethanol (21) 
fof'liowed8: by addition, of 5' volu:mes 'of water.  Both the upper  methanolic  and  lower 
chl'or;ofbfbr;;mk phases' were  then  evaporated  at  room  temperature  under  nitrogen  and  the 

residu'e, was d,issolved in 1 ml of dimeth'yl  sulfoxide (DMSO). During  preliminary 
8evaluation8,  su,b,s;bn#ces' in' the  'chloroform phase displayed no mutagenic  activity. 
'Thnrefore:,.  ont,y  tR,e methsnol:ic'  phase  was  emp'loyed in the later experiments.  The 
,miir,Rag:e.nicity assays'  were  conducted using the  methanolic  phase in Salmonella 
.(yphciimutium 8stra:ins  TA98: and  TA100,  both  with and without  metabolic  activation in the 
form 'of S9' rat l,iver fraction microsomes.  The  results indicated that the  fraction  isolated 
fmrn red wines  were'  twice  as'  !mutagenic  as the fraction  from  wh'ite  wines  in  TA98, 
wR8areas8 activity  was  about equal i'n  stramin  TAIOO.  A linear relationship  was  observed 
'tjehveemn'  .mutagen:ic  activity  and  the'  amount of wine  extractant  added u'p to 1 ml. When 
;the, tesb were cond'ucted:  ,in  the  ,presence of S9 metabol:ic  activation,  mutagenic  activity 
reema;in:edll fh,e 'same  as' that obtained  without  activation. In this  study,  no  attempt  was 
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:ma,del to dletemi'ne w8hich8  component found in the methanolic  fraction  taken  from  red 
w,i~n!e wa.s lresponsi~bl'e for the mutagenic  properties  displayed in S. typhirnutiurn. In the 
discwsion of their  'results, the a'uthors  cited  research,  postulating  the  mutagen  may be a 
gdlycosidie of; mmu'tag,en,ic flavanols such  as  quercetin. This would  be  consistent  with  the 
findings8 ut: Yu [ I  986J, d1iscu;ssed 'previously. 

.Ani ovemiew of the  ben'eficial,  a'nd  ,hazardous  effects of phenolic  compounds  conducted 

by St'lch! ,~1,9.9~1~] ind"icated that the 'large  variety of ,phenolic  compounds in nature  may 
:posses  multiple fmctions and thus some  may  act  as  antimutagens,  anticarcinogens, 
alnd: .anti;promotew,  w,hereas  others  may  act  as  mutagenic,  carcinogenic,  and  promoting 
a,ge,nts.. Chol et ai.,, :[18994],  investigated:  the  mutagenic  and  antimutagenic  activities of 
s:ever;alI~  fla,vonoids, including (+)-catechin  and  (-)-epicatechin  u'sing  the  Ames  test.  Both 
f'+)-ca;&chin ,and (-)-catechin  demonstrated a' dose-dependent  antimutagenic  activity 
a,g;a.i,ntst afla'tox.in B,, with a 5.0%' solution of the  flavonoids  inhibiting  mutagenicity  by 
8@$, a;nd '77% 'respectively.  On  the  other  hand,  H'ayakawa et a/., [I9991 reported  that 
ca#ech,in,,  among  other  ,polyphenolic  compounds, ,in conjunction with Cu2+, facilitated 
~D.NA, cl:eava,ge,. At the molecular ilevel',  simp'le  pheno'lics  can  induce  double  strand  DNA 
.breaks; Jn vitro,, as' shown, in Ta'ble 8.3 below  l[Stich', 19911. 

Tablie 8.3 DNA-Brea!king Acti,vity of Phe;nyl Compounds In Vitro 
: 

~ C'omlpou:n,dl 
I 

~ Substitution Groups DNA-Breaking 
I 
I 'R3 l R 2  'R 1, R4 

~j 'Rhen,ol 

H OH H OH ~ Resorcinol, ' 

+++ H H OH OH' : I  1erocatect;roii 
- H H M OH 

Activity 

~! 



lm ai sesi:es' 'of expe,n'ments  designed to evalulate  flavonoid  action upon DNA,  as  both a 

med'iato8r ,of antio'xidant  'an,d  pro-oxidant  activity,  Ohshima et a/. [1998], examined  the 
effects' of f8 fliavono'ids  llrlpon the pEJR322 plasmid  isolated from calf  thymus.  In  the first 
assay,,  tihe  leve'li 'of sjingle-strand  D'NA  brea;kage (SSB) was evaluated  by  incubation of 
the' va,riousi  Aavonoids in the'  absence or ,presence of a  NO releasing compound, 
diefhytia;mi,n,e-~NO: I,.ncubation of t'he  :plasmid  DNA  with 0.1 mM of flavonoid  alone for 30 
min;u,les, resuRed in no sig:nificant  increase i,n, conversion, of the covalently  closed  circular 
dwble;-sdranded  su;pe,r-coiledi DNA (form I) to a  relaxed'  ope,n  circle .(form 11), compared 
wi% t'h;a$: af the ,non;-treated  ,plasmid.  Ilncubation  with  the  flavonoid  and  DEA-NO,  also  at 
ai co,nce.nt8ration. of 0!.1 mM,, increased  the  format'ion, of form I1 'significantly,  although 
ca8t;echii,nl a,,nd: epicatechin  were  not  regarded to have  had  a  significant  effect in this 

lrega;:rdl., The ;results of this' 'assay were  expressed  as  the mean number of SSB (+SD) 
per. 1110~' ;base pairs of 'DNA after  correct'ing for  background and are shown  below  in 
Taibk 8.4'. 



T;a;b~l;B; 8.4; D:NA Strand  Blreaks  Induced by Flavonoids in Combination with an 
M~O-Releasi.ng  Compound 

* S1i:gnificanf induction 'of 'SSB compared to 'nontreated DNA  fp<0.05). 
**' The expeciments were carried out in the  absence of 0.1 % DMF. 

tin: a second,  assa'y  conducted  by  Ohshima et a/. '[1998], 0.5 mM of peroxynitrite was 
adidied: to a reaction mixtu:re  containing  flavonoids  prepared in dimethyl  formamide 
@ME) at., a concentration of '0.05 m'M or 0.5 mM. Each  reaction  was  conducted in 

d'ul.p!tic&e. After havingl ru:n to completion,  each  reaction  was  dried  and  analysed for 
singiilie strand: breaks' ,per 1104 base  pairs of DNA. It was determined that flavonoids 
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decreased peroqmitrite med'iated SSB in a dose  dependant  manner  as  shown  below in 
fa :bk 8#.,5. 

Falbk :8.5'# :Effect 'of: Flavonoids on Peroxynitrite Mediated DNA S'trand Breaks 
' I  ;FIava,noi'd: ' 1  ln'hibition (%) of 'Peroxynitrite  Mediated SSB 

0.05 mM 0.5 rnM I 

! Apigenin' 55 54 

49 
~ 

82 

I ~I Caffeic Acid 

98 1 Catedtoli 1 89 

97 '9 1 
' i  

~ 

89 73 
~ iPyrctgajro,t 

93 71 Galliic acid 

* 'Peroxynikite at:,0.5mM8  induced  formation  of 3.6920.1 0 SSB per lo4  bp DNA in the presence of 0.1 % 
t%MF., 

I n  8 si,mil,ar assaly,  thse effect of exogenous  flavonoids added at  concentrations of 0.01, 
Oi.l~8s aind -l mh/l"08n the peroxynitrite'  mediated  nitration of guanine in the  plasmid DNA was 
evaluated;.  most test compou,nds  at  the 1 mM concentration  almost  completely  inhibited 
8~-lnitr~ogi~,an~i.ne formation.  Samples  were  tested  by HPLC for the  presence of 8- 
!nitrog,uan'ine or 8-oxogua,nine,.  Th,e  levels of 8-nitroguanine  and  8-oxoguanine in DNA 

farmed with 01,1! mMi peroxynitrite  were 2.89i0.41 a'nd, 0.25i0.08 mM/M guanine, 
respective:ly.  Decomposed' peroxyn.itrite did  not  generate 8-nitroguanine but formed,  8- 
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oxagu,a;nii,ne alt, th'e  level of ~0.~0860.~01 mM/,M guanine.  Non-treated  plasmid DNA 

con$ainedi 8-oxoguan:ine at t'he  1;evel of 0.05+0.01 mM/M guani,ne  but  ,no  detectable 8- 
ni&mguanine.  The  &oxogu,anine  ;levels  in, the present  assay  were  not  significantly 
,h;igtiles iin the, c a l f  th,yrnus DNA plasmid  t,reated,  with  peroxynitrite  than in DNA treated 
with! decomposed peroxynitrite  ;[O,hshima et a/., 19981.. Therefore, no clear  effects, 

e:it.her #acceleration or inhib:itio,n, of the  tested'  flavonoids on the  formation of 8- 
oxog,l?tma;niln:e,  could^ be  determined.  The  'results of HPLC analysis  of  8-nitroguanine  are 
presented; 'below in Table 8#.6. 

Tablle 8.6.  effect of Flavon'oids  on  Peroxynitrite Mediated Formation of 8- 
nitroguan'ine 

* 'Results are presented' as percentage of control. 



Heo, et a/. ~[1:9.92] in'vestigated  the  muta,genic  and  the  anti-clastogenic effects of 5 groups 

,of ~flavonoi'ds,,  including;  (-)-epicatechin,  'in  bone-marrow-polychromatic  erythrocytes of 
,fiG;R ;mice:.  Miice were  given, 0.1 mg/kg, 1 .O mg/kg,  or 10.0 mg/kg of the respective 
f!avo:noids,  fo.r five da,ys to' test, the  mutagenic  potential  of each compound.  On  the  fifth 
ldialy,, $501 rng/kg; 'of the  ca'rcinogen mbenzo[a]pyrene was  injected  intraperitoneally  into half 
of the,  im~ice8  at  ,each  treatment  level in order to test the  anti-clastogenic  activity of the 
fl'amnoid~s,., The mice  were  thenl  sacrificed  and  preparations  of  bone  marrow  were 

'cacried~ out to allow for observation of the  frequency of micronucleated  polychromatic 
erythlt;ocytes  '(MiPCEs,).  Epicatechin  and  catechin, like al,most  all of the other  flavonoids, 
dli'di #not  inbtilce a' s'ig,n:ificant  ;increase in M;PCEs  as  compa'red  to  controls.  The  only 
fi;ajvonoid that d'emonstrated  sign,ificant  clastogenic  activity  was  quercetin. In addition, 
most. o$ the,  flavonoids',  in,clud'iing  (-)-epicatechin,  were  able to suppress  benzo[a]pyrene- 
hduced MPCEs,  thoug:h  (-)-epicatechin  did so less  potently  than the others.  Similarly, 

epricatech'in wals aible' to :reduce  the  clastogenic effects of two other  carcinogens,  ethyl 
m,ethanesul'fonate  and 7,l 2dimeth8ylbenz[a]anthracene. 

At: 4h.e: cellukr level,  several'  si'mple  phenolic  compounds  which are absent or present 
ornly at very low levels iln the  MegaNaturaP GSE and GS'KE have  proven  to  be 
i,nduce.r;s. of ct'astogenic activity thlroughm 'induction of chromosome / chromatid 
a:bemtions a i d  sister-chromatid,  exchanges,  as  indicated in Table 8.7. This  clastogenic 
adikity hals 'not alwa,ys  'been,  matched by an equally  stro'ng  mutagenic  effect in the 
SahoneJk typhimurium assaly. 



Tabb &7 C:las$ogenic  Activ'ity of Monomeric Plhenolic Compounds in Chinese 
Hamster Ovary (CHO) 'Cells 

Compound Chromatid Chromatid Metaphases I Concentration 
~ (mg/ml) Exchanges per Breaks per Cell with 
~ 

Chromosomp 
Aberrations 

Cell 

(%I 
Catechol 

I 'O'.O 1 4methyy;li cajechol~ 
0.67 0.17  23.5 Oi.05 

0.21 0.03 10.1 3.0  'Phloroglucinol' 
0.95 0.08 14.3 1.6 Resorc id  
0.73  0.1 0 20.0 

t, 

~Pycogall'oll f '0.1, 
1.08 0.14 22.6 

,p-'H&froxybenzoic  acid 

4.8 I 25.0 Van,illic:  acidl 
0.87 0.04 20.5 3'. 0 :Protocatechuic acid 

0.00 0.00 0.0 25.0 

1.23 '0.01 18.5 0.1 3,~-'Dili;ydr;oxyphenylacetic' 

0.00 0.02  1.5 250 Sa!:iql:ic: acid1 

1.44  '0.17 38.6 ' I  3.0 ~Sy&tgic acid 
0.70 0.03 24.1 0.05 lGa'll:ic, acid, 

0.07 0.02 

,acjdj 

'p-cournacic acid 

0.08  21.5 I 08.4 Eu:gen.oli 

0.15 0.12 7.8 25.0 Fernkc, acid: 
3.08 0.08 33.3  0'.2 1CafEei:c: acid! 
0.08  0.01 3.0 6 :O 

* ,Concurrent,'control'frequencies for  cells  receiving  culture  'medium  only  were  0.7%  metaphase  plates 

0.20 

with! chromosome  aberrations,  with  an  average of 0.01 breaks  per  cell  and 0.00 exchanges  per  cell. 

The1 genotoxic a,ctivity of phenolic  compounds is strongly  influenced by a  host of 
modi!uOatin,gi factors  includ:in,g  varying  sensitivities of the  different  bioassays to the 

ef'ecfmphik rnetabol~ites of the  ,phenolics or to reactive  compounds  generated. 
W:bweves, the, in vitro bioassays  which  have  been  applied to uncover  mutagenic  and, 
cEa~stog,en,ic properties of pheno'ls  can  a'lso  be  applied  to reveal their  anti-genotoxic 
capacities. Phenol,ic  compounds ihave been  shown  to  inhibit  the  genotoxic  action of a 
vadety of compounds with1 :modes of action  that  differ  widely. 

Of ,pamr%icuJar relevame was  ,a  study by Fukuhara et a/,  [1981], which  focused  on  the 
i.nh:i:b!itolry ,actionl of phenol'ics ton the  mutagenicity of mixtures to which  human  population 
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g.rauprs:  a're 'actually  exposed,  pa;r;ticularly  during the pyrolysis of the  protein  albumin  at 
,difiere!nt  temperatures aIn,d u,nder  nitrogen  or air atmosphere in the  TA98  strain of S. 
typhimurium. Catechin, as well'  as  chlorogenic  acid,  pyrocatechol,  quercetin,  tannic 

a'ci'di, and propyl:  gaflate  were all evaluated  at 20, 50, 100, or 150~1 per  plate. 

'Evaliu~at~ions were also' cond:ucted  both in the  :presence of absence of 50pl of S9 liver 
mi;crosomall  fraction.  Overall,  the  polyphenols  reduced  the  'mutagenic  activity of albumin 
,pyrol~yzates to' 20.76% that, 'of albumin  without  additives.  In the presence of S9, the 
:mo$agen:ic:  activity of: pyrolyzates of albumin  was  reduced  by the addition of quercetin 

8a:nd ca;tec'hin'  'at 208, 50, 300, and 150 pI per  plate.  Some  reduction of mutagenicity  was 

observed i,n  the  other  ,pol'yphenols  tested. 

Tbe;ringi e,t a/. [1;996] investigated'  the  ability of'(+)-catechlin to inhibit  plant  activation of 4- 

'oiia~~-o-phenylenediamine (NO'P) into a  mutagenic  form  and  the  'mechanism  through 
wMch. this is accomplished.  Activation of NOP ,by both the 'intact  plant  cell  and  isolated 
how.e.sa'd!isR  peroxicfase,  systems  was  inhi:bi;ted  :by 10 mM (+)-catechin,  as  was 
peroxidase,  though not ,as  strong'ly. In addition:,  (+)-catechin  inhibited  the  direct 
mutage.nicity of ,NtOP in Satmonella,. 'Based  on these findings,  researchers  speculated 
thnat:  I(+)-catechi:n inh'ibits  'mutagenicity  by inmhi'biting the  activ'ity of O-acetyltranserase, an 
e!mym.e :involvedl in the  indluction lof 'mutations. 

Tea:l andl  Casto:ng,ualy  E19921 a'lso  investigated  the  anti-mutagenic  effect of polyphenols, 

indud'ing: caiedh'in,  when  the  TA1535  strain' of S. typhimurium was  exposed  to  another 
carci,nogen to which  humans  are  exposed, 80 mM of nicotine-derived  nitrosamine 4- 
(~meth~yl,n~itrosamino~)-1-(3-pyridyl,)-l-butanone  (NNK). The  anti-mutagenic  efficacies 
were dose-refated  ,between the non-toxic  concentrations of 0.1 and 0.5 mmol/dish.  At 
thle'  h,igh,est  ,dose, 0.5 mmrnolm, catechin  inhibited  mutagenesis at a  rate of 62%. The 
overall results of this study  ind,icated  that  'po'lyphenolic  compounds  might  inhibit  the 
acliva:ti,on of NiN:K,. sqgesting the  poly,phenolic cornpomds could  prevent  the  initiation 
p'hmalse; ofthe, carcinogenic  process. 



'Resea:rchl  'by  Apostolides  ~[1'997]  has  indicated  that  'polyphenolic  compounds  may also 

be effective  inhibitors of PhlP, 2-a,mino-l-methyl-6-phenylimidazo[4,45-b]pyridine, which 
is' ani im'podant  procarcinog,en  produced  du,ring  the  frying  and  broiling of fish and  meat. 

The!  'mutagenicity for IOpM of PhlP in S. Typhimurium strain  TA98 in the  presence  of S9 

,metabot8ic  activation  was  inhibited in a  dose-dependent  manner  by gallate ester of 
cakchi,nI and by tannic  acid;.  The  gallate  esters of catechin  and  the  tannic  acid  had  low 
:I::C50. val,ues8  whereas  catechins,  methyl  gallate,  and  gallic  acid  showed'  no  inhibition  in 
th~i's concentration  ra'nge.  The ICs  values  in  this  assay  were  inversely  proportional to 
th:e ~R;l,o'l:ecuta!t;weigiht of the  gallate  esters,  as  displayed in Table 8.8. 

Table: Inlhljb,itionl of: IMu'tagenicity  caused  by 180pM PhlP by Polyphenolic 
Comipounds 

:M,onte.i&h :E11990$, investigated the  effect of catechin  on the metabolism  and  DNA-binding 
ca;pa,b!iLiXias of 2-acety;lam~inofiuorene (AAF), a known  hepatocarcinogen in rats  and  a 
,m,uit;ag;en in1 !miuobial assays.  Rat  ,parenchymal  hepatocytes  were  isolated  from  male 
S:praguje-!Dawl:ey  'rats:  a,nd  were  cultu,red in collagen-coated  d'ishes. in media  containing 

cadech,inl (1i.0, 0.1, or 0.01 m'M) ,in  ethanol.  At the two ;lowest  doses,  catechin 
sign:ificant!V increased AAF lmetabolisrn '(8%, ~ ~ 0 . 0 2 5 )  by rat  hepatocytes,  while a 6% 

t.ed,u:ctioni i;nl AAF metabol,ism  was  seen wit,h a  treatment of 1 .O mM catechin.  In. 
adidiiionl,, treatment withi this h:ig;hest dose resulted 'in a 50% reduction in the  conjugation 

of rnetaibolies,,,  a 53% reduction' in the  ratio of water-soluble to organic  soluble 
me&ol:ites,,  ,a,n.d8  increased  #bindling1 of AAF metabol'ites to DNA  at  a  level 1.8 times 
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above'  controls.. In addition',  treatment  with  catechin'  approximately  doubled  the  amount 
of ~N-OH:-A,F~F  rnetabo'lite,  a,  carcinogen  that  was  produced  by  the  hepatocytes,  and  also 
afkctedI the 'leve1:s of several of the  other  AAF  metabolites.  Researchers  also  examined 
the' mutagen'ic' abillity of catechin :in incubations of hepatocytes  and Salmonella 

typhimuriwrn cells' and  observed  that  catechin  itself  was  not  mutagenic at the 
concentrationis, tested (0.5, 1 .O, and 5.0 mM8) and  that at concentrations of 1 .O and 5.0 
mMi it was  able to inh,ibit the mutagenicity of AAF.  However,  a  significant  enhancement 
of AAF-i,ndu.ced' mutagenicity  was  seen  with  a  dose of 0.5 mM  catechin. 

8.2 S'ubchronic  and  Chronic  Toxicological Safety 

8.2. $ Subchronic Evaluation of MegaNaturalTM GSE and GSKE 

A. 3-month, stud.y was  designed  to  specifically  assess .the potential for toxicity of the 

M:egalNiatu:raim line 06 Go'ld GSE a,nd  GSKE  products  when  administered  orally  via  a 
d;i:etary  admixture to Sprague-Dawley CD rats  (20/sex/group). A summary of this  study 
is' provi'dedi  'inl th'e  experimental  outl'ine,  as  shown in Table 8.9. 

Table 8:.9 Elxperirnental, Outline 

Microscopic 
pathology 
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'Diiietalry  con:centrat,ionIs of 0.63% GlS,E, 1.25%  GSE,  2.5%  GSE,  and  2.5% GSKE were 
administered;  over the 3-n"IOnth treatment  schedule.  This  correlates to nominal  dose 
lconcen;tration,s, of 6,300, 12,,500,  25,000,  and  25,000  ppm,  respectively. A negative 
controf giroq of 20 an:irnals  received  an'  untreated,  standard  laboratory  diet.  Analysis of 

the #die$ ;mic&res showed, that homogeneous  mixtures  were  produced  and  that  the test 
ail;tr'cles. were,  stable  in:  the  rodent  chow  diet  for  2-weeks.  Measured  mean 
con,cenBrations of the test  articles  dulring the studly  ranged  from 96% to 106% of nominal 
co,ncen;tra'tions. 

Thmughout'the8 course of the  study,  viability  checks  were  performed  twice  daily to check 
f o r  mortality  alnd  signs, of t0xi.c 'or 'pharmacological,  effect.  Physical  observations  and 
bod!y weig:ht,  :measurements  w,ere  pe'rformed  twice  'pretest  and  weekly  during  the  study 
pe:ciodl:. All aniirnals, survived  throug;hout  the  'study  a'nd  while  some  findings  were  noted 
a.cros:s  'a:ll,l  treatment  grou'ps,  'none  were  considered to ,be  compound  related. 

'Fe,ec$  consulmption was'  measured  once  pretest  and  then  weekly.  Body  weight  gains 
were simikr for al~l groups. Feed consumption  differences  were  noted  early in the study. 

8 E & m  da'y 7, male animals  :receiving  2.5% GSE or GSKE  had  increased  food 
,co,n:s,u'm,ption 'by approximately IO%, which  was  considered  small  but  statistically 

.s,igniiRca,nt. This elevated:  consumption  continued  throughout the length of the  study  and 
maly .halve  reflected,  increased  dietary  'intake to 'compensate for the high  concentration  of 
test, a:rticles lin th,e  diet.  'Feed  consumption  in  the  female  treatment  groups  remained 
silm,if'a:r to cantrot:  throughout  th'e  'study.  Table 8.1 0 'lists  test article intake. 
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Va'ble .8.3'01 Test Article Intake (rngl'kglday) 

OpMhal:rn,oscopic  exami:na;tio,ns  were  performed  pretest  and  weekly  during  the  study. 
H'e:ma&ology,  coaguilat,ion  studlies,  and clinical  chemistry  were  performed on 10 
a:ni'ma.Ik/sexfgroup at one'  month  and  at  study  termination. No effect upon any of these 
paiwmeters8 was 'observed during  the  consumption of GSE and GSKE. 

Afte't at least 92days of treatment,  ail  animals  were  sacrificed  and  a  complete 
macroscopic ,postmortem  exam'i~nation was  conducted.  Selected  organs  were  then 
weighed!.,  no' treatment-related  abnormalities  attributable to either  test  article  were 
noted:. Histopathological;  examination of selected  tissues  was  conducted  upon  all 
a!nli:mats8  i'n, the' control  and^ two high-dose  groups. In those  animals  receiving 2.5% GSE 

diie4ary sulpp'lernentation,  no  microscopic  lesions  attributable  to  treatment  were 

oBse,rvedi. 

rnaf,e rats receiving' 25% GSKE, a  significant (p<0.05) increase in the  occurrence of a 
cornrmonl re:nal~ cortical;  'inflammation,  comprised:  predominantly of lymphocytic  interstitial 
ihfi:iXmrates., was,  observed  in 11 of 20 animals  compared  to the occurrence in 4 of 20 
con;trol~  ani:rnal,s.  T'he  severity in most  cases was minimal.  This  increased~  frequency 

was: 'no4 observed in3  femalle  rats of the  same  treatment  group.  However,  this  lesion is 
commonly seen in male  rats,,  increasing in frequency  and  severity  with  age.  It is 
con,sid,exed' a  component of the  entity of chronic  nephropathy and therefore  not 



treatment related. This is corroborated  by  a  comparison wit'h research  facility  3-month 
study ,h?siCosica:li control data gathered  over  a  ,period  between  2000-2001  and  provided 
below i,n Ta,bl,es' 8#.11, 8.12,,  and '8.1'3. Male  rats in studies  00-2683  and  00-6126, 
cmdlucted conternpo,raneouIs'ly with the GSE 1 GSKE study, also experienced  renal 
oo.aicali  inflalmrnation in 40%' (8/20)  and 50% (511 0) of 'a8nirnals,  respectively. 

Table 8.,$Ii H:i,sltorical Co,ntrol IData - Study Data 
' 1  Study 

Initiation  administration^ / I  On Test jot Study ~ 1Nu.rnber 
Initiation Date Age at Route of ' /  ,Length ;!ln.itiaimNo8,~ 

~ ;(No./Sex) 
I 

~ 99-2681!5 ' '3 M 

11-Nov-99 8 W Dermal I 99-2628 f 3 M' I! 10 

14-Oct-99 6 W ~ 20 ! 'Diet 
1 

Alf ratssu,p,plied: by Charles River; of Kingston,, NY. 

Termination Anesthetic Species 
Date 

21-Jan-00 

C02 CD@ 22-May-00 

COT CD8 1 1-Feb-00 

C02 CDB , 

2-Jun-00 CD@ COz 

30-Juri-00 CO2 CD@ 

22-N0v-00 COz CDQ 

25-May-01 

08-May-01 

CO;? CD8 

C02 CDB 

00'0076 
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Talb'lie .8..$:2 M:i,storical' Control' Data - Male Rats 



Ta;bl:e8 '8.13, Hiistorical  Cont'rol  Data' - IFemale Rats 
, 
Miiccoscopic,  Eindings:  Kidney ITQTALI #individual  Study  Data - Female  Animals 

I I 1 I I MonthNear of Death1 I Jan-00 I Feb-00 1 May-001  Jun-00 
00-61 26 00-2658100-2683 00-2651 I !  Study ,Number( !199-2615199-2628199-2610199-2643 
1-May Nov-00 I 1-May Jun-00 



T,he s;igniificance of the increased  occu,rrence of thlis  sponta'neously  occurring  lesion in 
8re!a;tbn tol 2;.,5% GS'KE  admi:nistration  was  uncertain.  Overall,  no  consistent  findings 
were 'nofed for the lower  doses  of G'SE and  no  consistent  findings  were  noted for 

G~SKE.. There  was' no observed,  evidence 'of toxicity  or  adverse  effects  including  effects 
o:n; lendocri:n:e8  and  reprodiuctive  end~points.  The  overall  results of this  study  supported  a 
lNlo-Observedl-Effect Level (NOEL)  of  ap,proxirnately  21 50 mg/kg/day for administration 
of G;S8E andi G,SKE to' female  rats. I'n male  rats  the  NOEL for GSE was  approximately 

tT80 lmglkglda'y and in GS'KE,  ,a  No-Observed-Adverse-Effect Level (NOAEL)  was  also 
determ:in,edl to be ap,proximately  17'80  mg/kg/day.  These  values  represent the time- 

Wighedi ;mea,n:  dose  'rates  occulrring  in,  t,he  'high-treatment  groups  over the course of the 
studly. Empioying a 10~0-fold: safety  factor,  the  observed NOEL of GSE  and  GSKE  can 
 be conelated: to: a1 safe  hu'man  dose of 1075  mg/day for an  average 50 kg  female. 
:E:mpDoying:  th.e observed NOEL  and  'NOAEL of GSE and  GSKE,  respectively,  the  safe 
dose, for a!ni  a,verage 70 kg human,  ma'le  can  'be  correlated  to  1250  mg/day. 

8L.22 Literaitwe Review of Non-Clinical S'tudies Evaluating Polyphenolic 
Compounds 

,8:.2:.2:.'1 S:afetv  and,  Nutritional  Studies 

tn a! 3;t~daiy study,  lgra8pe  seed  tannins  were  i'ncorporated  ,into  a  protein  free  diet 
,adim~in:ilstered;  to, 3 grou,p,s of 6' Sprague-Dawley  rats  at  'levels of 0.2%  or 2.0 % in 
cornparism to ai 'controf  diet pallet et a/., 19941. No significant  observations  were  noted 
i'n: the gr;ou'p 'recei;ving 0.2%' tann,ins.  'In  the  h'igh  dose  g'roup,  growth  was  decreased  by 
aipp:mxtmatellly -1'3% compared to control.  Food  intake  and  therefore  nitrogen,  fat,  and 
stair& intake)  remained  id,entical  'in al~l th'ree  groups  due to pair  feed;ing.  However, in the 
"@est dose 'group,  enhanced~  fecal' ' d r y  weig,hR 'of app,roximately  27%  percent  compared 
to cantrol and'  i:ncreasedl fecal nitrogen  excretion of 50%  compared  to  control',  were 
,o:bsenredl., 'No changes  org:an weighsts were  observed.  This  study  'did  not  reveal 
s:ig,n,if.ca:n,t toKtic effects the  rats  except for reduced  nitrogen  and  dry  matter 
ldiig,esttb'il;ity  leadi,ng, to sligmhtly reduced  growth  levels  'in  the  highest  dose  group.  This 
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wa!sl thought to be  a result of th'e  dietary  effect of the  condensed  tannins  within  the 

Inlestine, The tamins formed1 less  'd'igesti'ble  complexes  with  dietary  proteins.  They 
akm were, shown to diirectly  interfere  with  mucosal  proteins,  stimulating  the 
desq,va:maXioo,  'phenomenon'.  This 'observation was corroborated  by  the  i,ncreased loss 
of fecal end~og,enous  'nitrog,en. 

I~nl ain.ot:her. ,rat feeding~ study, 4 groulps  of 12 male  Sprague-,Dawley rats received  a 
'n,ama!t dli.et,,  a) hypercholesterolemic  'diet,  or  a  hy,percholesterolemic  diet  supplemented 
with' 2%' grape seed;  PAC'  'monomers or 2% g,rape  seed  PAC  polymers,  over  a  course of 
,e,i#Rer 3 ,  or 9 weeks  [Te'bi,b, et a/., 19941,. The  intent  was to determine  the  effect  dietary 
gape4 seed ,PAC  ad'ministration  wou:ld  have  upon  rat  plasma  lipoproteins,  lipoprotein 
:li;pase:,,  he,patic  lipase, and aortic and:  hepatic  lipid  concentration.  Although the goals of 
fh.is8 study were predominant'ly  geared  towards  nutritional  endpoints,  certain 
observations can 'be made aibout the  safety of grape seed  PAC  monomers  and 
ipo1yrne.t.s fFom! the  results:  provided. 'No fatalities  or  adverse  effects  attributable to PAC 
~mot;t.omet'or polymer  ad:mi~nistratio:n,  were  reported.  Weight  gain  a'nd  body fat content  in 
%he dose groups' receiving  a'  hy,percholesterolemic  :diet  were  significantly  higher in the 
pos.itive control! d8:iet and  the  diet  containing  monomers  t'han in the  polymer  group.  This 
lelewated:  weig,'ht 'gain was  attributed to enhanced  lipogenesis due to the  high  lipid  level 
ilm the 'diets'., The addition of polymeric  PACs  resu'lted  in  weight  and  body fat content 

a'nd co,ncentration  sirn:ilar to' that seen  in  the  normal  dietary  group.  The  results of this 
study i~ndicated that  d'ietary  polymeric  gra:pe  seed  PACs  reduced  plasma  total 
c'hol'este.erot, triacylgtycerol a,nd L'D:L  cholesterol  concentrations.  Sign'ificantly  lower 
con.ce#ntratibn' of plasmal  V'LDL and, 'greater  concentration of plasma  HDL  cholesterol 
'were' allso  'observed.  compa:red  to  the  control  group. In rats fed monomers,  lowered 
Q&cyllg:lyceroI:  'andl VLDC concentrations  were  observed  'but no effect  on  HDL  or  LDL 
chof'estero'li  ,concentrations  were  observed., 

Te,b,ilbt et ai:,,, ,fli99isjl conducted  a  similar  study in 3 groups of 6 male  Sprague-Dawley 
l r ; a &  .ove:r ai li2:-week  pe:riod'. A purified'  diet  was  provided to a control  group  whereas  the 
,&08 test, CJQW~~S were pair-fed'  either  monomeric or polymeric  grape  seed  PACS.  The 

00008Q 
68 



PAC 'concentration of the  diiets  su,pplying  either  monomers or ,polymers  was  set at 71 
,mg;l;kg; die$  and  was related to  the  'daily  amount of PACs  ingested  by  a  human  adult 
~con~su~min,g 108.58 t red wine.  The 1pur;pose of the study  was to examine the effects of 
daanli:nts on #cecaf fermentation and coJon:ic bacterial  enzymes.  The  results  indicated no 
si'gin,if'cant difference in d;ail'y  food  intake  d'ue to the  pair  feeding  technique.  However, 
co.n;tr;ol ,rats  and  those fed monomers  had  greater ,weight gain  than those rats  fed 
poliymers.,  'Cecali weights  d,id  'not  differ  between  the  experimental  groups,  whereas  cecal 
&I we'ig;ht alnd cecal,  pH'  was  decreased in those rats receiving  polymeric  tannins in 
th;eilr.  diet., ,In1 this  study, all of th,e  bacterial  enzyme  activities  tested  were  reduced  after 
adlminltstcation 'of polymeric tamins  in the  diet. The authors  suggested this could  be 
explahed by e:nhancernent of the  :nitrog,en in the colonic  'content,  leading to a  dilution of 
th:e,  'ean:zymatic activities,  Th,is  was  regarded  as  a  potentially  beneficial result as these 
sa!m,e 'enzymes are responsible for the  'hydrolysis of glycosides  and  glucuronides  and 
the :redit?tction: of; n'iitro-cornpousnds,  whlich can  'lead to the  generation of toxic  and 
carc,i.nog,enlic:  compounds. 

8:.2 2.2 A'ntiturnor  Activities 

Zhlao et a/. 119991 investigated  the  antitumor  promoting  effect of the  polyphenolic 
framcfi'on8 of g'raspe8 seedl extract and the  antioxidalnt  activity of several  of the individual 
poty,phenoi.s  8isola$ed!  from  the  extract  'in  a  two-stage  initiation-promotion  model.  The 
pofly:plie.nols  ;isolated1 from the g'rape  seed  'extract  were  flavan-3-01  derivatives  and 
i:nci:uded  ~bothl  'catechlinl  a'nd  epicatech'in. To promote  tumors, 1'2-O-tetradecanoylphorbol 
li3-a,cetatel  (TPA)  was used in 7,12-dirnethylbenz[a]anthracene (DMBA)-initiated 

SiE:NGAR mouse skin,. Three  g!rou:ps,  each  ,containing 20 mice,  were  treated  with 10 pg 
of' D."'BA inl  acetone 'on the dorsal'  shaved  skin  to  initiate  tumor  growth. Two of these 
'groups were  th,en  pretreated  with, 0.5 and 1.5 mg of grape  seed  polyphenols (GSP) in 
0:.3 s r n ' l  of acetone'appllied toco dorsal skin,  with  the  third  gr0u.p  receiving 0.1 ml  acetone  as 
a~ control. Two other  groups, one with  mice  receiving 0.1 ml, of acetone  alone,  and  one 
gro'ou!p: treated; with DMlmBA and GSP but  without  the  tumor  promoter,  also  served  as 

C Y ) . ~ ~ F O ~ ~ S ~ .  The TPA was then applied at a  dose of 2 pg in 0.1 ml of acetone to animals in 
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the first tti'ree g:roups.  Treatments  with  GSP  and/or  TPA  were  repeated twice a  week  for 
twenty weeks.,  Pretreatment  with  GSP  was  found to significa'ntly inhibit TPA  tumor 
pmmotion in the SEN;CAR  !mou'se  skin,  as  tumor  incidence,  tumor  multip'licity,  and  tumor 
vol:u;me  we,re all si,gnificantly  lower  thanl in the  'groups  treated  with DMBA and  TPA 
a'l:on:e,. At. ten weeks,  treatment  with 0.5 mg of GSP  and  1.5  mg of GSP  in'hibited 
i:n3cid:ence, by 65% and, 8'0% irespectively  whille  at  twenty  weeks,  35%  and 65% inhibition 

were observed:.. (lp<O.OO1l8, x* test). I;n addition,  tumor  volume  reduction of 61-83%  and 

5,0-87%# was' ako 'observed~ in the GSP treated  mice.  The  GSP  itself did not  promote 
tumor growth' and' topical appkcation of GSP  at  doses of 0.5 mg, or 1.5 mg did not result 

' i n  m y  incidmces of toxicity. 

In.ditid:uaii  .pol,y,phenois. from the g'rape seed,  extract  were  then  isolated.  Both  catechin 
and e,pi:catechin'  were  detefimined~ to occur at relatively  low  concentrations  along  with 
,m,ueh~ thiig;het- 'concentrations of several  other  procyanidins.  Exposure  to  tumor 
pmmoters. tsu~ch as TPA  results in oxidative  stress that can  attack DNA and  induce 
fo:mation, of 8iii:pid: peroxides.  S'ince  antioxidant  molecules  such as catechin can 
,pofen$iiallly red'uce this da:mage,  'researchers  compared  the  antioxidant  activities of some 
od the ,poly,phenols, isolated from'  the  grape  seed  extract.  Most  notably,  they  found  that 
cafech:in i:nhibited l:ipid  'peroxidation  by  TPA in a  dose-dependent  manner,  with  0.3 mM 
resuI#ingi in, 38% inihibition, 0'.:5' mM resulting Iin 61% inhibition.,  and 0.7 mM  inhibiting  lipid 
,pe8roxid;ationi  'by go,%. Treatment  with'  1 .O mM catechin  completely  inhibited  lipid 
pe'roxidation:.  Polyphenols  withi  a,  'greater  degree of polymerization demonstrated  even 
g:r;eait,er actikity 'in ;in'bibiting ~l,ipid~ peroxidation. In addition,  researchers  compared 
several1 f!C& far  the polyphenols  fou'nd in grape  seed extract and  other  known 
anfioxidanltsl. T'he IC50 of catechin was less  than that of vitamins C and E but  greater 
than1 the,  procyanid'ins foundi ini the 'extract.  Researchers  :note that dimers,  trimers,  and 
otha  ol:igorne,rs of catechin'  and  epicatechiin  were  found  among the GSP's  and 
s'peculate that these cornpound~s  ;ma,y  have  increased  antioxidant  activity  and  increased 
tU,JTIQr'inihibitiOni potential as'  cornpared: to' the  monomers  investigated in this study. 

// 
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Alsol E'ookimngl into  the  ab~ility of po18yphenols to inhibit tumorigenesis, Gab-Muhtasib et a/. 
1[~11998J, examined the effect  of  tannins', iincluding the condensed  tannins  catechin  and 
e'picaiechinl,, on, mouse  epi'desma'l  cells  'exposed to UVIB  radiation.  Exposure to radiation 
is, ~kn,own~ to' stimu:late  sustained~  hy;perplas'ia  and DNA synthesis, an activity  that  is 
bel:ievedl to be rellated  to  skin'  carcisnogenesis in humans  and is similarly  correlated  with 
thie tumor-pmmoting activity  of  chemical  ;promoters.  'Researchers  determined  the  rate 
or W A ,  synthesis'  using  pu'lse  'labeling  and  measuring the amount of 3H-thymidine 
!ih.corporated into the epid'ermal:  'DNA of hairless  mice  following  exposure  to  radiation 
a:ndi treatment with various  tan>nins.  iP,retreatment,  consisting of topical  applicatign  of  the 
catechin 8monomet prior to exposu.re to rad'iation,  inhibited DNA synthesis  by 27%. 
Treatment  with' a condensed  ta,nnin  sa,mple  contain'ing  d,imers,  trimers,  and  polymers 
:iln#hibifed! 'DNA, synghesis, 'by  a,pp'rox'iimately 87%. Treatment  with  the  tannins  was  only 
#effective8 whan  applied a1 short ti:me  'before  exposure to radiation.  The  ineffectiveness of 
treal;tm,e8ntsl  much1 before or after  exposure to radiation  suggests that tannins do not 
dmi,.rrecilly b:lbck, ;DNA synt,hesis  and:  instead  act on the  mechanism  by  which  UVB  radiation 
stirnuiiates: :DNA synthesi,s.  T,he  'exact  mechanism  is  'unknown. 

lI!n; two tumor rnod:els,  Azuilne  and  8Bhide [1'994] i'nvestigated  the  role of catechin in the 
chsmop.revention of cancer  !using  Syrian  golden  hamsters  and  Swiss  mice.  In  the  initial 
mousel  assay, one group of 20 females  received 0.41 ,mg/ml of catechin in their  daily 
dltinikkg water: for eight  weeks.  Others  grou,ps of 20 females  received  the  same  amount 
of C&ecRh,, in1 addition to consujming  a  d~iet  co,ntai,ning#  either 2% or 5% of twmeric, a 
'kn.o~n{ chemoprevenlive  agent.  Additional  groups of 20 females  each  were  established 
toi  mce:ive~ nol chemopreventive  treatment  or  on'ly  a  dliet  containing  either 2% or 5% 

tumeric. Two weeks  into  the  treatment,  ,all  groups 'of mice  began  receiving 1 mg 
benzo#am];pyrene (BP)',  a  ;known  carcinogen, in 0.3 ml~ of peanut oil by intragastric 
in:tu'mbati'o:r;lm twice  a  week  for  four  weeks.  'Four  additional  control  grou8ps  consisting of 20 
fe,maiIes  each'  were  esta,blished.  T'hese  groups  received  either  the 2% or 5% turmeric 
dliet,, ,catechin alone,  or  pea:nut  oi'l  allone.  The  administration of catechin. in the  drinking 
water conti~nu,ed:  for  two  weeks  after  treatment  with  the  carcinogen  had  been  completed. 
AI11 of th'e control mice  t'reated  with, 'BP  alone,  developed  tumors of the  forestomach. 
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Ti;eaBrn,e;nt  wilth, catechin  alone  reduced  the  incidence of tumor formation to 80%. In 
ad:d;iiion,,  caitech,i,n  appea'redi to work  synergistically  with  turmeric, as tumor  incidence 
was' :redu,ced to 35% sin mice receiving catechin  and  the 2% turmeric diet and  completely 
protected mice  again;st  tumor  indiuction  when used i'n  Combination  with the 5% turmeric 
dliet. Treatment  withl  catechin  'or  turmeric  d,iet did not.  result in tumor  induction  when BP 

wals !not ,adiministered.  Overall'  results for this  assay are presented below in Table 8.14. 

Ta4Blie 881.814 1n:hii:biti'on Of ~Benao'[A]Pyre,ne  '(BP)  Induced  Forestomach  Tumors  In 
M~ice 
: Average ' ;Number of % Inhibition of Average No. YO Inhibition 

~' Increase In Animals  with Tumor of Papillomas 'Papillomas 
j Weigibt (9) Tumor Incidence per Mouse per Mouse 

'BP +' 2%1 ~ 4.8kCJ.4 , '  20 0 4.0kO.3'  43 
tusmer$c8  d~iet ~ , 
' B P '  .1. '5%, 
tumeric diet ;; 
SF,+ cateehin :! 5.1k0.3 7' 65 2.7k0.7' 61 
+' 2% &wIrrnesic : 
d kt 

IBP' f m  catechin 6.050.4 0 100 o.oko.0 100 
+ 5;%l tumeric , i  
d'iet 
* 'PC OCOO:~~,  compared to BP alone 

/., 4.6'1-0.5 12* 40  1.3kO.2' NIA 

l I  

' I 1 . n  addI,ition,,  Swiss male mice  were  g'iven  a  single  intraperitoneal  injection of 2.5 mg of 
cate,ch:,in sin 0 : , 2  mt~ pea,nut oil to measure the effect of catechin on glutathione S- 

tr;ans&rase @ST) activity, al detoxifying  enzyme,  and  glutathione  (GSH)  substrate 
I:e,veI!s..  CaRechi'n  lhad anl  inductive  effect  on  the  levels of GST  activity  and  resulted in a 
hlig.h,e.r level 'of red!uced' wbstrate. Treatment  with 2.5 mg  catechin  per  animal  increased 
GSN content i~n th,e  forestomach by 8% and  the  liver  by 7%. In addition,  a 22% increase 
i~n G'ST a'ctivity was  seen:  in'  the'  forestomach  and  a 38% increase in activity  was 
o;bse8rved'  in the live,r. 



'lin: the, second1 tumor modlel assay,  grouips  of female  Syrian  golden  hamsters  were  given 
'0.11 mg/d of catechin  in; their drinking  water  alone or in combination  with  a 5% turmeric 
'diet., The' alnimals  were then treated  twice  a  month for six  months  with 2 mg/kg  of 
another ;kn,own carcinogen,, 'methyl-(acetoxymethy1)-nitrosamine (DMN-OAC),  which 
was; topicafl~y a,p,plied to the mucosa of the right  cheek  pouch of the animals.  Controls 
ireceii\redl 'either  D8M"N-OAC  'only 'or DM'N-OAC in conjunction  with  the 5% turmeric  diet. 
Treatmen4 with1  DM,NI-OAC alone  resulted  i'n 93% tumor  incidence in the  control  group, 
dMk the addlition; of catech.i,n to the d'rin,king  water  'reduced  tumor  incidence to 27%. 
Catechin in, combination with the  tu'rmeric  diet  further  'red,uced  tumor  incidence to 6%. 
i!n adidiition!, a1 208%' higher  average  body  weight  and  'a 60% delay in tumor  formation  was 
obselwed; inl goups treated  w'ith  catech,in  and  catechin  with  turmeric diet as  compared to 
co.ntrol~ g1~0ou:ps. Over ail1 results for  this  assa,y  are  presented  below in Table 8.1 5. 

;Datal ,iin th.ese  assays  describedl  catechin  and  turmeric to be  non-mutagenic  and  non- 
caircinogen,i'c. Fu!rthemore, the data  indicated  that an adjuvant  chemopreventive 
regiim,en  consi'sting, 'of catech.in1  alnd dietary tumeric admisnistered prior,  during,  and  after 



calrcinogen  administration  was'  more  effective  than the ,individual  agents in the  inhibition 
of' Wmo,r formation. 

Cladarn:i ef a/., [2,000]  exalmin,ed the effect of polyph'enolic  compounds on azoxymethane 
[AOMi) in,duced1  intestinal  carcinogenesis.  Male F344 rats  were  dosed  subcutaneously 

,once: per week  over 10 wee,ks with 7.4 mg/kg of AOM. They were then  allocated  into 
'fou:t: g'rou.ps. 'of 22  animals' eac'h a:nd  'received ,by dietary  admixture 50 mg/kg  body 
we,ig:ht~  red^ wine extract,  gree,n  tea  extract, or black tea  extract  over  a  period of 16 
weeks;., T'he red wine extract contained a phenolic  breakdown  sirnila'r to those  found in 
GISE, #and: G'SKE. HPLC analysis  determined  that  the 'red w8ine  extract  contained 4.4% 
m(Wh)i anthocyan,ins, 80.8% flavonols,  2.0%  phenolic  acids, 1.4% catechin, 1 .O% 
'elpicakechin, a;nd 28#.0%# PAC mits consisting of 18.0% epigallocatechin,  13.2% 
8catechlini, 6:5.0% e,picatechin, and 3'.'8%  epicatechin, ga1:late. In rats  treated  with  black 
tea and red'  wine  extract, there were  significantly  fewer  colorectal  tumors  than in 
cooltrol:~,. These'  datal  are  supp'lied  ,i,n  Ta'ble 8.16. 

Table '8.,516# iNium'ber of; T#urno,rs a'nd Their Location in  AOM-Induced  Rats  Treated 
w8it8h Differen,t  Poly,phenoll  !Extracts  ,[Caderni et a/., 20001 

Groupl (n) Tumors per Rat 
Colon-Rectum Ear Smalls 'Intestine 

Controll (22) 

0.27M.45 0.23k0.43 ~ 1, .63k1.6" Wine ;Extract (22) 

0.3k0.57 1 3.2+1#.9 0.25k0.44 Green]' Teal Extract (20)' 
0.36k0.49 08.27k0.55  1.54+1.4* Black Tea Extract, (22) 
0.27f0.45 0.18k0.39 2.54k1.6 

*' Si.g:niftcantly 'different (Pc0.05) from the control group ,by Poisson  regression. 

1 

lin addlition;,, sig,nifica:ntly  fewer  rats  'in  the  ,black  tea ( ' ~ ~ 0 . 0 5 )  and  red  wine  extract 
Q,p<o'.Ol,)' g;roozIJ~ps h'ad,  adenomas as compared to controls.  The  data  indicated  that  black 

teal a.ndI red wine!  extracts cou~ld ,protect  against  AOM,-induced  carcinogenesis  through  a 
r;rrech.a&mi possibly ,involving 'increased  apoptosis  in'  tumors. 



,B/agch!i: et al. ~2000$,, in'vestigated  the  safety  and  efficacy of Actvin (InterHeaIth 
Nu;traceut,icafs  I:ncorporated',  Benicia,  CA),  a  commercial'  water-ethanol  preparation of 
I:H16316 girape  seed!  PAC extract  (G'S'PE).  Safety  studies,  conducted in compliance  with 
the U:.,S,., :E:nvi,ronrnen;tal  'Protection  Agency  and  Toxic  Substances  Control  Act Health 
~Effects~ Te&  Gu:ide"es.,, 40 CFR  798,4500,  demonstrated  that  the LD50 of GSPE was 
g,rea&r than1 5000 mg%kg  when  ad'ministered,  oral~ly  via  g'astric  intubation to fasted  albino 
'rabs,. Th;e acute dermal toxicity was  found to be greater  than 2000 mg/kg in albino rats. 
TAis dosage  was ail.so considered to be  a  no-observed-effect level (NOEL) for systemic 
toxicity, thughi slight  erythema  and  d'esquamation of the skin was  observed  in all 
a!miimals:. GSPE was, found, to be moderately irritatisng when  applied at a  single  dose of 
80i.51 CJ 'to th,e8 sKi;n, 'of New Zealand white  rabbits. 

T~he s#a;me,  researchers also obse'rved' that GSPIE had an 84-98%  greater  free  radical 
scalvengilngi  ab,iI,iiy  fRSA)'  agailnst  su'peroxide anion  and  hydroxyl radical as  compared to 
vitamh8 ( E  at a! dose of 501 mg/l  and  an 'RSA 439-575% greater  than that of vitamin C at a 
close: of li00 mg/B against the same  free  lrad'icals in vitro. 'GSPE  was also able  to  protect 
,cu/lit.ulred! 'newoactive, PC-1 2 adrenal,  pheoch,romocytoma  cells  and'  macrophage  J774A. 1 

a,gjaii& oxid~aitive  d:amage 'indwed 'by H 2 0 2  at  doses of 50 and 100 mg/l  and to protect 
'h:u,man~ oral, 'keratinocyte. cells from ox'idative  stress  and  apoptosis  induced  by 
smolklef~ess4 tobacco at- a; dose of 100 ,mg/l. 

'In! aQ:d.itionl., G.SPE  was selectively  toxic  towards  cultured  human  cancer cells (MCF-7 
breast,,, CRL-'l739 gastiic adenocarcinoma,,  and A427 lung cancer  cells) at 
lconcen:trati,o,ns8 of 25 and' 50 mg/l wh,ile  enhanced  the  g,rowth  and dability of normal 

,cel;l's. Re-treahent of l~iver  cells  g'row'n in vitro with 25 pg/ml  GSPE  prior to exposure to 

:!d,a;mb:iciIn! '(30nM~) or 4hydroxyperoxycyclophosphamide (1 pg/ml), two 

'dh:e,r;nothera,peutic'  agents  thtat are normally  toxic to healthy  cells,  was  also  examined. 
T b r e  was' a, significant  decrease (>50%) in the number of cells  undergoing  apoptosis 
foI1owi:ng:  ,treakme:nt  w'ith  GSP'E.  An  'increased expression of apoptosis  related  gene bc/2 
'wa:s ako1 'obsetved: in' GSPE  treatedl  cells  through  Western  blot  analysis.  GSPE was 



allsol thoughi  to downregulate  the  on,cogene  'p53  i'n  these  cells. GSPE ameliorated  the 
toxi:c effects  'associated  with'  these  chemotherapeutic  agents in normal  healthy  cells. 

:Pretreatment of mice  with GSPE (25, 50, and 100 mglkg)  significantly  inhibited  the 

prodllu,ctio:n~8 of; 'reactive  oxygen,  species  by  mouse  peritoneal  'macrophages and  inhibited 
1iip:idl pe,roxi'dafion  and DNA frag,mentation imn mouse  brain  and liver tissues  induced  by 
?2-O-te~~r;ad~ca,-~oyIphor;bol-l3-acetate (TPA).  Chronic use of GSPE (250 ppm)  used  in 
combinatlion: wi&h chrorniuim  and^ zin,c  supplements  resulted in reduced  systolic  blood 
,pressu,re~ alnd,~ gl'ycosylatedl  lhemoglobin  and  decreased  lipid  'peroxidation and free  radical 
fo:rmati;on t'hat  no,rmall#y  ,increase wtt i  age. 

GSPE a:ko   ha dl short- a'nd l,ong,-term  protective  effects  against  acetaminophen  overdose 
.i:ndlucedi  fetha'lity,, l,iver  toxicity,  hepatic  DNA  damage, apo,ptoQic cell  death,  and  gene 
expression1 in mice,  as  well^ as  against  the  pathogenesis of post-ischemic  reperfusion 
h j u ~ ~  and ischemic  arrest iin' th,e  heart of rats. In in vivo studies, GSPE provided 
siig.nlificant protection  against  #both'  acute  and  'chronic  stress-induced  oxidative 
Igasfroiinfesti~nal  inj,ury in' rats by  scavenging  ,reactive  oxygen  species. 

lni addsition,, Bagchi et a/. [12001]' described GSP,E as  able to protect  against  multiple 
organi toxic'@  ind;uced  :by several d'rugs.  Aceta'minophen-induced  hepatotoxicity, 
,a~joda'r;o.ne-i~nd:uced pul~monary  toxicity,  doxorubicin-induced  pulmonary  toxicity, 
diin;r.efh~lnlitrosa~mine-,induced splenotoxicity,  cadmium  chloride-induced  nephrotoxicity, 
,a!mdi O.ethyl-S,,S-dipro,pyI~phosphorod~ithioate (,MOCAP)-induced  neurotoxicity  were  all 
,red;u,ced fo'loYl'owi;ng, pretreatme'nt  with' GSPE. 

822.3, Quercetin 

Qusrceti'n i s  a  flavonoid,  compou,,nd that is  'known to occur  naturally  in  a  wide  variety  of 
'plia:rsts,  and^ lis widel:y  diistributed in food,  incl,uding  'grapes. The estimated  average  daily 
*inkaIke 'of q,u:ercetin, by an'  individual^ in the  United  States  is 25 mg [NTP, 19921. The 
FDAA, nominated q,uerceth for; toxicity  and  carcinogenicity  studies in the rat based  on 

r 
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comem that querceth ad:miniistered  to  rats thmrough the diet at  levels of u'p to 4% caused 

m;inor bodly weight  effects  whereas  hig'h'er  doses  p,roduced  greater  than 10% reductions 
'in, body  weight  gains  ,relative to controls. 

A, se'ries of N'TP'  studiies  was  initiated  ~i,ncl~ud~ing  a  'battery of genetic  toxicology  assays. 
Querceth induiced,  rnutatio,ns  in, S. typhimurium strains TAlOO  and  TA98  with  and 
witahloout exog.en.ou!s S'9 ,meta;bolic  activation.  Positive  resu:lts  were  also  obtained  in tests 

with1  andl without S91 for th'e inductio,n 'of sister  chromatid  exchanges  and  chromosomal 
8abe.wat.io,nsj in Ch'inese  hamster  ovary  cells. 

An1 'NT'P' 2-year  ca,rcinogen,icity  stud'y  was  initiated  and  conducted  by  administering 0, 
T,O,OO, 1;0,000, or40,OOO ppm of'qu'erceti'n (>95% pure) in the feed to groups of 50 'male 
alnd: ,fe,ma'le  'rats for l:04 weeks.  Body  weights of exposed Itmale and  female  rats  given 
the 'low andl mid-ran,ge  doses  remained  within 5%' of control  throughout  the  course of 

the  study,., 1Red;tllced 'body  weight  'gaiin  in  high'  dose  male  and  female  rats  was  o'bserved 
by week, 115, and the final 'mean  body  weig'hts  were 87% of control  weights  at  week 104. 

S:u:wivalr  andl  feed;  con,su,mption  were  similar  among  exposed'  and  control  groups 
thmughouf the study.  The  ,average  amou'nt of quercetin  intake  per  day  at  week 52 was 
40:,,8400,  and^ 1,900 mg/kg of 'body  weight. 

Th,e ,p#rin,cipall  toxic  effects  associated  with  dietary  administration of quercetin  were 
obsawedl i h i  the Kidney of male  'rats.  There  were  dose-related  increases in the  severity 
of; ch~onic nephropathy  'and a s1ig:htly increased  incidence of focal  'hyperplasia of the 
re;en8ati tu,bu'le  epithelium.  H,istopathologica'l  evaluation of the  male rat kidney  revealed 
addiitiomall 'hyperpla'sia  a;nd  ad'eno'mas in all dose  groups.  The  overall  incidence of renal 
,tub,ulie adsno.ma  or  ademnocarcinoma  combined in male rats was 1/50 in controls  and 
19/50 in,, the high 'dose grou;p.  There  'was  no  effect  by  quercetin, on the kidneys of female 
fais' acrossl all dose  g'roulps.  Based  on  these  results,  the  conclusion of this  'study 
dilete,r;miined: that there was  so,me  'evidence of carcinogenic  activity  by  quercetin  in  male 
F3WN ,rats.. 



%;his8 is !relevant  ,insofar  as  cited' in Section 3.2 of this  document;  quercetin is a  minor 
cornpo.nent of both  the'  M:'egaNatu.raITM  Gold  GSE  and  'GSKE  products.  Results of ma 
chemical ana:lys.i's deterrnhed GSE to contain  0.1 mg@ of quercetin  plus  a'n  additional 
01.8 nag@ of; quercetin  glycos'idles.  'GSKE  was  determined  contain 1.5 mg/g of quercetin 
'plu!sa 91.,38  ;mg/gl of q,uercetin  glycosides.  Quercetin  glycosides  are  known to contain 
aip.prooxi,mafely 60%' qu,ercetin  by  weight,  therefo,re,  the total content of quercetin  in  the 
,MiegaNatwaP Gold GSE  and  GS,K8E  products 'is estimated to be approximately 0.6 
'mg;lg; and' 7.1 mg/g,  respectively. As this  relates to the  consumption of one  beverage 
sewing; 'of 8 ou:nces containhg 50 mg of GSKE, quercetin  intake  would  be 
~app;roKi~mateliy 80.355 mg. At the  90th  percentile for intake  of  2'00  mg  GSKE 
con.sumptioni,.  th,is:  would:  'result in a,  quercetin  'intake of 1.42  mg of quercet'in. If GSE is 
su:bs%tu&edi for G'SKE., qu.e.rceti;nl intake  would be approximately 1.0-fold  'lower.  These 
'a,moun$s' a r e  furthermore  equal to only  a  fraction of  the quercetin  content of an 
eqjuival.en$ a1mou:nt of grape  wine  and  comparable to the  quercetin  content  of, for 
exampl'e,. 01.2, - 2 fl'ulid ounces' of strolng  tea or 0.4 - 4 fluid  ounces. of tomato  juice.  They 
are also, 6338,000 - 68,000  times smalkr than  the  1,900  mg/kg  dose (40,000 ppm in 
,diet):  associated. with an i'ncrease in the  occurrence of tumors in the  kidney of male F344 
rats in, the 2-year :NTP dietary  bioassay  [NTP, 19921. 

iI:mpor;tanfly,  the, E'xpert  Panel  'noted'  that  the  increase in tu'mors  was  small,  confined  to 
mak rats' in the h,ighest  treatme'nt  group,  not  observed in the females,  and  not 
reproduced in;  a  second'  co,mpa,rable  and  contemporary  2-year  study  employing  an  even 
hlighes 5%' d,,ietary  treatment (50,8000 ,ppm)  [Ito, N et a/., 19891. Based  on  these 
considerations,,  the  Expert  Panel  concluded'  that  GSE  and  GSKE  are  not  carcinogenic 
when' consulmed in, food under the  proposed  conditions of use. 

8.,,2..3# Reproductive Toxicity 

Very l;ittfe  reproductive  toxi,cological  work  has  been  conducted  with  ,polyphenolic PAC 
'compomds. However, no basis' for concem  has  been  established.  These  compounds 
are a' naturaIly-occu,rring  pa,rt of the  everyday  diet and 'have  provided  researchers  no 



II;e:also,n to bel'ieve bhat th,ey  possess estrogensic activity.  'Furthermore,  a  90-day  rat  study 
detailed .in! 'section 82.1 , in'  wh~ich  the  reproductive  organs of both male and  female  rats 

rece'iving ,either 2..50~%~ G'SE or G'SKE in the  diet  usndewent  rigorous  histopathological 
eval!uaRih. No Gnd,in,gs were  'reported. 

9:.,0 C"NCAL SAFETY 

'Re,se,acchi  ;by  'M:alaveille et a/., [I9961 ind'icated  that  phenolic  compounds  inhibited the 
m,u$ag~en;icity of ,2-,aimin:o-l methyl-6-phenylimidazo[4,5-bj.pyridine (Ph'i'P). The  anti- 
m,utag,eenillc efiects of $5, lpolMphenolic  co,mpoundls, including  catechin,  were  evaluated by 
'ccrmgairi:ng!  l'evels of tobacco-related DNA adducts in exfoliated usrothelial  cells from 
1~0 smoking1  voluniteers with  the  a,nti-mutagenic  activity in correspondi'ng  24-hour  urine 

salm;pf,es. At, comentrations 'ranging  from  0.2 to 6pg per  assay,  the  highest  inhibitory 
effects, were obtahedi wiih ffavonols,  flavones,  flavanones,  and one  anthocyanidin.  An 
~i~nwe~rse  'r;el'afions~hip  was  found  between' PhlP mutag,enicity by urine  extracts in vitro and 
two ,D:NA ad'd'uct~  .measurerne,nts:  ;the  :level 'of tentatively  identified  N-(deoxyguanosine-8- 

y;l;)-4i-~;mino-bi,ptenyl. addsuct and  the' total level of all  tobacco  smoke  related  carcinogen 
add!w:cts:, induding, those  proba,bly  de8rived from PhlP. Although  results  regarding 
'caledhin, were 'i,nconclus,ilve  in  th'is  assay,  overa!ll  the  in'vestigators  suggest  that  study 
,resuls8 ind'icated that  smokers  ingesting  dietary  phenolic  compounds  such  as  those 
fouindi i :n  o,ni,ons, lettuce,  apples,  and' red wine,  may be partially  ,protected  against the 
ha;m#bEi effects of tobacco  carcinogens in' the  bladder  and other sites. 

'The  ~p'halr;macokog8icaI treatment of 'non-complicated  chron,ic  venous  insufficiency is a 
cwren8 ancf well-deba'fed  topic.,  The  introduction of 'new prod'ucts with action on the 
venoulsI system;,  'improved know1edg:e on the  physiopathology of  venous  insufficiency, 
andl tR,e  mpossibmili;ty provided by  new  analytical  instruments,  have  given new impetus to 

f:h,e sconsoli'd'ation, of the cliinical  value of phlebotonics in this  indication.  In light of this, 
'Costaniti,ni et a!.,,, [I9991 examined 24 patients  with  non-complicated  chronic  venous 
'i,n,st?rffi:cie,ncy treated  with' a dai1,y  orall: administration of 1'00  mg/day of oligomeric PACs 

~Pvc~o~en,ol's-O'PC). To' 'evaluate  the  therapeutic  efficacy of the treatment,  instrumental 



eialu'ation: by optical probe capill'aroscope  was  performed  in  addition to the  traditional 
su,bj,e,ctive' cli:nical pa'ralmeters:  swelling,  itching,  heaviness  and  pain.  The 
vidieocapifllaroscope  examination  was  ,performed  at  the  lower third of the leg and  the first 
foe,, ~Ed'erna in' the capillaroscopic field:,  the  'number of observable  capillaries,  and 
capitl~ary  dilation' were the'  'parameters  chosen to evaluate  the  efficacy of treatment. All 
,patientss8  'completed!  the  stud:y  with, no reports of adverse  events  during  the  period  of 
observation..  The  results  obtained  showed  a  positive  clinical  response of improved  or 
absent symptoms in over 80%' of patients,  with  significant  improvement of symptoms 
aflreadiy evident after: the first 10 days of treatment;  rapid  reduction  in  the  swelling of the 
'lower; I!i,mbs  was  'observed',.  Correlated  with  this  were  other  evaluable  symptoms: 
healvinass,  and  lifcb:ingl.  Particu:larly  striking  results  were  observed  for  itching  and  pain, 
whichl complete1:y d~isappea,red 'dllrri,ng the  course of thera,py in 80% and 53% of the 
patiants,  ,res:pectikel,y.  'Noteworthy is the  good  correlation  between  the  clinical  and 
,instrumental!  data,  with  improvement in a  total of 70% of patients.  The  results  obtained 
in! the  course of this  clinical  experien,ce  indicated  that  treatment  with  oligomeric 
,p.r~a:ndhocyan:idlins  was'  associated  with  improvement  during  the  first  weeks of treatment 
and the absence of adverse  events. 

' 7 k e  f!i#elraature p,rovides  so'me  examples of clinlical studies  that  attempt to establish  the 
phla!ma.colog~ica'1~ eficacy 'of g8rape  seed / gra'pe  skin  extract  and  PACs in humans. 
H'bweve8r, i~n' 1,ight of the' centuries of safe  use  and  numerous  supportive  animal  studies, 
very few din'ical'8 '&dies  have  ,been  conducted to assess  the  safety of a  given PAC 
lproduct  'as'' a specific  clinical,  endpoint. We have  therefo,re  *reviewed  those  clinical 
phtarn;ta,cotogical~  studlies available to us  as  evidence of safety.  The  results of our 
e8vatuatiom,,,  suimmarized  :i,n  Table 9.1, confirmed  the  'general  safety of PACs  for  clinical 
use:., 



Ta161'e '9..1: Sumimary 'Evaluation of Climnical Safety 

Ij + 

Dose 

250 mi of port 
wine 

5.7 r n l  1 'kg of 
,red' wine 

375 ml I day of 
red  wine,, 

white  wine, 
red  wine 

polyphenols 
(RWPS)' or 

RWPS 
dissolved,  ;in 
white  wine 

3001 mg, of 
procyanidin 
extract Mice 

daily 

Red,wine 

Red wine 

'Red' wine 

300 mt of red 
w,ine 

Length of Exposure Findings 

Single  dose wl a 
lblood draw 30 ' 

'minutes  for 2 hours after  consumption of port 

Increased  antioxidant 
activity in the  serum 

wine. 
I I Increased  antioxidant 

Single  dose wl a 240 
minute  follow  'up  time 

activity in human 
extraceilular  fluid 

. 'following  'red  wine 
consumDtion. I 

2 weeks 

Decreased  thiobarbituric 
acid-reactive . 

substances, lipid 
peroxides  and 

'conjugated  dienes and 
increased  plasma and 

LDL  polyphenols. 

5, days followed by a I 
2 week  washout 

period  followed by 
anot,her 5 day 

'Increased  serum 
antioxidant  activity 

i Reduced platelet 
response to  ADP  and 

collagen  but  not to 
thrombin. 

~ Increased  !HDL  levels 
and  decreased ADP 

induced  platelet 
aggregation 

Reduced  'thrombin- 
initiated platelet 

aggregation  and  LDL  in 
hypercholesterolemic. 

Consumed  over 30 A rise in serum 
minutes  blood  drawn  antioxidant  levels  after 

at 1 hr and 2 'hr  ingestion of  red  wine. 

15 days 

3 months 

Indication 
of Toxicity 

No 

No 

No 

No 

No 

No 

No 

No 
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Beverage  P,roducts 



Expert Panel Statement 

;DeteTmination of the G'RAS  Status of MeganaturaP Gold  Grape  Seed  Extract  (GSE) 
and,  MieganaturaliF Gold1 'Grape  Skin  Extract (GSKE) for U,se as an Antioxidant 

Ingredient  in  Beverage lP60ducts. 

The u.nd,ersigned,  an:  independent  panel of recog'nized  experts  (hereinafter  referred  to 
as; 1Expe~  panel), qua"ied1 by the,ir  scientific training  and  relevant  national  and 
"Wna$ional; experience to evahate the  safety of food' and food ingredients, was 
reqjulestedl 'by Po1ypheno'l:ics hcorporated, a  subsidiary  of  Ca,nandaigua  Wine  Company, 
to. de'temin;e the:  Ge:nera:lly  Recognized  as  Safe (G'RAS) s tatu of two natural  products 
fiorn~ g~rape;  'seedl and skin. These products,  which  shall be referred to  in this document 
a!sl c p p e  seedl extract (GSE), a,nd mgra,pe skin  extract  '(GSKE),  contain  primarily 
ol'igornerk  and polymeric  :proanthocyanidins  and 'other natural  phenokc  compounds. 
GS;E and! G:S'KE a.re intended  for  'infe'rchangeable  addition to fruit juice and  fruit  flavored 
beverages: at composite totali concentrations' up to' 21 0 ppm as antioxidants  to  retard 
deterioration.,  Their use' may  be  alone or i'n combination  with  other safe and  appropriate 
.an%ioxc.i,da8nf su bsta:nces,.  A  comprehensive  search  of  the  scientific literature for  safety 
al'ndi t~xi'citiy~ information  GSE, GSKE and  constituent  proanthocyanidins  and  related 
poly,phenois , , a  was18conducted8 through  August 2001 and made available to the Expert 
'Panel,. A, report 'based on this  comprehensive  literature  review  as  well  as  results  and 
ainal@es8 ohafety studies  on the two specific GSE and GSKE ingredients  aided  and 
Xacititaledi the work lof the :Expert  Panel.  The  Expert  P'anel  independently  evaluated  the 
ma;terial!  submitted,  as  well; as other  materials  deemed  appropriate or necessary. 
Foltbwingl hdependent, critical  eva'luation,  the  Expert  :Panel  conferred  and  unanimously 
#agreed: to th.e  ciecisions  d!escribed  herein, 

'PwbBsh.ed values ind;icate  estimated  d'ietary  intalke of flavanoids,  catechins  and 
8proa:nfhocyanidins'  by t h e  average  American  consumer is in the range of 460-1,000 
8mgJday 'I'nta;ke arises froml the common  occurrence of these  substances in fruits, 
jWes,, tea,,  chocolate,  vegetables,  and in man8y  other  foods  and  beverages.  The  intake 
o<.a.ddikionai~  polyphenolic  substances  arising  from' the combined  proposed  beverage 
~ulses 'of G.SE and' GS:KE was estimated using data  contained in the USDA CSFll (1994- 
11946, 19,981. Additional  'intake  was  calculated to ,be  approximately 70 mg/day  and 130 
'mg1lld:ay for th,e mean and 909 percent'ile-beverage mer, respectively.  The  highest  90th 
per;ce,nmtil'e intake among ,population  ag,e  sub-groups  was  ,projected to occur 'in teenage 
r;na:!es,,who may cOnsu,me 200  mg'  GSE/GSKE  dail'y.  The  'Expert  Panel  concluded  that 
su:ch. intake is within1 the population  variability in backg'round  consumption. 



Th,e 'co:m,position of MeganatuNralTM Gold GSE  a,nd GSKE is  comprised  of  approximately 
'90;%, 'gall;k acid  eq,u,:i'vaients  by  weight  of  flavan-3-01  based  monomeric,  oligomeric  and 
,potymerk8phenoIic cornpou'nds, 60-80% of which  are  oligomers  while  polymer  content is 
25%' or l'ess.  and;  monomer  content  approximately 10 - 15%. Regarding  individual 
com,po,neots, the 'Expert  Panel  fou,nd  the  composition  to  rep,resent  a  typical  spectrum of 
nadwa:f ,positional  and  structural  isomers  consistent  with that reported in the literature. 
T,ha ldivecsity of; poly,meric  forms  was  observed  to  be  somewhat  greater in material 
dle;rivedl, fromi gra:pe  seed^ thman that  from  g,rape  skin.  Review  of  minor  components 
ind;icated 'no' 'unexpected  'substances.  The  'presence of 0.1 - 1 % combined  quercetin 

d,e'mon:stmted:  compl'iance  with,  compositional,  specifications  as  well  as  compliance  with 
typicali food,  quality  standards  regarding  microbiolog,ic  activity,  heavy  metal  content  and 
pes%~icide  'resid:u,es  ,permitted  in,  grapes.  The  'Expert  Panel  concluded  that MeganaturaP 
Goildl G'S,€ and GSKE produ,cts  were  representative  of  naturally  occurring  grape 
phenolics8 ,andl that the prodwts conformed  to  applicable  standards  regarding 
:mi:crobio!ogic activity  and  resid:ue  limits. 

qu:ercetinl  glycosides were noted.  Results of analysis of multiple  'production  batches 

The, Expert Panal  examined  a  sig,nificant  body of information  regarding  the  antioxidant 
.adiiJily of phenolic  compounds',  pol'yphenols sin ,particular  and  those in GS'E  and GSKE 
speci%;i:calfly.,  Ample  ev,ide,nce,, includ~ing  mechanistic  investigations,  demonstrating  both 
,ex-vjvo ,and: in-vivo antioxidant  activity was  found.  Evidence  from in-vitro investigation 
'of Activvin,, a, similar  commercial  g,rape  seed  'proanthocyan,idin  extract  product 
~diernonsf~rated  antioxidant  activity of this  sulbstance  toward  superoxide  anion and 
ihydro'xyl; cadi,ca:l 'wh'ich  was  equa'l  to  or  exceeded  that  of  vitamins E and C at 
con,cen$r&ion;s  examinedl sin the  rang,e  of 50-100 mg/L  (ppm).  The  Expert  Panel  was  not 
!presented; with specific  data  regarding  the  antioxidant  activity  of  the  Meganatural" 
lpr;odu,cts when  added  to fruit juice and fruit flavored  beverages at concentrations  up  to 
2:%0 ~ppml., However, the Expert IPanel noted  that  these  same  su'bstances  occur  naturally 
aC con:cenNtrations up to several:  :hundred'  ppm  in  grape  wines and juice as  well  as in the 
fruit  'andl juice of a,pples,  cran,berries,  and  in  nu,rnerous  other  foods  wherein  their 
a;ndi,oMid,ant. activity is well'  recog,nized,.  The  Expert  Pa'nel,  considering  the  well 
8cRat;acter;ized  'mechanism of action'  and  diversity of evidence,  concluded  that 
'M;eg,anaEu,raP Gold1 GS.E and  G'SKE  exhibit  'antioxidant  activity  and  would  do so when 
a,ddedl  to1 fmit j,uice and h i t  flavored  beverage  at  a  concentration up to 210 ppm  as 
speciifiedi. 

The 'Expert  Panel  also con side red^ the  likelihood  for GSE and GSKE to exhibit  pro- 
oxidant activity und:es the cond'itions of intended  use.  The  Expert  Pa'nel  limited  its 
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considerafio:n to possibl'e  impllications  for  consumer  safety.  Evidence  was  assessed 
w.h!ichl  demon:strated  that  u,nder  certain  experimental in-vitro conditions,  polyp'henolic 
su;b.stances,  :presetat in' GSE  and:  G'SKE  can,  like  many  other  antioxidants,  exhibit  pro- 
o&ant  activity.  These  con:ditions  generally  require  the  presence  of  polyp'henols  in high 
con,centsationI  combined  wi'th, the presence  of  tra'nsition or other  metal  ions or certain 
co,mpouindsl such  as mbleomycinm capa~bie of sustained  oxidation-reduction  reaction 
cyding;.  The:  Expert 'Pawl concluded  that  such'  conditions  were  not  relevant to 
prospective conSu,merS 'of h i t  juice and  fruit  flavored  beverage  products  containing 21 0 
G;S4E andyoor: WKE. This  conclius'ion  was  based  in'  part on consideration  that the 
:pol;yphendic8 dme to a,  'hig'h-endl  t90" '%) consumer  from  the  proposed  uses  would  be 
OR, the'o,det: of only 200 ;mg/da'y  which,  due  to  their  limited  bioavaila,biiity,  wou,ld  not be 
expected~ to p.roduce  highly  elevated  ;poly,phenol  concentrations in body  fluids  and 
tissu,esl. I~mportan~tll,,  ad~miniistration to cl,inical  trial  subjects of 300 mg of procyanidin 
extract twice dzvily for 5, days  'indluced  increased  serum  antioxidant  activity with-no 
'reported pro-oxid'ant  effects.  SIirnilariy,  administering red wine  polyphenols  for 2 weeks 
're:esuilfed in1 d,ecreased. thiobahituric acid #reactive  su'bstances,  lipid  peroxides and 
conj;ugafed  dienes. 

With 'respect, to GSiE  and^ GSKE  safety, the Expert  Pane'l  carefully  assessed  'evidence 
reglardling  ipotenciial mutagenic  activity  associated  with  these  substances  and  their 
co,nsti,iuenk Evidence,  examined  included,  results'  from  several  published  studies as 
,wel:E.i as from a, GLP-compIiant  assay  cond:ucted  specifically  on  the  MeganaturalTM  Gold 
prodiuds1,  which,  measured  'induction: of micronuclei in polychromatic  erythrocytes  and in 
:barnel rnarrow~cells of C=r;l!:CDl~ mice.  The  known  presence of minor  amounts of 
qu:escetin  and: its glycosidbs,  substances  with  suspected:  mutagenic  and  carcinogenic 
a:ctivity, were #of particular  'interest to the  Expert  Panel.  'Resu'lts  available in the  literature 
we,m i:nconsisteni with1 ,respect to mutagenicity.  Isolation and, multiple  fractionation of 
w.ilne:  po1~yp'heno'l:s~  was reported to yield  al  subfraction  that  exhibited  mutagenic  activity in 
+he TA98: Sallrnonellal  strain when tested in the  presence of human fecal glycosidase 
withl 10:r w,ithout S9 microsomal fraction.  'Rutin  (3-rhamnoglucosyl  quercetin)  was 
:identifiedl as. the ;probable,  actike'  component.  Inl  'contrast,  several  investigations 
d!erno.nstr;ated: the antimutagenic,  anticlastogenic,  and  antipromotional  activity 
associated w,ih (+)' catechlin  alnd (-3 e,picatechin,  as  well  as  thei'r  oligomers  and  other 
1re:etia;ted ,p:he8no'lic  compou,nds~.,  It  was  :not  clear  that  activity of the GSE and GSKE 
coim,pllex pdlyphenolic8  mixtures  could  'be  adeq,uately  assessed on the basis of the 
possibf'e' activity of cer;ta,in'  constituents.  The  Expert  Panel  therefore  assigned  greatest 
,i~m,por;tance: to the' mouse  micro,nucleus  assays  conducted on the mixtures  themselves 
th.e  'resulits of which  demonstrated,  a  complete  lack of mutagenic  activity  when 
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reassuring: t,hlalt the  greatest  percentile  intake of GSE/GSKE  (200  mg/day, in 
alp,pr;olxiimateiy 1 :literof beverage) among male  teenagers (50 kg body  weight)  would 
res& in, only a 0.3~4 - 1.4 mg  (0.003 - 0.028 mglkg)  ,intake of quercetin  compared to the 
2'51 ;mgI estimated: by NTP (NTP TR 409, 1992)  a's the average  daily  intake of quercetin 
lby a:n~ hdiividuaf in thle United States,.  These  amou:nts  are also equal to 'only  a  fraction of 
th,e q~u:etcetin  conten't  of an equivalent  amount of grape  wine  and  comparable to the 
q:uercetin  'content of, for  exalmpl'e, 80.2 - 2 fl. 02. of strong  tea  or 0.4 "4 fl. 02. of tomato 
@ice:., They aire also  633,000 - '68,000  times  smaller  than the 1,900  mg/kg  dose  (40,000 
ppm~ iIn d:l'e't) associatedl  with an' increase in the  occurrence 'of tumors in the kidney of 
rnale!~F:Wf rats ,inma, modern ,2-year MTP dlietary  bioassay  (i'bid.).  Importantly, the Expert 
Pan'ebl lnoted; that the  increase in tumors  was  small8,  confined to male  rats in the  highest 
trealment grwp, 'not  observed in the females  and not reproduced in a  second 
compa:ra'E>lej  and1 contemporary  2-year  study  employing an even  h,igher  dietary  treatment 
(51%;~ 50:,000 ,pprn)  (Ito,N, et all.,,JPN. J. CANCER  RES.  80(4)  :317-325,  1989).  Based 
#o;l;li these' considerations', the Expert  Panel  concluded  that  GSE  and  GSKE  are  not 
8carckmgenic when consmed in, food under the  'proposed  conditions of 'use. 

The' 'ExpeFt Panel al'so  assessed  ,preclinical  evidence  regarding subchronic safety  as 
wefE as,  possible  adverse  affects 'on nutrition.  With  respect to nutrition, one published 
stwky  ,reported)  a  ipossibie  impairment  of  growth  and  increased  fecal  nitrogen  excretion 
'in pair-fed, ratsts given'  prote,in, deficient or  protei'n,-free  diets  in  combination  with  grape 
seed tannins incorporated  'in the diet at 2% by weig,ht.  This is believed  to  be  the  result 
of, th,e ;interaction of the'  tannins to form less  d:igestible  complexes  with  dietary  proteins 
ais: well as interaction  with,  lmucosa'I'  proteins,  stimulating  desquamation.  These  effects 
were  not seported~  when  'diieta'ry  tanlnin  'content  was  0.2%  or in studies  using  protein- 
a,diequa,te  diiets,., The Expert  'Pa:nel  concluded  that th'e proposed  GSE  and  GSKE  use 
Ieve'Es  a;re sufficiently  low  and:  d.ietary  ,protein  intake  sufficient  high  among  consumers  to 
assure an absen,ce of these  nutritional'  effects. 

With1 'respect to sub-chronic  safety, the Expert  Panel  assigned  primary  importance to the 
reSUilb of: ai GtP-compliant 3-month  study in which  rats  were  adininistered  the 
Meg,a8natu,~rcP Gold GSE and GSKE products  in  the  diet  at  concentrations up to  2.5% 
by weig,ht. This stud,y  lincluded,  measurement  of  growth,  serum  chemistry,  and 
hernatologiy  parameters,  as'  well  a's  comprehensive  histopathologic  examination of ' 

org;a;n:s, and tissues,, indud'ing those related  to  reproduction  and  endocrine  function.  The 
o,nfy mnarkable finding  arising from this  study  related to an  increase  in  occurrence of 
'ch:anges'linl the lkidney of male  rats' admhistered a, diet containing 2.5 % (w/w)  GSKE.  In 
fMs ,group,, a:  significant (p<08.05) increase in the  occurrence of a  common  renal  lesion 
comprisedi  predaminately 'of lymphocytic  interstitial  infiltrates was  reported in 1 1 of 20 
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aniimalsl  compared to occwe,nce in 4 of 20 control  animals.  The  severity in most  cases 
wa's rnilnirnall and  a,  simil'a8r  iincreased  frequency  was  :not  observed in female  rats of the 
samel  treatment  group or iin male or female  rats  ireceiving  dietary  GSE. This lesion is 
commonty seen in mate rats'with increasing  frequency  'and  severity  with  aging  and is 
consid,ered  a  component of the  entity of  chronic  nephropathy.  Similar  changes  routinely 
obsewed ini rats are considered  backg;round  'lesions.  The  Expert  Panel  examined 
lhlistopathology  findings for the indiixidual  animals  and  noted  an  absence of indications of 
a: si&$kant: exa,cerbation of lesion  severity.  An  acceleration in lesion  severity  would 
'have: :been  egpected' if administration of GS.KE  were acting to promote  this  chronic 
progressive s,pontalneously  occurring  cond'ition.  Wh,ile  the  'possibility of a renal effect by 
GISKE could not be#'enti'rely :mled~ out, particulady  during  the  initial  stage of the  study 
when dose :rates' were  hlighest,  the  Expert Panel  concluded  that  a  continuing  significant 
.aged #iss not supported, 'by these  findings.  The  Expert  'Panel  also  noted the species  and 
sex  specificity o f i i s  ,background  renal  syndrome  and its unlikely  relevance to human 
rena~l sa'fety. Based on' these  considerations,  the  Expert  Panel  concluded that the 
 reported^ $mal; changes d,o not constitute  an  adverse  effect,  are  not  relevant to humans, 
andl 'ma,yinI fact represent  normal  fluctuation in the rate of appearance of this 
~backgrou~nd :lesion.  The  Expert  Panel'  'further  concluded  that  the  study  results  provided 
n o  evidence of toxicity o r  ad~verse  effects  including  effects  on  endocrine  and 
reprodiu:ctihe endpoints'  and  supported  a  'No-Observed-Effect  Level  (NOEL) of 
app.roxi,rnately 2,1'50 mg/kgld:ay  for  ad:ministration  of GSE as  well  GSKE to female  rats 
whiile in 'male rats 1:,780 rng  GSELkg/day  'represented' a  NOEL  and  1,780 mg 
GSKERgflday  repcesented  a,  No-Observed-Adverse-Effect  Level  (NOAEL).  These 
vafuies, represent  the  tirne-weighed  'mean  dose  rates  occurring  ,in  the  high-treatment 
grouips8 over the cou:rse 'of the  study. 

GSE 8 1 ;  GSKE. -:Expert Panel Statement 
'October lI2, 2M)t: 



:Based; OR the'  critical'  'evaluation  'discussed  above,  the  Expert  Panel  has  determined that, 
~M:eg,air;tatu:calP 'Gotd~ GSE and GSKE,  meeting  the  specifications  cited, is Generally 
Recogn'iied, As Safe (GRAS) by scientific  procedures  when  used  ,in fruit juice and fruit 
fl!avoredi  ,beverages:  as an1 antioxidant  to  retardl  deterioration  provided it is used  in 
accordance  with  cu'rrent  Good  Manufacturing  Practice (21 CFRs182.1 (b)) in an amount 
'not to exceed:          ppm  (w/v) finished;  'beverage  product. 

"laite'r HI. Glinsmann, Mi.D. 
Adjulnct  professor, Georgetown1 'University 
iPn&d'eni, G.linsmannl,, lnc. 
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Based: on the cn'.tica18 eva~luation  discussed,  above,  the  'Expert  Panel  has  determined  that, 
MegainaturaP GoM GSiE and GSKE, meeting  the  specifications  cited, is Generally 
Recognized; As Safe  (GRAS)  by  scientific  ,procedures  when  used in fruit juice and fruit 
dPLvored1 'beverages  as  an  antioxidani to retard,  deterioration  provided  it is used in 
accordance with cumnt Good  :Manufacturing  Practice (21 CFRs182.1 (b)) in an  amount 
'not'tolm exceed 210 ppm  (w/v) in finished  beverage  product. 

W. Gary Fllarnmi, Ph,.D'.,,  FACT 
Pres;ident, F!am Associates 

Walfer Hi. Glinsrnann:,, 
FeEfow, mCe,nter; for  food^ Safety and Nutrition,  Vkginia  Tech 
$:resiild'ent, Glinsrnann,, 'I'nc. 

Dona:ld! Hi. Hughes,  Ph.,D, 
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