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121f.90.03
1211. s0.99

1302.11.01
4s 1>02.11.03

1302.11.99 “

1302.14.99

1302.19.09

1302.19.99

2202.00.01

2811.20.01

2836.91.01

2644.40.01

2344.40.02

2844.40.99
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2800.00.99

290 S.1~.01

2910.90.99 .

2913.00.01
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2921.49.02
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2920.00.00
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2037.29.05
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2937.01.02
2937.92.01
2937.92.02
2937.02.03
2937.92.04
2937.92.05
2937,S2.04
2~37.02.07
2937.92.06
2937.92.09
2937.02.10
2937.92.11
2937.S2.12
2S37.92,13
2937.02,14

.2937.92.15
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2937.9220
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2937.99.3S
2937.99.34
2937.99.3s
2937.99.X
2037.00.36
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CXrela LayGeneralda Saludesfahkrxel COIW63rd10flo de b$ D?trdudosy niahrrias primes de inPoti45~ y d.

r?xp@ac16n por p,?fio de ta SecxorarID & Satud;

@e el “Prog@@ ‘National de Salud 1990-19@I pirntuah corks uno de sus o .etiios b~$iws el de Warjywar en IOS

2
pro”c.sos da deamneentrati4n y desantioltxad6n, pa ‘& quo la Seuefaria de alud descnncentti funcjones na- b
tramitaci6n v axuti&ii A I=. .,tkr~e~.--. .--=. J_ ..-, .. . . , -
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“.~~$ W- ytdWOSQUO St utffizmrQfl

Su““elAmd6n. ridii~” ]cuerdos 104. 111, 116 y de tirdirdh an gobiernosde b$ Wdadea federattvaa
oubficadosen ●l Dta& Aclal do La federacl&& y en w case, tas ●tidaws faderWvas qua faqI& M ~ f~um ~
krdafio,de SSW : “I .- : .m - —..

Oue para daf cumplimieinto a b esfabladdven b Liy de @M@OEtiWWY an d h da coadyuvara aus M
imptemwuata mgu!ao16n pm pone & h 3ecIelwh os SWrd, t~ Comrstonde. @fwfcb Gterfor c0(!$tier6 ~uje~r ●

~@SC16fl la imporlaeibn y axportad6n tO~OtSl y deriia de ~OdUChS y matenas PfhSS relativasa #fimentos, ~b~~
alcohblicasy no alcoh61iGs,tabacq da parfumerfa,@lfeza y ●see, ●s[ wno de insumospara la SSIU~”

Que an el objetodo mshtener un marco mgulatoriodate Y tran$POfenteWe fi~ita la a9iriad6n do ks opersAnes
del cemerao exterior. ee ●stabb~ b dasifiid6n y ecuM’lMci6nd. bs ProdWtos Y rnatetis Prlrrmsa que S* refkre d
Considerando●nterior.Cornpendidasen W fracdonea SWrCeMa$ de las Taflas de b Lay del %rueqo General da
lmportaci6ny de la de ExportacM, hemos tenidoa bien ●xpedir el sIguiente

. .. . ACUERDOWE ESTAStLECELA CLASIFICACIOn Y ctiolF lCACtONDE
:. MERCANCIASCUYAWORTACION O EXPORTATIONESTASUJETA&
~ REGULATIONSANt7ARtAPOR PAME DE M SECRETARtADE SALUD

ARTICGLO PRIMERO.. Se e$;ablem la dasifiid6n y mdkacih de W mercanclas wya knpofla~~ temporal y
definitive●std sujeta a mrlorizac%nsarkarls pre+ii de imporlad6n por pane de la Seuetaria de Saw comprendldasen Ias
fraccionesarancelariasde ta Tarifa de la Lay del Impueato GOnemide lmWt-Ci6n que a continrJacir5nse Mean, Incruyendo
la knportaa6n que dediias mercanclas ie realii a ta rtg.ti fronterizay frafij= ffOrIlerUa5del paiK

1.. La Direw.6rI General de Control$anitariode 6ienas y ,SeIvMos, asi e0n16IDS$eMCiOSCoordinad-’de Salud Pbbl’ii
en tos estados ●que‘se feken tos●arrrrdosnheros 104,111,116y deCoofdinaci6ncombe gobiemoa de tas &Miiadgs

federattvas suscrkosoar el .Secretariode $alud. en sue respauIvos hbltos de rmmoetenaa. expedidn Ias autorkea.ones
sarli7ariasmevias de irrrcrortad6nde las aiguisntecfraooieneswsn&lariax

030i.9t.ol:
03tM.92.01
0301.93.01
0301.99.99
0302411.01
0302.12.01
0302.f9.99
0302.21.01
0302.22.01:
0302.23.01”
0302.29.99
0302:31.01.
0302.32.01
0302.33.01
0302.39.99
0302.40.01
030230.QI
0302.61.01
0302.62.01
0302.s3.01:
0302.64,01 .
0302.65.01
0302,66:01-:
0302,69.01
0302.69.99.
OW.70,01
0303.10.01
0303,21.01
0303.22.01.
0303.29.99
0303.31 .01,.
0303.3201:
0303.33,01.
0303,39,99
0303,41.01
0303.42.01 ‘
0303,43.01
0303.49,01
0303.50.01
0303.60.of
0303.71.01
0303.72.01
0303.73,01
0303.74.01

0303.75.01 , 0307.s1.01
0303.76.01. 03U7S9.9S
0303.77.01 ‘0307.60,01
0303.78,01”. 0307,91,01
0303.79.96
0303.00.01-:
0304.10.01
0304.20.01

.0304.90.99. 0305.fo.ol ‘“
0305.20.01
0305.30.01:,
0305s1.01 .
0305.42-0+Q
0305.49.01 -
.030s.49.99
030s.s1.01.
030S,61.99 .
0305.s9.01..:
0305.69-66’.“
0305.G1.01
0305,62.01:
030s.63.01
0305,69.9S
0306.11.01
030Gi2,01
,0306.13.01
0306.14.01
0306.19.99
030s.21.01 .
0306.22.01.
0306.23.01
03M.24.01
0306.29.96
0307,10.01
0307,21.09
0s07.29.99
0307.31M
0307.30.99
0307.4f .01
0307.41.99
0307.49.01
0307.49.01
0307.49.ee

0307.99,99
Wol.lo,ol
0401.10.99
0401,20.01
Wol .20.99
0401,30.01
0401,30.99
0402.10.01
0402.10.99
0402.21,01
0402.21.99
0402.29.69
0402.91.01
M02.91.99
04W9B.01
0402.99.99
wo3.lo.rM
0403.90.01
0403.90.99
O$OL1O.O1
040490.99
0405,00.U1
040s.00,02
0405.00.03
040s.00.99
040s.10.01
0406.20.01
0436.30,01
0406,30.96
0406.40.01
040S.YO.01
0406.90.02
W)6.90.03
tMos,90.04
W36.60,05
0406.60.W3
0405.90.99
1211.20.01
12\2.20.ol
1302.12.99

1302.20,99
1302.32.Q$
1504.10.01 -
1504.20.01
1507.90,99
1509.10.01
15W1O.99
1509.90.01
1509.90.02.
1509,90.99
1512,29.99
1516.20.01
1517.10.01
1s17.90.01
f 517.90.02
t517,90.96
i702.lo.02
1901.90.02

2007.10.01
2007.91.01 .-.
2007.W.01

..

2007,99,02

2007.99s03
200?.99.99
2106.10.01
2106.10.02
2106.90.01
3501,10.01

3501.90.02
3501.90.99
3502.10.01
3504.00.W
3s07,s0.01

3S07.90.02

3507.90.03
35437.90.04
3507.90.05
337.90.07

3507.90.11
3507.90.99
6309,00.01

9503.90.05
. ..*”-.
. . . . . . . . .
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%nrfder international Japan

~L.0,,441,w f-13-lz, HU’mht Gotanda , sh~na~aw-ku, Tdcw 141 JAPAN

Qool/oo3

FAX.03-M73.& Tel: 01181-3-3441-4300
Fux: 013.81-3-3473- 5011

FAX COVIR MEMORANDUM

Date: March 29 , 1995

Ref. No. :95-0059

TO: Holly Vanderdonck - Legal Department

From: C. Tsuchihashi - Marketing Coordinator / Sunrider Japan

RE: Sunectdr
- - -- --- - - - - ~-- . . . - - . . . . . . - . .- -- - - - --- - - _--- .

Total No. of pages (including this page) 3
------ ---- -..”

Dear Ms. Van&rfionck:

fax of MAR/27 regarding Sunectar, p~ease

Notification with a completion stamp from
In response to your
find attached, Import

~ Quarantine station. The tnglish translation- of the format is
also attached for your reference. Please note that in the
Import Notification, Sunectar is classified as an additive
(sweetener) .

If you have further ~nqu~r~e~, please do not hesitate to ask us.

Best regards,

C. Tsuchihashi - Marketing Coordinator / Sunrtder Japan

CC: R. Wennerhnlt, - General Manager / Sunrider Japan



‘9S 03/29 -11:10 430?,.-”?3 5011. SUNRIDERJAPAN +~:&e8al Depart~ent @O02./OO3

I
... —I

1~-”” ‘“’”.-’--’”’’”-”“-”--

Xmw+

NIL

(**)

SUNWTAR

n-n 4 Inwl $ W3tiwr J

w S COMMERCIAL
J

LOS AFJCELES——..—
~% 6* 6-R 4H

hkulzi%

MARK3:AS. ADDR

AWB N (3 : 0115!!74wo03

KE 0786

- B. TACT H/W

~~TbJllfi&#i25 26

wik6fg6Jq 7Q I

!
SUNRIDERINIERNAIIONAL,

U.S.A3111LOMITABOULEVARD:

TORRANCE,CALIFORNIA ;
!

U.S.A. t

i

!

at*) I



’95 03/29 L1:1O S03 ~’-~ Soil SUIURIDU JAP.0 --..=&Inl Department ~W3?uuil

. .
.,

.

lmpmtNMicxWrM Form

Mh.ky of HealdI and Welfare, Esq.

,
(6) I 1

t(8)WMtol carao I Q I...- 1
(9)Gxku[iutponer I

.

I
(lo)Plwh.wlWWlryof

fnanufacturirq ceunrfy

- We uf Miirwlacturer

(11)Codeofporl lorckranco
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DEPARTIYdEN KESEIIATANR1.
DIREKTORATJIZNDERALIVZNGAWASANOIIATDAN MAKANAN

J1.Percetakirn Neg:lra 23, Tronlol Pos143.Jakfifia 1056rJ,Tclp. 411781,415267

PERSETUJUANPENDAFrARAN

. . .

Ses(lai deligan Permcnkes No. 382/MENKES/1’ER/Vl/1989 ~cIltangf’~l~dartarJnMakanan dan SK Dirjen

IWM (cntong Pctuujuk Pclaksanaunnya, dcnga!l ini kami nmllll>erikall Perse(ujuan penr-laftaran makanan di

[litW~l\ini :

1.

2.

3.

4a.

l).

53.

b.

(is.

b.

Nama maknna!l

NiImiI dagang

Jcnis kemasan

Nama pabrik/perusal~aan

Alamat

Nama perusahaan pcmbcri

Iiscnsilpcrusahmh ma!

Alamat

Nama importir/pcrwakilan

pabrik Iuar negeri

Alanlat

. . dengan nomor pendaftaran

---- ---- ---- ----- ---- ---

DEPKESR1. NJ..“6270403002’)
------ ----- ----- ----- -----

clan dengan label seperti terlampir.

Nomor pendaflaran ini berlaku trntuk seterusnya dan dapat
yang Ixrlaku.

dicabut/rJibatalkan sesuai dengan kctenttlan

Jakarta 5 Jiopcmix~r 1991. . . . . . . . . . . . . . . . . . . . . . . .
a.n. DirekturJenderalPengawasan

obat clanMakanan
KepalaDirek to rat Pengawasan

k
,.,.-. Malanan dan Minuman .

~“tv .1[I .>.

w

~<qi ; - ‘“; . r+\\
;/~ :“;,7 v, 9

//’ ~

“a %
v!” ;~ !:

ii ;:.” .r:, .:. ,

“Y’>. ‘f , Wcs$: Ai 1![: ::ll:fYAlllt .
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Ju]y 27, 1995

Ms. Ruth Bandler
Office of Special Nutritional
U.S. Food & Drug Administration (HFS456)
FB8, Room 2804
200 c street, S.w.
Washington, D.C. 20204

Re: Stevia rebaudiana bertoni
Use as a Dietary Supplement Ingredient

Dear Ms. Bandler:

Pursuant to the request of your office, enclosed herewith is a full and complete copy of
the Food Ingredient Safety Review, Stevia rebaudiana Zeavczs, prepared for the Herb Research
Foundation by A. Douglas Kinghorn, Ph.D. Please note that this safety review was attached in
part as Exhibit “H” to Sunrider International’s July 7, 1995 letter for consideration of Stevia as
a grandfathered old dietary ingredient, or in the alternative, a 75 day notification of The Sunrider
Corporation dba Sunrider International’s intent to market Stevia.

Should you have any questions or further comments, please do not hesitate to contact me.

Thank you for your assistance in this matter.

Very truly yours,
SUNRIDER INTERNATIONAL

Holly A; Vanderdonck
Associate Ccmnsel

HAv:kdm
Enclosure

cc: Patrick Noonan, Esq. (w/encl.)

B:\l113w~TIERw. 1
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Food Ingredient Safety Review

Stevia rebaudiana leaves

“Prepared for Herb Research Foundatiori”

by

A. X)ouglns Kinghorn, Ph.1).
Pro fewer of Pharmacology

College of Pharmacy .
University of Illinoi9at Chicago

Chicago, XL60612

March 16,1992
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SUMMARY AND CONCLUSIONS

.

1. Srevia rebmdiana, a plant native to P~atwY ~d BM~ * * sow of the hiiy

SWeet diterpenc glycoside, stevioside, m addition to other avvcetsub~m~%

such as rebaudioside A E~~s ~ S’ re~~~~ =flor Sevioside, are

currently approved aS~eti~ agen~ or food ad~= m ~ap% Ilr@ and

South Korea. J30duots from @ p~t am u~ as h=bal preparations in

Paraguay and the People’sRqmblic of China, ~d have *O been available fir

sale m the United States for several years.

2. Among certain indigenous peoples of p~awy, ste~a re~dana has been employed

to mveeten bitter-tastig bevemges d toba= for =turieq and b b=

consumed there as m x~rnt of m~~ hd~ = fir owr 410years
●.

3. since tie MVOS,$tevia mhdi~ e~~ ~d pd~ ~=ikde have been utilized

in Japan for sweetening food- ~d b~~geq and m 1988 sach products

comaituted the largest eompon~t of tie ~gh-”mt~ mveeteuer market in

that country, with 41% of tie total Hket he. There are now over 70 S.

rebaudiana-containingproducts on the Japanese marka

4. In the late 1980s, Stevia reb~dl~ *firs*- ti SX*MC (devoid of certain

hydrol@c products) were approved in Brazil fir the flavoringand sweetefig

of various classes of food%m addition to soft driuks

5. Stevioside, he major mxt ditcrpene glycoside eonstitueat of Stevia rebaudiana

leaves, has several desirableproperties not associated with most “~~-~temi~if

sucrose substitutes, k that it k *ble to acids md h- and ncmferrnmtive. It

does not tend to discolorwhcu heated, and has aweptable hedonic properties.

Stevia rcbuudiana Safety Retiew, page2
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reactions reported m the ~fical or ~i~~c ~e~~e u a Wnqmme. sik

no negative chid repo~ have appem~ as a re* of tie ~nm.mption of

Stevia ~eb~di~ produ~ m ~Y of tie co~~”es *~e tioy =e availdde, it

may be concluded tit, On thc basis of ~ese ob*watiW these materials

present vimaIly no ~oxioityrisk to humms.

7. It is estimated that there have been we~ ovu 500 seitic articles on Stevia

rebaudiana and its sweet dkpeno glycosido constitue~ts. These articlc5

comprise reviews, research paper% ~d pat=ted prooedmes. bchuled arc

wports on the” chemioal mlysk, *h% phytoehemistry, purification

methods, safkty assessmE@ ad S~SOry d~ent procedures for S.
%

rebaudianaand its sweet principles.

8. Crnde and purified Stev~arebmdim e~lra~s hve bcm tested for acute aud subacute

toxicity in rodents, and maybe Mtidered safe for human cmsurnption on the

basis of this WO&

9. In a chronic toxicity study cmried out ti Japw *ereii male and female rats were fti

Stevfa rebaudianaematis for Upto NO Years,qp,.signi6cant dose-dependent

c!hanges were feud in rohtiou to test animal appearance, g~

hernatologica.1or blood biochemicalvalues, and the weights and macroscopic

and microscopic characteristics of excised organs. Neopkmns that were

obsewed were not attributable to tho admkistration of S. rebaudiana cxtraets

l%k study agah mggests that these Weetencr materials are safe for hwm

conwrnptioq and, in additiow in~cates a lack of carcinogenic potential by the

constituents of S. rebaudianaleaves.

$evia rcbaudiana Safety Rticw, page 3
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10. Although it has been claimed m a single brief experimental paper

extract of Sfevta rebaudianaproduced antifmtil@ effects in

that an aqueous

male and fcm~e

rats, such obsemations ~ve not be= ~- in mbsequeut rndre

comprehensive investigations for either maIe or fde laboratory ~~,

here is also no evidence tiat s. reb~ima e-as or their constituents

produce teratogenic ~toms m rodent

11. Several mutagenicity tests petiotmed m a number of laboratories on Stevja rebaudjana

extracts and constituents have all fiorded negative data. However,

metabolically activatal Qetiol, tie ag~ycone of tie S. rebuwfkvm sweet

12. There

constituents, has be= show by tiec ~ffermt laboratories to be mutagenic in a

fomwrd mutation assay. Untreated steviol was not mutagenic in this manner,

and the cherdd nature of tie a*e steviol mtabolite(s) is not yet clear.

However, these ~ageni~ rO~S might well be considered in tandem with

the lack of carcinogenic effis noted as a result of the rodent chrordc toxicity

study on S, rebaudkmaexmm mentioned in para~aph 9 above.

have been limited In VIVOandin vilro data published on the metabolism of the

sweet principles of Steviarehudiana, althoughpure stevioside is converted to

steviol and other substances in tie rat. NO metabolic products of the S.

rebazdanu sweet cmstituents have yet been detemined for humans.

13. Several meeting abstract reports horn South Amerk+ few of which have becu backed

up by full peer-reviewed papers, have provided some evidence that extracts of

Steviu rebaudkrna and steviosidc have various types of biological acti@,

including hypotensive and h~oglycemic effbcts. In additioq pure steviosidc

and several analogs have been foundto have physiological effects in cclhh and

Slevia rebuuriiano Stiety Review,page4
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sub-oellular rnetabolku ‘RMaiI#WUVX of thse studies on tie use of S,

rebaudkma products as sucrose substitutes is not apparent at present.

14. A compound of uncertahi ~~e ltnd souw, ‘fiydroisostevio\n, has been report~d

to have weak mti-mhogtic @v@ m a tick-~mb Msay. However, this

substamx is not hLOWI tO owu IUIWEWt ad JIM not bmn idmified as a

chemical degradative produ~ of my $e~~~ reba~~m-deriwd constituent.

CONCLUS1ON:

It may be concluded that the vast majo~ of tie =ieutific tiety evaluation srudies

which have been performed to date endoru tie use of ~tev~areb~hm leaf and stevioside as

sucrose substitutes. ‘IMS is substantiated by we cfi-e use h Japan of these products

without a single adverse report to kc.

Sttwia rcbaudicmu SafcvWwiew,page5
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I. COMMON USE

A. Paraguay

4

Stevia rebaudiuna (Bertoni) Bertoni, a plant native to northeastern

Paraguay and southwestern Brazil, was described in separate reports by Gosling

(1901)1 and Bertoni (1905)2 as being useful for the sweetening of bitter-tasting

stimulant beverages. According to Gosling (1901), “a few leaves of this sweet herb

are sufficient to sweeten a strong cup of coffee or te~ giving it also a pleasant

aromatic flavour”. It is indicated in several subsequent review articles or reports

3,45,6,7that c~shed leaves of this plant have been used by the Guarani Indians h

Paraguay to sweeten the mat6 beverage since before their colonization by the

Spaniards in the 16th century. Paraguayan Indians have also used S. rebaudiana

leaves to sweeten alcoholic beverages and to improve the flavor of tobacco.T

More recently, however, the practice of using S. rebaudiuna leaves to sweeten

mat6 and other beverages in Paraguay appears to occur only sporadically.g

For at least the last 45 years, S. rebaudiarzahas been prescribed by some

Paraguayan physicians for the treatment of diabetes.g One such product (El

Dulce Te del Paraguay~, LE. de Gasperi, Asunci6n, Paraguay) consists of the

leaves, flowers, and fine branchlets of milled S. rebaudiana. An initial daily dose

of up to 5 g, prepared in the form of a tea, is recommended for patients with high

blood sugar levels, with a maintenance dose of 1 g/day suggested for stabilized

patients. Teas of the product are prepared by boiling the stipulated amount of S.

rebaudiana powder in water, with the resultant decoction consumed either hot or

cold. The tea so produced can be mixed with juices of lemon, orange, or pomelo,

or can be consumed with mat& Based on an expected yield of 5-10% w/w of

stevioside in the leaves of S. rebaudianad, the 5 g starting dose of the tea would

Stevia rebaudiana SafetyReview,page 6
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contain 0.2.5-0.5 g of stmcioside, and the 1 g maintenance dose would represent

0.05-0.1 g of this substance. Another manner in which this product may be

consumed is to produce a concentrate or “honey” by boiling 50 g of plant material

with 1 liter of water until the consistency of a syrup is produced. The appropriate

dose is then added dropwise to beverages such as coffee and fruit juice. While

there is little basis for the efficacy for the medicinal use of S. rebaudiuna teas in

this manner (see Section 11.G.3 of this report), it is significant that this prescription

product is claimed to have a wide margin of safety.g In a recent repo~ it was

pointed out that indigenous peoples in Paraguay have had the custom of

preparing small capsules containing S, rebazufiuna leaves to relieve physical and

emotional fatigue.T

According to Jacobss, there is no evidence that people in Paraguay have

ever experienced any harmful effects as a result of ingesting S. rebaudiana

products. Furthermore, there have been no reports in the medical literature

indicating any adverse effects as a result of prescribing S. rebaudiwza teas in

Paraguay.

B. Japan

1. Overall History

The introduction of Stevia rebaudiuna as a sweetening material in

Japan is attributed to Tetsuya Sumida, who observed the intensely sweet

taste of this plant when he was sent by the Japanese government to the

Northern Agricultural Institute in Brazil during the period 1969-1971.

Sumida sent seeds of the plant from Brazil to Japan, and was then

responsible for conducting cultivation experiments on the plant in various

parts of Japan, including the Tokyo district and the northern island of

Stevia rebaudiana SafelyReview,page 7
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Hokkaido.10 It has been reported that the plant was also imported horn

Paraguay in 1970 to the Cultivation Station of the National Institute of

N Health at Kasukabe in Japan.11 By 1979, Japanese commercialization ~f S.

rebaudiana had been very rapid, which is attributable to several facts.

Firs~ by that time, sucrose consumption was being curtailed for health

reasons conwmed with obesity, diabetes, and dental caries. Secon@

certain artificial sweeteners had been banned or severely restricted in

Japan in the 1960s. Third, by the 1970s there was a perception among the

Japanese public (which still persists) that synthetic chemicals are inherently

more harmful than natural substances.11 Research in Japan has led to

cultivated varieties of S. rebaudiuna that yield 3-5% more sweet diterpene

glycosides than produced by wild Paraguayan specimens of the plant. The

most favorable non-indigenous growing areas are warm regions in Kyushu

island in Japan, as well as in other subtropical countries in eastern Asi~

including Taiwan, Malaysia, and South Korea.s By 1988, S. rebaudiana

products had become the most important potently sweet substances

utilized in Japan, in possessing an estimated 41$% of the market share

worth about 3 billion yen, of a total value of 7.2 billion yen.lz Research and

development on S. rebaudiana sweetening products in Japan has been

fostered by a group of companies that constitute the Stevia Association

(“Stevia Konwakai”). In 1985, membership of this organization consisted of

the following Dainippon Ink Kagaku Kogyo Co., Ltd., Tokyo; Fuji Kagaku

Co., Ltd., Toyko; Ikeda Toka Kogyo Co. Ltd., Hiroshima; Maruzen Kasai

Co., Ltd., Tokyo; Morita Kagaku Kogyo Co., Ltd., Osaka; Nikken Kagaku

Co, Ltd., ToQo; Sanyo Kokusaku Pulp CkI., Ltd., Tokyo; Sekisui Kagaku

Kogyo Co., Ltd., Osaka; Tama Seikagaku, Co.,

Seikagaku, Co., Ltd., Tokyo; Tokiwa Shokubutsu

L%evia rebautfiana SafetyReview,page8
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Co., Ltd., Chib~ Yoto Foods CO., Ltd., Tokyo.t According to a recent

Paraguayan repo~ in Japan there are now 14 companies dedicated to the

processing of S. rebaudiuna, with 40 companies involved in the elaboration
t

of some 70 S. rebaudiuna containing products, inclusive of canned goods,

foodstuffs, pickles, sauces, and sweeteners used in the production of bakery

goods, ice cream and soft drinks.T

2. Form in Which Used

In Japan, Stevziz rebaudiuna products are used as extracts

categorized by their various concentration levels of stevioside, the major

sweet glycoside constituent of the plant. For example, one company (Ikeda

Toka Co., Ltd.) produces Stevia ST-AB~, which is a white powder

composed of stevioside of over 90$%purity, as well as Histevia-50@ and

Histevia-10@, which contain stevioside in about 50% and 10% purity,

respectively. The %allast” in each case is described as “natural material”,

which is presumably a mixture of various non-sweet constituents of S.

rebaudiana leaves. The same company produces a range of products

(Licostevia~) in which S. rebaudana extractives are combined with

@YcYrrhizin (another natur~ sweetener), sodium citrate, and “natural

material’’.ll Similarly, another company (Maruzen Kasei Cm, Ltd.)

manufactures various products in the Mahniron~ line, with up to 50%

stevioside, with or without glycyrrhizin.ls More recently, it has been

practicable to manufacture pleasant-tasting S. rebaudiana extracts

containing a high proportion of rebaudioside A relative to that of

stevioside, as exemplified by the Chrysanta~ product line (Dianippon Ink

& Chemicals, Inc.).ld Four S. rebaudiana products, namely, Stevia extract,

Stevia essence, Stevia powder and Stevia sweetener, were included in the

Stevia rebaudiana SafetyReview,page 9
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Lkt of Food Additives Excluding Chemical $nthetks, published in 1989 by

the Ministry of Health and Welfare, Japan.ls

3. Categories of Foods in Which Used
+

A detailed analysis of the Steviu rebaudiuna-derived sweetening

products sold by Maruzen Kasei Co., Ltd. has been provided by

Kazuyama.ls This natural sweetener was utilized in the following (in

decreasing order of sales volume): Japanese style pickles; dried seafoods;

flavoring materials; fish meat products; vegetables and seafood boiled

down with soy sauce; miscellaneous categories of use; and confectionery

products. Fijita and Edahiroll and Kazuyarnals have itemized S.

rebaudimuz-contatiing formulations for “tangles” (a type of seaweed)

boiled down with soy sauce, carbonated drinks, ice cream, orange juice,

and orange sherbet, in which the stevioside content was in the range 0.05-

0.075% w/w or w/v. For example, in a formula for a carbonated beverage,

the following ingredients were stipulated: granule sugar, 17.8 kg Histevia-

100~, 147 g; citric acid, 280 g sodium citrate, 22 g, cider essence, 220 ml,

and carbonated water to 100 liters. & this S. rebaudiana formulation

contains 109ZOstevioside, the total amount of this sucrose substitute used

per liter of the beverage would be 73.5 mg (0.0735% w/v). By replacing 10-

20% of the sucrose in the formulation with stevioside in this reamer, it was

claimed that the heavy sweetness of sugar was removed, leading to more

refreshing and “straightfonvard” drinkll The high-rebaudioside A-

containing S. rebaudiuna produc~ Chrysanta AX-W, is recommended by

its manufacturer for the replacement of 10-30% of the sucrose in cookies

and drinks, and may also be employed in the formulation of candies,

chewing gum, ice cakes, meat products, marine processed products, pickles

Stevia rebaudiana SafetyReview,page 10
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and seasonings.lg Recent figures indicate that S. rebauditma sweeteners

produced by all Japanese manufacturers are used in descending order in

the following categories salty foods; drinks; “jelly delicacies; table;top

sweeteners; and other uses.lz

S. rebaudiana extracts containing stevioside have several particular

advantages as natural non-caloric sucrose substitutes for the sweetening

and flavoring of foods consumed in Japan. For example, Japanese-style

vegetables, dried seafoods, soy sauce, and rn.iso (bean paste) products are

usually formulated with high levels of sodium chloride, a preseming and

flavoring agent and stevioside has been found to possess a mellow taste

that suppresses the pungency of sodium chloride.ls Stevioside is relatively

stable under the normally elevated temperatures involved in food

processing, and does not turn brown on heating or ferment during use.

The compound is also regarded as possessing preferential hedonic

attributes when compared with glycyrrhizin. Unlike the latter substance,

stevioside does not precipitate at the acid pH levels (circa pH 3)

characteristic of many soft drinks.lc The Chrysanta~ product that contains

high levels of rebaudioside A has high heat stability even at low pH levels

in the range 2-4, and is considered to deleteriously affect food materials in

a much less substantial manner than the artificial sweetener saccharin.lg

4. Consumption Patterns

There has been a pattern of increasing use of quantities of Stevia

rebaudiana leaves in Japan since its introduction there in the early 1970s.

Figures for 1976 indicated that of 100 metric tons (dry weight) of

rebaudiana leaves used in Japan, 70% of this quantity was cultivated

Stm”arebaudiana SafelyReview,page 11
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Japan, with 20% grown in Korea, and 10% eIsewhere. The utilization of S.

rebaudiana leaves reached 1,000 metric tons (1 million kg) in Japan in

1983, and in 1987, was estimated to be 1,700 tons. In recent years the ~ast

majority (75%) of the S. rebaudizna leaves used in Japan for the

production of stevioside has been imported from the People’s Republic of”

China, with only about 15% of this plant being grown domestically.1~ 17 It

has been calculated by Yamada and co-workers (1985) that ifS. rebaudiana

extracts represent about half the total sweeteners consumed in Japan by

weight, then their average intake would be about 4 mg/kg/day of stevioside

per person, assuming that S. rebaudiana extracts are about 200 times

sweeter than sucrose, and that the average body weight of the Japanese is

50 kg.lg

5. Absence of Adverse Reactions

Stevia rebaudiana extracts and/or stevioside have been widely used

as sweetening agents in Japan over the last 15 years, with the total

consumption of stevioside by the Japanese population in 1987 being 85-170

metric tons (85,000-170,000 kg) calculated on the basis of a 5-10% w~

yield of stevioside in S. rebaudima plants. No adverse reactions have

appeared in the scientific or medical literature during this period, and thus

it may be concluded, on the basis of these observations, that these

materials do not present a potential toxicity risk to humans.d, z 17

Stevia rebaudiana SafetyReview,page 12
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c. Other Countries

1. South Korea
+

Stevioside is approved for use as a food additive in South Korea

and, after isolation from the leaves of Stevh rebaudiamz, is required to be

of at least 98% purity. Only one report has been encountered on the use of

stevioside in South Korea, namely, an official analytical monograph, which

specifies tests for permitted limits of arsenic and heavy metals and methods

of detection for stevioside. The monograph lists a number of foodstuffs in

which stevioside is not as yet approved for use in Korea, inclusive of bread,

baby foods, and milk products.lg In 1982 and 1983, South Korea produced

30 metric tons of S. rebaudiana leaves for consumption in Japan, but has

not exported this commodity to Japan since then.lz It is not clear what

quantity of S. rebaudiana leaves is used to produce stevioside in Korea, or

if the amount utilized is still produced domestically.

2. People’s Republic of China

While large quantities of Stevia rebaudizna leaves cultivated in

China are exported to Japan, the plant seems to have only a limited local

use in the PRC.~ For example, the product Tian Ye Ju Cha~ (Double

Diamond brand, China Native Products and Livestock Import and Export

Company, Xiamen City, PRC) consists of S. rebaudiana dried leaves

packaged in 50 g bags, and is recommended for increasing the appetite, as

a digestant, for losing weight, for keeping young, and as a sweet-tasting low

caloric tea, It is sold in local marketplaces near its place of manufacture.

According to the package information, purchasers are directed to prepare

teas from this product using either hot or cold water.zl

Stevia rebaudiana SafetyReview,page 13
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3. Brazil

Extracts of Stevzizrebaudiuna and stevioside are now approved for

several dieta~ applications in Brazil. Initially, two products, S. rebaudz&a

tea and S. rebaudiana capsules (Eyra Distribuidora de Productos

Alimenticios e Vegetais, Ltda.) were officially approved for sale in Brazil in

1980.~ In 1986, stevioside, in the required absence of its hydrolytic

products, steviol and isosteviol, was approved as a natural noncaloric

sweetener in dietetic foods and drinks, with an acceptable daily ingestion

level established at 5.5 mg/kg.~ In Januaxy, 1988, S. rebaudiana extracts

(purified so as to contain a minimum of 60% stevioside) and pure

stevioside (free from steviol and isosteviol) were authorized for use as

follows: (a) in foodstuffs and beverages to improve fragrance and flavors;

(b) as sucrose substitutes in dietetic foods and beverages; (c) in chewing

gums to improve flavor or as a sweetene~ (d) in medicines; and (e) in oral

hygiene products.~ In April of that same year, stevioside (free from

isosteviol and steviol), was approved for use in Brazil for the sweetening of

soft drinks, with strict labeling requirements to be followed, and the proviso

that sucrose may not be added to beverages sweetened with stevioside.~

An example of a new product line associated with this new

legislation in Brazil are the S. rebaudima tea products (Stevia Team) which

were introduced to the Brazilian market by Ingii Stevia Agricola Ltda.,

Maringti, Parana, Brazil. The plant material for these products is grown

locally in Brazil, and after drying, the leaves are sterilized with ethylene

oxide. No artificial ingredients are added. Stevia Team is available in ten

different flavors, and may be prepared either as a hot or cold (iced)

Sk?via rebaudiana SafetyReview, page 14
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beverage.% In addition, stevioside is now used in

sweetener, and employed in beverages and yogurts.~

Brazil as a tabletop

There has been concomitant increased scientific interest k S.

rebaudtina in Brazil, as evidenced by the Third Brazilian Seminar on this

sweet plant in 1986, wherein over 20 papers on mainly analytical and

biological aspects of this plant were presented. This symposium WZM

sponsored by the Brazilian Company of Agricultural and Livestock

%
Research (EMBRAPA).~

4. United States

A recently published report indicates that Steviu rebaudiana has

been imported from Paraguay and other countries by several U.S.

companies for a number of uses, including as a table-top sweetener for

beverages, for canning fruit, and for the preparation of bread, candies, and

cookies. One company, Sunrider International (Torrance, California), is

cited by SWientekn as marketing a S. rebaudiuna preparation as a cosmetic

and first-aid treatment for external use. Since as early as 1983, Sunrider

has been marketing a S. rebaudiana product in the United States under the

brand name of TruSweet Extract~, which is a thick brown liquid some 30-

40 times sweeter than sucrose, recommended as a heat-stable natural

sweetener “used most conveniently as a flavoring for teas and other

beverages”. It is claimed that the product “has been used satisfactorily in

canning fruits and in the preparation of bread, cakes, and cookies”.~
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D. Evidence Demonstrating Safety Based on Common Use

Mwia rebaudianaandks IXWCMhave a histo~ of h~m mmnption da~

back several centi=, with widcspr~d ofiGid use in foods ~d bevemges ~ Japm fjx

nearly 1!i years, and rnox recently in B~. ~~c have b=n no rcpom of adverse

health effects resulting horn SU* ~g~on of S. reb@~ or i~ =tra~s.~47“ It It

can LhUSbe concludd from these obse~ations hat th= matcrids ZUemsonably safe

for human consumption in the qumtifis ~d fo~ in ~tich theyhavebeen used in the

diet thus far.

IL SCIENTIFIC STUDIES ON THE SAFETY OF EXTIUWTS AND PURE
COMPOUNDS FROM STEKU REBAUDL4NA

A. Acute Toxici~

Crude and purified‘*acts of Ste~~are~~~~ ~ve been subjected to acute

toxicity tests in rats and mke, the rewks of which mdorae tic w of these materials

for human consumption. The LD50 of m extract containing 50’% stevioside was

reported to be 3.4 #ks when adrni~ster~ innperiton~y to -.30 S. rebaualana

extracts containing about 2070and about 40% Setioside (oral administration)exhilited

LDn va[ues for rats of circa 1? @g md great= thtm 42-@kg.J}In a smdy petiormed

in the United States, no evidence of acute toxicity was obsemed when separate 2 @g.

doses of the S, rebaudia.nasweetglycosideconstituents, sttioside, rebaudiosides A-C,

dulcosidc A and stcviolbiosidc WCrCadministered to mice by oral incubation.

Moreover, no significant dMerences in body or orgm weight relative to controls were

evident at sacrifice two weeks after test compound administration.~

The results of these acute toxicirystudies in rodmts do not predict any potential

risk for human populations by the ingestion of S. rebautianu ex~ractsand constituents.
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B. Subacute Toxicity

.t
.

.n. “’ _n_ ‘“”-

It has been concluded by *~ ~d Yokoyawl tit Moratory C~OW

containing up to 7.oVOwlw scviosi~c produ~ no ~to~d tom dfkx% when fed to

male and fkmale rats for nea.dy WO ~n~s. ~ tieti ~dy, grOUPSof 15 male and 15

fanale rats were fed water extrac~ of S. fe~u~~~ ~n-g =tiodde Iwels m the

feed of 0.28% (group A), 1.4% (gIoup B), ~d 7.0% (gIOUPC). Body weights and

food consumption were measurwl ~d a n~er of he~tological and V~ochcmical

tests were carried out. Each mhnal ws saaced md mtopded at tic end of the SO-

day study, and gross obscwatims on tic ~jor orgms were ~de. Tissues were taken

from 10 male and 10 fde **h each group for Wopathological examination.

Appropriate statistical analyseswti~ cmkd OU on d &ta ohahwd. No deaths wme

obscwed during tie entire study, nor were Were =Y WWRMI~toms noted among

the animak. I@onses t; Ii#t and SOUI@tie app-* of the feces, the luster of

tie hair, and movements were all nond mere MS a significant decrease in body

weight m males of group C (high dose, 7.0’XO stcvioside)be-g in the fifth week of

the cxTeriment, IUcontrast, there was an increase in the female body weights of gTOUp

A (low dose, 0.28?40stevioskle), -10 tie control groups. No marked di.t5erenees

were noted in any of tie groups in terms of food emurnption relative to controls.

Some d.ifi?erenceswere noted m hermto@icd parameters studied, but they were

randomly arranged, and were within normal physiological limits Any changes in the

biochctical parameters measured during the study were not dose-dated, and were

considered to be normal. ‘Iherc were no sigdkant d.iEerences m the tianalyses

relative to controls. C)rgan weights and gross characteri.szics on autopsy were

considered to be normal following correlation Mth non-dose-related di.lTerencesseen

with the histological examinationsof the lung, heat, her, kidney, and bone marrow.]1
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A ~bwutc tofichy study was carriedouton rats using an aquwus extract of $.

rebaudicznaconttig abo~ 50~0 W~Wst~o~de. TWO l~C~ of =Im~ wore mixed

with LaboratoryChOWfor f- ‘&esJ ~owh eachM to re=~e emer 0.2S g

or 0.5 g stevioside m 1Sg of f~ per dOY.~~s were f~ tie eq~mttd diets for

S6 day~ and then sacficd VfiOUS PMEUU~~SWe meam~ dtig the coum of

the htvcstigatioxq such as body weit$% hemato~ogi=l rn=wcrnats (red and white

blood cell counts, hemoglobin.jhematocfi), blood chcb (tom protcinj albumin &-

* k, 0-, and &glob@ glum% ti#yc~k tof~ c~oIese~oL creatinine, urea,

inorganic phosphate, glutamate- oxdoactiate transamh asc, and lactic dehydrogenase),

and histological examination of liier tissue. There were no abnormalities relative CO

controls reported that were dose-relat@ except for a &g@cant decrease in serum

lactic dchydrogenasc lewelm

Neither oft.hese W*Osubacutetoxiciw studks would predict any potential harm

on ingestion of S. rebaudianaextracts by humans.

c. Chronic Toxicity - Carcinogenicity

A chronic toticity study on the ingestion o~Steviarebau.dianaextraets has been

conducted in Japamls A hot-water emact of X rebaudjanakves was purified so as

to contain the equivalent of about 9S%’Ototal mvea glycosides (74.5Y0 stcvioside and

16.3% rebaudioaide A). Male and female F344 rats were fd with laboratory chow

ecmtaining either 0.19’0, 0.3% or 1.0% by w~t of tie purified pkmt em.ract.

Ahogether, 48o rats (240 of each sex) wore employed,and divided raudorrdy into four

groups that were comprised of contro~high- and medium-dosed auimals (7o males and

70 females each) and low-dosed animals(30 males and 30 females). The upper dose

employed ( lVO of the total feed) took into account a calculated dailyhuman intake of $.

rebaudiana sweeteners in Japan (4 mg&#day), md auow’ed a safety factor of 100.
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‘tie d~ation of the inve~gation was 22 mouti fbr the male rata and 24 months for

the ficrrdes. After pcfiods Of* SQd 12 monfi% 10 ~es ad 10 fe~es from *CII

group were sacrificed for *~ ~d N~oP2~o10gic~ *StiOL ~Wdwd body “

weights and food co-don leve~ were record~ at on-wed rntc~a~ * water

intake measured weekly for the first 48 weeks of the study and evcxy four WCCkS

thereatlcr. Rats were ch~ked d~y, ~d rnoriiud *~s w=e sacrificed and

subjected to histopathology. UrindY*, aS well as hernatologi~ blood bioehemica~

and pathological examinations were pe~ormed On the con~ol and dosed anhnals.

Statistical methods were used to prop=ly cwduate the test data obtained.is

wc the gIowth rate of thelow-dose (0.1%) aOUp WaS~lar to that of tic

contro~ growth was depressed slightlyaficr week 69 in rna.les and tier week 11 in the

females in the medium-dose (0,3%) group. Tr~ticnt ~o~h re~dation was obscwed

in the high-dose (1.09’0)g%up between weeks 23 and 50 (males) and between WCCkS

60 ad 7S (f~bs). Me-r week 69 (~es) ~d week 79 (fotis), the weights ofthc

rats tended to decrease m all groups, ~clutig tie corktrck NC general appearance

and behavior of the animals were the SSXIWm au gTOUpSrnchding the controls.

Mofiality at the end of the study tid mot ~~er ti@cmtly for S. rebaudiana-extraet

treated animals when compared to the controls. After &, no dose.f~ted

changes were foun~ except for SIIinLXCSSIXJhcidence of protcinuria in fcrnales afk
.

six months. AISOtier this tirn~puio~ do~related increases m cxythroeyte counts

and decreases m mean corpuscular volume and mean COqwsmdar hemoglobin were

observed in male rat% with decreasedery.brocytc counts in female rats. However, the

differences between the hematologicalparameters of the dosed and control rats after 12

monti Were not statistically sigt&ant. Administration of tie S. rebaudiana extraets

for six months caused a increase m blood glucose for animals of both sexcq and

decreases of blood glutamate-oxalacetatetransferase, glutamate-pynivate tralls~ase,
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and triglycerides in fdes. NO sigMcant diEerences ~ blood ~ochemical values

occurred between my of fie fo~ soups of *s efiff mm 12 mon~s or at the end

ofthc experiment. Organ w~@ts of @cliv~, ~~eYs, h- pro~ate, ~d testes &re

significantly imxeaswl ~ males rela~e to ~ntro~ m tie ~*-dose group after *

months. Analogous (six-mnth) data ob~~ fo~ fe~des m tic Idgh-dose grOW

indicated si@ficant decreases in ovaxYw@#s and increase in liver weights. Ag@

changes in organ weights for all dosed * ewloyed m tie study were not

significantly different Born controls after 12 months or at the end of the Study.lt

A variety of non-neoplatic hi~opa~ologic~ fin~gs were recordet an~ in

most cases, both animals dosed * S. re~~dkma emacts and control animals

exhibited similar conditions. Chmges more co=n in rats given S. rebuudkma

exuacts than in control * ~=e ~u~~ apmtog~a rntcrsthial oeIl
a.

proliferation in the testes, rnedullary d proliferation in the adrenal glands, atrophy of

the thymuq idkmmato~ lesions m the tm~ea md hga agmktod thmges of the

kidneys, such as degeneration of mbti epfieti hwe cast% and glomerular

sclerosis, and pigmentotion and increased h=natogemis of the splecm A number of

neoplasms were obsewed, both for the con~ol md S. re~audhmu-dosed animals. The

most COmmonneoplasm in the males were rntertiti CC~admoma of the testes and

pheochromocytoma of the adrenal glands, We ti the females they were interstitial

polyps of tie cndometrium and adenoma of the anterior lobe of the pituitary. nc

incidence of neoplasm was not related to dose. IK

As a result of this protrwted and cmnsive invetigatioq it was concluded that

no si@cant dose-xclated changes were found in the grow@ geueral appearance,

hernatological and blood biochemical !hliugs, organ weights, and macroscopic or

microscopic obsemations, as a rmlt of feeding male and female F344 rats with S.

reba~djana exwacts at levels up to l“ioof their feed for about two years. It was also
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ooncluded tit aRyneopkrns that owmd were not Zttiutable to the administration

of S. rebaudianaextracts.t-

IMS is the most exldc ~ety ~dy perfo~ed to date on S. rehaudi~

cxl.rac~ involvhg nearly 500 tcs a tit w~e ~eat~ fir q to mo ye=. I’IIc

highest dose level adrniniktered to tie _ represemd some 100 times the

txsimatcd daily intake of this mveetmat~~ ~ the hUULSD~et The results okkairted are

suppo~ive of the saf’ of S. rebaudi~ e~u% s~oae and rebaudiosidc A when

consumed as suorosc substitutes by human population.

D. Effec@ on Reproduction

It was claimed in 1968 by Phs and WG tiat me Paraguayan Matto Grosso

hb have employed the leaves and SCemSof s~evia rebaucfkma m tic form of a tea

as a contraceptive. Thcsc iorkers also rcpofled m =ti.fe* effect fir periods up to

wo months following the inco~oration of a 5’XOS, rebaudiana extract (10 ml) into the

drinking water of both male and femalerats.~

Recent field inquiries iu VfiOUSrE@onsof nofimsteru Paraguay, however, do

not cob the native usc of $. rebaudiana etiacts for contraceptive purposes.>

Moreover, a number of other laboratories have been unable to confhrtI an antiefl~

activi~ of S. rebaudianaextracts m rats.~ h one swh laboratory study conducted m

Japan, an extract of S. rebaud~amleaves containing 53.1Vostetiosidc was mixed with

standard laboratory ration to tiord tiOUS dose lmds of stcvioside for feeding to

groups of rats. After rece”tig nonmd ration for several days, 13-week-old male and

fmalc SLC-Wistar strain rats were fed a stewiosid~containing ration for 21 days.

Mer this period, one malewas placed ML tSVOfe~uaksfor mating. Fe~alc rats were

examined d~y for evidence of a vaginal plug, and this day was considered as day O of

pregnancy. On day 20, half the pregnant animals were laparotomized and the
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remaining hdfwere allowed to have wont~cous Miwdesi A the time of rnatkg, ~C

stevioside-containing mUOIMWIXCrCIIIOVCd~d SUb*Cd ~fi ~~d~d ~boratog

diet. The data obtainod fiowOd a ~c~ of ~~- efi~s for tie ~~m tested.

Mhermorc, there was no eviden~ of UIYteratogc~c a-es or oficr abnomtilities

in the fetuses or ofl%pring.~1

IUa later study, it was repoat~ tit tie =d fede ~ts, nMJIItaiRed* up to

3% stevioside m the di% etiied nO abnond s!= m mating petiorrnance and

fertility. ~o, no skeletal or otier teratog~c effe~ a~~utable to sttioside were

obsewed in fetuses after biirth.n’

A recent chronic feetig mdy, mrn~ out m Bm~ utig ~ aqueous extract of

S. rekudiana leave%has hvetigatd tie =dotie puarmxers of male rats thus

ticated. The pre-pubescen~(immature) tc~ * were dosed Wee daily for 60 days

with plant extract (2 ml of a solution represented by 66.7 g of dried leaves per 100 ml

total solution). A number of measurommts were made (gIycemia; sem.m levels of T3

and T~; available binding sites m thyroid-hormom-binding proteins (nR ind~);

binding of [s~R1881 to prostate c@@ *C umtent ~ prostate, testis, submandibular

salivary gland and pancrea~ water content m testis and prostate; body wej@t gti,

final weights of testis, prosmte, scmind vesicle, submmlilmhr salivary glan~ and

adremd). fie group treated ti S. rebaud~ana ~d not Wcr aigtdficsntly from the

control group with respect to aUparamctms mem.uet with the exception of seminal

vesicle weight, wWh fell by 60YI0.It was concluded that the administration of S,

rebaudima aqueous extract producedno dimhmtionof fertility m male rats.~

A similar study carried OMm France has shown a lack of any a.ntiaml.rogenic

activity of extracts of$. rebaudiana.Groups of he adult male Wistar rats were given

orally (for eachof31 days) either a control or one of three te~ solutions conttig m
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aqueous extract prepared from 0.5 kg of S. re~~~~~ IWCS (c~c~t~ xo cantain

2,6% w/w stevioside before dibdon). Afkr autopsy, the Mtick, prostate gland, ~d

seminid vcsieles of tie treated ra~ were weigh~ ~d ~mp~ed vJ~ ~n~ol wk.

Since no si@cant difkrenees were obsewc~ it

an&ogenic effects by & rebaudianawere apparont~s

was concluded that no anti-

Therefore, all scimtic ~dies mbsquent to tie Plmas and Knc paper of 1968

have refited these initial obscwations of m ~~etiw fi~ ofs. rebawht~ leaves
. .

“on.rnaleand female rats.

E. Mutagenici~ Potential

Pa&ally pmilkd extraets and pure compounds (stetiosidc, rebaudiosides A-E,

dukoside & and steviolliosidc) from Stevfa rebaudkvza leaves have been extensively

tested for their m.utagenic’aotivity. Utig Safmone!la ~phimuriwn strainsTAgg,

TA1OO,TA1538, and TM677, or ~eheric~ia cdl stmrn WP2, either m the presencc of

absence of a 9,000 x g supematmt mehbofic aafig Vstem derkl from the rat

“ liver (s-9), al! of these materialshave been repomed as uonrnutagcnic in laboratories m
. .

Japan, Brad and the United Stat=16J7StJ9.40Mutagenicity tests performed tith

recombination defieient (re&) =a~ of Buc~/lM subt~lis (H17 =d M45) have also

shown several of these substancesto be innOCUOUSboti m tie presence and absence of

S-9, as have host-mediated tests inmk b~g S. Pptirnurtum strain G46.M-.

However, recent studies in the United States, Japan and rhe United Kingdow

have shown that stevio~ the aglyume of ~. rebaudkna sweet constituents such as

stetioside and rebaudioside & is mutagenic in a fommrd mutation assay utilizing ~.

typhinzuriunzstrain TM677 in the presence of a metabolic activating system derived

born a 9,000 x g supcrnatant fiaa.ion obtained horn the Iivcrs of koclor- 1254

pretreated rats. Unmetabolized ~tiol k inactive in this system>ue.,o Furthermore,
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~bolically uotivatcd steviol Rho gave posh~e responses in ehromosomal ~berration

and gene nmtation tests carried OUtin Japan.J? In COntra~ however, the Japanese

smdy demonstrated that a~atcd s~~ol WM not m~tag~c m tie reverse ~tatjon

assay (Ames test) using S. ~hirnu~u~ ~*SJ TA97STA98, TA1OOand TA102.ss

several sttio$ analogs have *O been assessed for ~agenitiw uder the SaIIM

conditions used for stevio~ so tiat ~ Pr*ag notion of --al requirements

necessary for the exhivltion of a mutag~c respon~ ~ong ~ class of compounds

might be established. As a redt of its g~eration ader tie condkions used to produce
.

a baoteri.al mutagenic effkct by stevio~ 15A-hy~oxystiol has bem shovm to be a

major metabolize of steviol. W’bilethis compound was not mutagenic, its closely

related ddvative, 15-oxostevio~ was found to be a direet-acting (albeit very weak)

mutagen in the S. typhirnuriurn TA677 fo~ard mutation assay. 1S-oxosteviol,

however, has not been detected among the products of steviol metaboli~ and it still

remains to be shown that this compound can be -atically generated from either

steviol 01 15~-hydroxysttioL Conversely, it is possible that other uudeiined

mutagenic metabolizesmay be generated from scviol waler the experimental conditions

used-Al,~ U should be pointed out that scientists in the United Kingdom recently failed

to reproduce a direct mutagenic response for lS-OXOSUAOJwhen studied in the S.

typhwriwn TM677 forward mutation assay, and have therefore challenged the earlier

assertion that this compound is a weak direct-acting muCagcn.40

As discussed in section 11.Fbelow, steticd is a mctabolitc of both steviosidc and

rebaudioside A in rats. Thus f~, however, there is no evidence that S. reba~~iana

ek-ets containing stevioside are blotran<ormed to steviol by ingestion by humans,

although tits ctiot be nded out at this stage. Even if this were found to occur, steviol

itsel.fhas not been found to be mutageaic, and would require !irther trausfornntiou in

the body to elicit a mutagenic substancoor substances. In addition, by no rneam are all
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“proven’’mutagens carcinogenic, and

several dietary chemicals are known mutagens. For example, when nearly U()

synthetic and naturally occurring food additives were subjected to testing in a

reverse mutation assay using various Salmonella &phimurhm strains (Ames test),

14 such compounds were positive in this test. This study was carried out on

substances with well-established food use in Japan, by the National Institute of

Hygienic Sciences, Tolqo, Japan.dJ Also, the results of these mutagenicity

experiments on steviol are perhaps of less significance that those of the chronic

toxicity studies mentioned in section 11.C of this review, wherein no significant

incidence of tumor formation was reported in rats dosed for about two years with

Stevifl rebaudiana Safety Review, page 2S



S. rebaudiana extracts (up to 1% of total diet), when compared with control

animals.

F. Metabolism Studies +

There are only somewhat limited data on the in W“VOand in vizro

metabolism of the sweet principles of SteVia rebaudiana, such as stevioside. In

1980, Wingard ,and co-workers demonstrated that stevioside and rebaudioside A

are both degraded to steviol by rat intestinal microflora in vitro. In the case of

stevioside, incubation with bacterial cecal suspensions under the conditions used

in the experiment for two days resulted in 100% conversion to steviol, with 100%

conversion of rebaudioside A to steviol occurring only after six days. Steviol was

detected by high-performance liquid chromatography, and, when subjected to the

same type of incubation, was recovered unchanged in 87-1009Z0yield after two-six

days. Cell-free extracts transformed stevioside and rebaudioside A more slowly,

with 5070 and 7% conversion to steviol of stevioside and rebaudioside ~

respectively, occurring after seven days’ incubation. Wingard and co-workers

(1980)44 extrapolated their rat data to the human situation, and have suggested

that the human bowel could convert over 0.4 g rebaudioside A to steviol each

hour. However, this calculation may be somewhat presumptuous because humans

do not have a functional cecum and therefore contain different intestinal-tract

microbial flora than the rat.q

A more recent investigation by Nakayama and colleagues (1986)45 has

studied the in vivo absorption, distribution, metabolism and excretion of pure

stevioside in Wistar rats. Tritiated stevioside was administered orally at a dose of

125 mg/kg, and the level of radioactivity in the blood increased slowly to a

maximum of 4.83 mg/ml at eight hours, indicating a biological half-life of 24 hours.
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After one hour, the highest concentration was in the mall intestine, followed, in

turn, by the stomach and cecum. After four hours, the concentration in the cecum

was higher than in other organs, and after 120 hours, the percentages, of

radioactivity excreted into the feces, expired air, and urine were 68.4%, 23.9%,

and 2.39%, respectively. Some evidence was obtained for the occurrence of

enterohepatic circulation in the rat. Steviol was found to be a major metabolize in

the feces, and small amounts of stevioside, steviolbioside, and an unidentified

metabolize were also found. It was inferred that while a portion of orally

administered stevioside is excreted in the feces, most of it is degraded by the rat

intestinal bacterial flora to steviolbioside, steviol, and glucose, which are then

absorbed. Absorbed glucose is considered to be metabolized and excreted in

expired air as carbon dioxide and water, with most of the steviol conjugated in the

liver and excreted into the intestinal tract via the bile. Free steviol may be

reformed by decomposition of the its conjugated form by intestinal bacteria).

It still remains to be shown that S. rebaudiaza sweet constituents such as

stevioside and rebaudioside A are metabolized in humans in the manner

described in the studies by Wingard et al.~ and Nakayama et al.4s.

G. Other Biological Investigations

1. Cardiovascular Effects

Several reports based on work carried out in Brazil have described

various cardiovascular effects of Stevia rebaudiana extracts. Thus, when a

tea prepared from S. rebaudiuna leaves (50 g) was administered daily for

30 days to 18 normal human subjects, ranging in age from 20-40 years, a

circa 9.5 % lowering of the systolic and diastolic blood pressure resulted.

There was a prolongation noted in the electric systole in the ECG. When a
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single oral dcse of S. rebau.dkma tea prepared from 3.0 g of leaves was

given to 10 normal adult human subjects, only a slight lowering of only the

systolic blood pressure was noted.~ When two concentrations (8 and+16

mg/kg) of pure stevioside were tested by Melis and Sarnati (1991)47 on

normal male Wistar rats, it was concluded that this substance produced

dose-dependent hypotensive activity. Animals were subjected to

tracheotomy, with the left carotid artery catheterized, and isotonic Ringer

solution containing 109%inulin and 270para-aminohippuric acid infused iv.

at the rate of 0.03 ml/min throughout the experiment. Four groups of

clearance studies were performed: (a) stevioside dissolved in isotonic saline

infused at a priming dose of 8 mg/kg and then at a rate of 8 mg/kg/hq (b)

stevioside used in the same manner as in (a), except at higher dose (16

mgkg); (c) and (d) control groups using verapamil and calcium chloride.

The stevioside dose at 16 mg/kg produced a significant increase in para-

aminohippuric acid clearance, although this effect was not observed at the

lower stevioside dose (8 mg/kg). It was put forth as a result of this study

that the vasodilator effect of stevioside induced a decrease in mean

articular pressure and promoted renal vasodilation by lowering renal

vascular resistance. The authors made no attempt to speculate on how the

results of this investigation might impact on the use of S. rebaudiana

extracts and stevioside as sweetening agents.

At the Third Brazilian Seminar mentioned in section 1.C.3 of this

review%, an abstract of a clinical study appeared in the proceedings,

describing the effects of the administration of a lyophilized S. rebaudiana

extract on the cardio-circulatory and electrolytic profiles of 60 healthy

human subjects.~ The participants were split into three groups, and
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received capsules containing the equivalent of Omg (placebo), 27.7 mg, or

110.8 mg stevioside. It was observed that with the higher dose, there was a

tendency for the lowering of both systolic and diastolic arterial pressure; as

well as a trend towards a reduction of glycemia. However, ~he

administration of the capsules caused no Perceptl%le undesirable effects in

any of the subjects, and did not cause any significant changes in over 20

standard blood chemical measurements. It was concluded that the acute

use of S. rebau.diana did not lead to any significant alteration of

homeostasis or organ function.~ No full research report appears to have

appeared in the literature in relation to this study.

Although it would seem that stevioside would not cause hypotensive

effects at the doses used in sweetening foods and beverages, definitive

clinical studies to clari~ this point are needed.

2. Allergenicity

No published reports have appeared that would suggest that

extracts of Stevia rebaudiana leaves are immunologically active when taken

internally. Similarly, there is no evidence that any of the constituents of S.

rebautfiana cause allergic contact dermatitis.

3.

from

Effects on Carbohydrate Metabolism

In section I.A of this review, the use was described of teas prepared

Stevia rebaudiana leaves as a diabetes remedy in Paraguay.

Hypoglycemic effects in humans and rats using S. rebaudiana extracts have

been documented in a number of scientific publicationslg~o~lszss~, thus

providing some credence for this medicinal use of the plant in Paraguay.
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In a preliminary study using human subjects in 1970, Oviedo and co-

workers administered a dried aqueous extract of S. rebaudiana leaves orally

to each of 25 healthy adults (dose not specified), in a “double-blind” study.
+

They claimed an average 35.2% fall in normal blood sugar levels from

initial values, between six and eight hours after administering the extracts.fg

In a Brazilian study, daily administration of an aqueous S. rebaudiuna

extract (equivalent to 1 g stevioside) was provided to each of 15 normal

humans subjects (both male and female, 19-25 years-of-age). The extract

was given in 250 mg stevioside-equivalent doses every six hours, and the

first dose was given 12 hours after a glucose tolerance test, with the last

dose two hours before a second glucose tolerance test four days later. The

results showed an “accentuated hypoglycemic response” in the patients

studied, but it is not clear if any controls were included in this

investigation.so In a laborato~ study conducted on rats, a high-

carbohydrate diet containing 109ZO dried S. rebaudiana leaves

(corresponding to about 0.5% stevioside) was studied. After two weeks of

feeding, there was a significant decrease in liver glycogen, which further

decreased after four weeks of feeding. Blood glucose was unaffected after

two weeks of feeding, but was significantly decreased at four weeks, when

compared with control values.so

The influence of stevioside on the transport and metabolism of D-

glucose and D-fructose was investigated in the isolated perfused rat liver by

Ishii and co-workers (1987).s2 Stevioside was found to be without effect on

D-glucose metabolism, except for transient changes in the release of this

compound, although D-fructose was specifically affected. According to the
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investigators, their results are compatible with previous obsemations~l of

the effects of S. rebau.dianaconstituents on carbohydrate metabolism.

However, despite the above-mentioned studies, the effects of S.

rebaudana constituents on carbohydrate metabolism. are contradicto~,

since a number of other laboratory investigations have found no significant

effects of this type. For example, Lee and co-workers (1979)~ found no

change in blood glucose levels, when crude extracts of S. rebaudiana leaves

were fed to rats for 56 days, with each rat consuming from 0.5-1 g of extract

per day. Akashi and Yokoyama (1975)31found no dose-related effects on

blood glucose after feeding studies in rats for 50 days using extracts of S.

rebaudiana in which the final concentration in the ration was 7.0%. In

more recent work, Medon and Zeigler (1986)s3 treated male Sprague-

Dawley rats (68-146 g) with pure stevioside (orally, 75-150 mg/kg) for

period of up to 30 days. Blood samples were collected via the tail vein

either O,four, eight and 24 hours (acute study) or one, two, three, and four

weeks (chronic study) following compound administration. Plasma glucose

levels were determined using a glucose analyzer. Acute or chronic

administration of stevioside produced no significant differences to controls

in blood glucose of rats. It was concluded that the data obtained did not

support a hypoglycemic activity of stevioside.

Therefore, the effects of S. rebaudiana extracts and constituents on

carbohydrate metabolism are conflictory in scientific studies to date, and

should be clarified further.
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4. Effects on CMlular and Sub-Cellular Metabolism

A series of studies on the effects of pure stevioside and several

glycosidic and non-glycosidic derivatives have been performed ‘md

reviewed by Brazilian workers.~ The activities of these compounds have

been probed in systems such as isolated rat liver mitochondria, rat renal

cortical tubules, human and rabbit e@wocytes, rabbit reticulocytes, and in

the isolated, perfused rat liver. In general, S. rebau.dtina glycoside

constituents such as stevioside and steviolbioside were found not to affect

mitochondrial functions, although the non-glycosidic substances, steviol

and isosteviol, which do not occur naturally, were active in this regard.

5. Anti-Androgenic Effects of Steviol and “Dihydroisosteviol”

Steviol, the enzymatically produced aglycone of the Stevia

rebaudiana constituent, stevioside, has been studied in a chick-comb assay,

which involved inunction of the compound to the combs of two-day-old

white leghorn male chicks stimulated by a single injection of testosterone.ss

Steviol was given once daily for seven days, and then the combs were

removed and weighed. Doses of steviol used in three separate experiments

were 0.5, 2.0 and 3.0 mg/comb (total given to each chick in a seven-day

treatment period). The results at the 0.5 mg/comb level were negative, but

for the 2.0- and 3.O-mg/comb doses a “tendency toward anti-androgen

activity was observed”. A compound of apparently unknown structure that

was referred to as “dihydroisosteviol” was tested in this chick-comb assay in

a similar manner. It showed a statistically significant anti-androgen effect

only at the 3.0 mg/comb level. In 28-day-old Charles River male castrated

rats, “dihydroisosteviol” did not affect the seminal vesicles, prostate, or
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levator ani, and was not effective in inhibiting the action of testosterone

given at total subcutaneous dose levels of 5.0 and 20 mg per animal.

Injections of the test compound were given in divided doses daily for seven

days.ss It may be pointed out that “dihydroisosteviol” has never b~en

determined as a metabolic or degradative product

rebaudiuna diterpene glycoside sweeteners.

of any of the S.

The origin of

“dihydroisosteviol” ----- ‘-* “-’-=

H. Evidence of Safety

WdS nm Sultcu.

Based on Scientific Studies

As discussed above, scientific studies have been carried out in several

major safety categories, including acute toxicity~~l~z, subacute toxicity~~, chronic

toxicitylg, and effects on reproduction.~tss~~~s These studies have shown no dose-

related abnormalities that are significant from a safety stand-point, and thus

supportive of the safety of S. rebaudiana extracts for human consumption in

quantities and forms in which they have been used in foods and beverages.

HI. BOTANIC& CHEMICAL AND MISCELIJWEOUS TECHNICAL DATA

are

the

A. Identity

1. Botanical Description of Stevia rebaudiana

The genus Stevia belongs to the family Gmpositae (Asteraceae), in

the tribe Eupatoriae, and is an entirely New World genus, with a

distribution ranging from

Argentina, through Mexico,

and the Brazilian highlands.

the southern United States to northern

Central America, the South American Andes,

The number of species has been placed in the

range of 150-300, of
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America, with at least 70 species being indigenous to Mexico alone.

Members of the genus comprise herbs (annuals and perennials) and

shrubs, found mostly at altitudes of 500-3,000 meters above sea leyel.

Although they are usually found growing in semi-d~ mountainous terrains,

habitats of Stevzk species range from grasslands, scrub forests, forested

mountain slopes and conifer forests, to subalpine areas.g

Sevia rebaudiuna (Bertoni) Bertoni is a shrub native to elevated

terrain in the Arnambay area of northeastern Paraguay and the Iguagu

district of southeastern

characteristics:

“Suffruticose, erect

Brazil, and has the following botanical

obscurely puberulen~ 3-4.5 dm high; leaves
opposite, sessile, lance-oblong to spatulate-oblanceolate, obtuse,
serrate above the middle, entire on the cuneately narrowed basem
of chartaceous or subcoriaceous texture, 3-nemed and
conspicuously veiny, the cauline 3-5 cm long, 7-15 mm wide, often
proliferous in the axils; inflorescence becoming rather loosely
paniculate, the heads (on pedicels often about as long as the
involucre) appearing opposite the bracts in irregular sympodial
cyrnes,; corollas with pale purple throat and white limb; achenes
nearly uniform, 15-176 anstate’’.sb

S. rebaudqza is known in the Guarani language in Paraguay as Ca6-

~h6, which means “sweet herb”. This taxon was originally named

Eupatorium rebaudianum Bertoni, but was later assigned to the genus

Stevia. The correct name for this plant is $evia rebaudiana (Bertoni)

Bertoni rather than Sevia rebaudiuna (Bertoni) Hemsley, for reasons of

priority,4
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2 Chemical Constituents of ~teviu rebaudiana

While chemical work to determine the structural nature of the

sweet princip]e or principles of Stevti rebaudiana leaves began at the turn

of the cemturys~Q~T,the structure of stevioside, the most abundant sweet

constituent, was not completed until more than 60 years later. A group at

the National Institute of Arthritis and Metabolic Diseases, National

Institutes of Health, Bethesda, Maryland, was able to show that one sugar

unit of stevioside occurs as a glucopyranose function attached B to a

carboxyl group,

affixed G to an

stereochemistry

and a second sugar unit occurred as a sophorose unit

alcoholic group of the aglycone.sTsg The structure and

of steviol (ent-13-hydroxykaur-16-en-19-oic acid), the

aglycone obtained on the enzymatic hydrolysis of stevioside, were finally

determined in 1963.s9 During the 1970s additional sweet compounds were

structurally characterized from S. rebaudiana leaves, includhg

rebaudioside ~ which is sweeter than stevioside, and has a more pleasant

taste.~ The sweet ent-kaurenoid glycosides occur in extremely high yields in

dried S. rebaudiana leaves, with approximate values for the four most

abundant compounds being stevioside (5-10% wk), rebaudioside A (2-

4% w/w), rebaudioside C (l-2% w/w), and dulcoside A (0.4-0.7% w/w).d

The structures of the eight known sweet constituents of

rebaudiana are shown in Appendix I (stevioside, 1; steviolbioside,

rebaudioside ~ 3; rebaudioside B, ~ rebaudioside C, 5, rebaudioside D,

s.

2;

rebaudioside E, 7; dulcoside ~ 8). These compounds have all been

thoroughly characterized by standard physico-chemic-al techniques such as

melting point determination, optical rotation, ultraviolet spectroscopy,

infrared spectroscopy, proton- and carbon nuclear magnetic resonance
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spectroscopy, and mass spectrometry.Q~b Thus, for example, stevioside

(ChenzicalAbsZracfs Registry Number 57817-89-7) exhiiits: mp 196-198°~

fl~~ -43.2°; ~~018, and rebaudioside A (ChemicalAbstracfi Re@t~
+

Number, 58543-16-1), mp 237-239°q DDm -18.50; CUH700= Abstracts

of many patented procedures for the extraction and purification of the S.

rebau.dianasweeteners have appeared in ChemicalAbstracts since 1973.43

Several non-sweet secondary metabolize constituents have been

identified in extracts of S. rebaudkna leaves, including labdane

diterpenes4@@, triterpenes4, sterolsd~bs, flavonoidsW, and volatile OiI

constituents.4 In addition, the pigments, gums, and inorganic matter

present in the leaves of S. rebaudiana have been investigated.bs The dried

leaves of S. Tebaudiana contain about 42% w~ of water-soluble

substances.s

B. Analytical Methods for the Stevia rebizudianaSweet Glycosides

There is a plethora of published analytical methods for the determination

of the Stevia rebaudiana glycosides in plant material and food and beverage

compositions. Five major methods have been used for the qualitative and

quantitative analysis of these compounds, namely, gas-liquid chromatography

(GLC); thin-layer chromatography (TLC)-densitmet~, calorimetric

determinations; high-performance liquid chromatography (HPLC); and an

enzymatic procedure.d A short review has appeared in the literature on analytical

methods.fi

Tezuka and co-workers (1980)67 have published a GLC method for the

determination of stevioside in sugarless chewing gum. Stevioside was analyzed in

the form of isosteviol methyl ester, after hydrolysis with mineral acid 6 N sulfuric
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acid, and methylation with diazomethane. Salient conditions of gas

chromatography were: glass column, 30 cm X 3 mm; stationary phase, Diasolid

ZT on Chromosorb W (acid washed); column temperature, program from 100C

through 300C at 5C/min; carrier gas flow rate, 40 ml/ti, internal standdrq

squalene. The method was suitable for the analysis of stevioside in chewing gum

at levels of between 0.03-0.20% w/w.

Methods for the S. rebaudiana sweet glycosides using HPLC are preferable

over other analytical procedures because they permit the compounds to be

detected in their unmodified form, and also allow the simultaneous determination

of several of these compounds. Makapugay et al. (1984)~ were able to separate

an artificial mixture of all eight sweet diterpene glycosides constituents of S.

rebaudiana leaves using a gradient elution HPLC procedure. Details of this

separation are: column, Zorbax NH2, 25 cm x 04 mm; eluting solvent, 84-70% v/v

acetonitrile-water (pH 5), changed over a period of 15 rein; flow rate, 2 ml/min;

UV detector wavelength, 210 nm; temperature, ambient. This method was

applicable to the estimation of stevioside, rebaudioside ~ rebaudioside C, and

dulcoside ~ the four most abundant sweet ent-kaurene glycosides occurring in S.

rebaudiana leaves of different geographical origin. Prior to analysis, powdered S.

rebauduna leaves were extracted with methanol, with aliquots of each methanolic

extract passed through a prepared Permaphase ETH pre-column prior to HPLC

analysis. The highest % w/w dry weight values recorded for the test compounds

were evident in a S. rebaudiana leaf sample cultivated in Taiwan, namely,

stevioside, 8.1; rebaudioside 3.5, rebaudioside C, 1.4, and dulcoside A 0.53.

Similar HPLC methodology has recently been developed that is suitable

for the simultaneous determination of stetioside, rebaudioside ~ rebaudioside C,

and dulcoside A occurring in Japanese beverage, soy sauce, candy, and pickled
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radish products. The conditions employed were: column, LiChrosorb NHz (S mm,

25 cm x 4 mm); mobile phase, acetonitrile-water (80:20); flow rate 0.8 nd.hnin; UV

detector wavelength 210 nm; temperature, 50C. All types of sample were passed

through a Sep-Pak Clg cartridge prior to being subjected to HPLC. Recoverie~ of

the sweeteners fortified with standards at 20 and 100 ppm were in the ranges of

87.9-99.7% and 93.2-97.8%, respectively, and the limit of detection of these

sweeteners in food was 5 ppm.@

c. Sensory Properties of the S&wiunbaudhma Sweet Glycosides

Stevioside, when almost pure (93-95%), exhibits a persistent aftertaste,

with bitterness and astringency experienced by human volunteer subjects.

However, when the compound is only 50% pure, as in certain extracts of Stevia

rebaudiana leaves, a much less undesirable aftertaste is perceived. Using an

incomplete-paired comparison organoleptic human taste panel, the sweetness of

pure stevioside was found to be about 300 times that of sucrose at 0.4% sucrose

concentration, 150 times sweeter at 4% sucrose concentration, and 100 times

sweeter at 109Iosucrose concentration.TO

The relative intensities of sweetness for the S. rebaudiana sweet glycosides

have been well documented (sucrose = 1): stevioside, 150-300, steviolbioside, 100-

125; rebaudioside ~ 250-400; rebaudioside B, 300-35Q rebaudioside C, 50-12@

rebaudioside D, 250-450; rebaudioside E, 150-300; dulcoside ~ 50-120.6 The

range of figures in each case reflects differences in sweetener concentrations and

differences in methods of laboratory assessment of sweetness.

There have been many attempts to improve the unpleasant aftertaste of

stevioside, such as by formulation with either sucrose, fructose, glucose, amino
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acids and cyclodextrins. Most of these methods have appeared in the Japanese

patent literature.d’s
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APPENDIX I

Structures of the Eight Known Sweet Diterpene Glycosides fkom Wet&zmbaudhmu

4
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B - Glu

-H

B - Glu

-H

B - Glu

(2+1) B-mu-e-lu

(2 -1) 6+1U-6+1U

B - Glu

R2

Bau-sau (2-1)

fl-clu-0-Glu (2-1)

6-oh-9 -au (2 -1)
I
Bau (3 -1)

Ball- 6<1U (2 -1)

; -GIU (3 -1)

B+atIK-Rha (2 -1)

e!-GIU (3-1)

8-CIU-6-GIU (2 -1)

; au (3-1)

B-GIU-8-GIU(2-1)

s -Gluu-RhA (2+ 1)

GIu = D-glucopyranosyl; rha = Lrhamnopyranosyl
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review for Stevia rebaudiana leaves. This revision has been
nicely done and constitutes a comprehensive statement on the
plant in question.

I fully agree with the author’s 14 summary points (pp. 2-5)
and his final conclusions (p. 5) that Stevia rebaudiana leaves,
leaf preparations and pure Sweetening =ples are all safe
in the amounts now used commercially to flavor foods, drinks,
etc. It is very doubtful that these plant materials would ever
be used in excess of these amounts because of taste esthetics.
Therefore, these materials must be considered as very safe when
used as food\drink additives.
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Invited speaker ThM international symposium on low molecukr weigh~ sulfur-containing,natural

products. Rome, Italy, 1979.
NIH Site Visitoc ComprehensiveEpilepsy Progmm, Univemhy of Via Medieal Center, 1979.
Chahman: Taurine and Camitine Session, FASEB, Anaheim, 1980.

~ Chahrnan: Biochemical Pharmacology Session, ASPET, Rochester, Minn., 1980.
Invited participanceWorkshop - Quebec Co-operativeStudy on Friedreich’s Ataxia, Montebello,

Quebec, 1980.
Invited speake~ Third Ta@x Parkinson’s disease symposium,LubbockiTexas, 1980,
Chairman: Taurine and Camitine Session, FASEB, Atlanta, 1981.
chairman: EnvironmentalToxicology Session,FASEB, Atlanta, 1981.
Program Organiztm Neuroscience Retreat ‘Teleologyin the Neuroscience’, Universityof Mzona,

1982.
Invited Speaker Twenty-first Congress of the Italian PharmacologicalSociety, Naples, 1982.
Special Lecturer to Open Meeting: Role of Taurine in Cadovasmlar System, International SympO-

sium on Sulfur Amino Acids, Biochemical and Medical Aspects and Fifth AnnuaIMeeting of
Japanese Researeh Society on Sulfur Amino Acids, Tokyo, 1982.

chairman: SymposiumIV. International Symposiumon Sulfur Amino Acids, Tokyo, 1982,
chairman: Session on Physiological, Pharmacologicaland Toxicological aspects of Guanidino

Compounds. Intemationd Symposium on Guanidino Compounds. Tokyo, 1983.
Invited speaker Herbal Toxins. Third Annual SouthwesternPoisons Symposium. Tucson, Arizona,

1983.
Invited Panelist Workshop on, ‘1staurinea neurotransmktefl’ Seventeenth Annual Winter Conference

on Brain Research, Steamboat Springs, Colorado, 1984.
Invited speakec Public health implications of p~olizidine alkaloids in foodstuffs. Twenty-seventh

srmual meeting of the Canadian Federation of Biological Societies, Saskatoon, Canada, 1984,
ChairrnamCellular Pharmacology SesSon, Ninth InternationalCongresson Pharmacology,London,

1984.
Invited Speaker to close meeting: Symposium on taurine, Hanasaari, Ftid, 1984.
Invited Speake~ First Annual He@Flinn Scientific Conference,Phoenix, A.xizona,1985.
DiscussionLeader Symposium on taurine and cellular development in newous tissue, Sixth Inter-

national Meeting of the International Society for DevelopmentalNeuroiciences, Queretam,
Mexieo, 1986.

Chahmam Session on taurine: Nutritional and developmentalaspeets. Symposiumon Taurine and
Related Compounds,San Miniato, Italy, 1986.

Invited ConsultarmWorld Health OrganizationInternationalProgram on Chemical Safety - Environ-
mental Health Task Force on Pyrrolizidine Alkaloids,Tashken~ USSR, 1986.

3
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NIH Site Visitoc Institute for Basic Research in Developmental Disabdities, Staten Island, 1987.
Chairman: Membranes and Transport Session,Thirtieth Annual Meeting, Western Pharmacology

Society, Molokai, 1987.
Invited Speaken Council for Tobacco Reseamh Annual Meeting, Naples, Florida, 1987.
ChairmamSession on Physiological,Pharmacological and ToxicologicalAspects of Guanidino .

Compounds,InternationalSymposium on Guanidino Compoundsin Biology and Medicine,
Shizuoka,Japan, 1987. +

Invited Speaker, Second Arizona Heart Association/FlinnFoundation Scienti]c Conference,Phoenix,
Arizom, 1987.

Invited Speaker InternationalSyn&ium on ‘Taurine and the Heart’, loth Annual Meeting of
Japanese Research Society on Sulfur Amino Acids, Osaka, Japan, 1987.

Chairman:EthnotoxicologySymposium:Thirty-first Annual Meeting, Western PhaxmacoIogySociety,
Tucson, Arizona, 1988.

Invited Speaken EthnotoxkmlogySymposium- Pharmacology of Bites, Stings and Poisons, Thirty-first
Annual Meeting, Western Pharmacology Society, Tucson, AdzOn&1988,

Co-Chairman:Minisymposiumon Taurine, FASEB, Las Vegas, 1988.
Chahman: Session of taurine interaction with excitable membranes, Symposium on Tawine in

Excitable Tissues: Biological and Clinical Aspects, Moguer, Spain, 1989.
. Invited Speaker to conclude meeting: Symposium on Taurine in Excitable Tissues: Biological and

Clinical Aspects, Moguer, Spain, 1989.
Invited Speaken Taurine e Tessuti Eccitabili, University of Bari, Italy, 1989.
Invited Speaken International Symposium on Drug Safety, Ottawa, Canada, 1989.
Invited Speaken The Emil Aaltonen Symposium on the Healthy Brain, Tampere, Finland, 1990.
Nomenclature Committee, International Society for Toxicology, 1990-
Invited Lwturec 64th Annual Meeting of the Japanese Pharmacology Society, Kobe, Japan, 1991.
Invited Lecturer: Canadian Society of Hospital Phamnacists, Toronto, Canada, 1991.
Invited Speaken Symposium on “Perspectives on Food Safety: Natural Toxicants”, 105th Annual

International Meeting of the Association of Official Analytical Chemists, Phoenix, Arizona 1991.

Honors

Roben S, Flinn Established Investigator Award, The Flinn Foundation and the Arizona Heart
Association, 1984-1987.

Editorships etc.

Chemical Abstracts Abstracter
Associate Editor, Life Sciences
ConsultingEditor, NeurochemistryInternational
Literature Conwpondent, Trends in Pharmacological

Sciences
Editorial Board, Acts Neurological
Editorial Council, Toxicon

Memberships

The Chemical Society (London)
AmericanChemical Society
American Associate for the Advancementof Science
American Association of University Professors

1967-1972
1973-1975
1980- cummt

1981- current
1981- current
1982- current

1963-1975
1968-1975
1972-1984
1971-1978

4
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Western Pharmacology Society 1974- Cunvnt

American Society for Pharmacology and Experimental Therapeutics 1974- current

The Hastings Center 1981-1990

International Socie~ on Toxicology 1982- current

HonoraryMember, Japanese Society for Sulfur Amino Acid Research 1983-1987

InternationalSociety for Neurochemistry 1989- cun-ent “
+
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Teaching Materials

Videotape: CardiovascularActions of Taurine (63 minutes). English o@iml; translated into Japanese,
Taisho Pharmaceutical Company,Tokyo, 1982. Copy in Universityof Arizona medical library.

Hefial teas and toxins: novel aspects of pyrrolizidine poisoning in the United States, and herbs along
the westernMexican-Americanborder. Syllabus materials. Third Annual SouthwesternPoisons +
Symposium. Tucson, Arizona, 1983,

Audiotape: Dr’s Interview - the significimceof twine and the toxici~ of alkaloids in hefis, with
accompanyingJapanese/Englishtexts. Published by Medical View Co., Ltd., Tokyo, Japan, 1991.

6
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MALONE, MARVIN HERBERT, pharmacologic t/toxicologist, educator,
editor, researcher; b. Fairbury, Nebr., Apr. 2, 1930; S.

Herbert August Frederick and Elizabeth Florinda (Torrey) M.;
m. Shirley Ruth Cane, Dec. 21, 1952; children: Carla Margaret,
Gayla Christa. B.S. in Pharmacy, U. Nebr., 1951, M.S. in
Physiology and Pharmacology, 1953; Ph.D. in Pharmacology and
Pharm. Scis., 1958; postgrad. , Rutgers U., 1954-55. Asst.
U. Nebr., Lincoln, 1951-53, 1956-58; research asst. SquibU
Inst. Med. Research, New Brunswick, N.J., 1953-56; asst. prof.
U. New Mex., Albuquerque, 1958-60; assoc. prof. U. Corm.,
Storrs , 1960-69; prof. pharmacology and toxicology U. of
Pacific, Stockton, Calif., 1969-84, disting. prof., 1984-90,
chair. Dept. Physiology and Pharmacology 1969-70, 1987-90,
emeritus prof. 1990-date; head Wormwood Associates, consult.
services 1990-date. Consultant: Drug Plant Labs., U. Wash.,
1960-64; Research Pathology Assoc., 1967-70; Amazon Natural
Drug Co., 1967-70; Atlas Chem. Industries Inc./ICI USA Inc.,
1968-78; Northeastern U./SISA Inst. Research, ”1977-82; Task
Force on Plants for Fertility Regulation, WHO Spl. Program
for Research, Devel. and Research Trn. in Human Reproduction,
1982-88. Governor’s appt. State of Calif. Medical Therap.
and Drug Advisory Comm., 1985-90. Author: Experiments in the
Pharmaceutical Biological Sciences, 1973. Editorial bd:
Jour. Natural Products: Lloydia, 1971-date; Jour. Ethnopharma-
cology, 1978-84. Editor: The Wormwood Review (literary),
1961-date; Pacific Information Service on Street-Drugs, 1971-
78; Am. Jour. Pharm. Education, 1974-79; Pharmat, 1984-87;
Jour. Ethnopharmacology, 1985-date. Contbr. 225 articles to
profl. jours. Recipient: U. Pacific Distinction of Merit,
1980; Am. Assn. Colleges of Pharmacy plaque for outstanding
services, 1980; Mead Johnson Labs. award, 1964; USPHS grantee,
1960-63, 1968-73; U.S. Army grantee, 1962-63; U. Corm. Res.
Found. grantee, 1964-68. Fellow: Am. Found. Pharm. Educ.,
Am. Inst. Chemists; AAAS. Member: Am. Sot. Pharmacology and
Exptl. Therap., Western Pharmacology Sot., Am. Sot. Pharmacog-
nosy, International Sot. Ethnopharmacology (founding mem.),
Am. Pharm. Assoc., Acad. Pharm. Scis. (sr.), Am. Assn. of
Colleges of Pharmacy, Sot. Econ. Botany, Am. Assn. Univ. Prof.,
Sigma Xi, Rho Chi, Phi Lambda Upsilon, Phi Kappa Phi.
Specialties : screening and assay of natural products from
plants and higher fungi, biometrics, pharmacology of inflam-

- mation and antiinflammation, pharmacodynamics of psychotropic
and autonomic agents, fertility regulation. Home/office:
722 Bedford Road, Stockton CA 95204-5214. Telephone: 209-
466-8231.

Revision: 10SEP9O


