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R No. DE AUTORIZACION
SECREVARIA P )
DE  SALUD AUTORIZACION ,m DE mpoﬂﬂ-%:mn 95107662~ 2
FLUaNG O INTERNACTION ERDPUERTO INT. DE LA CD. DE MEXICO

L rox Tudei tx 08 ARTICULOS 39 FRACC. XII Y m
% LA LEY GENUR& DE SALUD, 129, 131 Y155 DEL:
L3TABLT ATk, PRODUCTOS Y SERVICIOS, ART. 13 rm’:,t;i u-l usamno xmxoa ne LR sstvemm DE SALD, SE EXPIOE LA PRESENTE
f4!TCRT RGO €X FAVCR DE - . .

2L, =30 % CONTRIBUYENTES

PP —

— ——

£7TI3ILITH LA MERCANCIA mwm ;uws DE LOTE| CANTIORD UNIDRD VALOR M.E.

| GUESGRECH, EVERIEN ym; L maa 23,89 PRILETES 158.47
EVERGREEN, EVERGREEN %R TINAL 92.88  PROVETES 633,88
CALLT BEVERAGE, CRL!.T BEVERAGE L 2AmANY T B1EToMM 239.00  PAGUETES 1818. 14
CiL! BEYERAGE, Ll | EVERRGE - 21069999 - 013004R4 480,98  PAOUETES 2044, 89
KUPLUS 42 COMBO. NJRLUS 42 COMBD T AR AU 510,80  PRDUETES 516639
LIUT FIYE,LIZUT §IVE O R kT %B.00  PRGUETES 2734

SUNECTAR, SUNECTAR
SUNECTAR, SUECTQn

QISR

L Rae1ZiT02 A% SE DEBERAN CUSPLIR snti-ei m’.’ues‘tm.

£N CRSD O AECONOCINIENTD ADUANAL DERERD mbm a umnu DEL CERTIFICADD DE LIBRE VENTR EXPEDIDO POR EL

; DEFARTAMENTZ DE SALUD DEL ESTADO DE CALIFDRMIR: mmgs UNIDOS CON FECHA 29 DE.NOVIDKBRE DE 1994 GLE ARPARR LOS

| FRODUCTOS R IMPORTAR. ESTR AUTORIZACION. ESIDNFOR:UNA SOLA VEZ, EL ORIGINA DEBERR QUEDRR CON EL PEDINENTO
RDUANRL. ESTA AUTDRIDAD SE RESERVA FAC!.I.TADES ﬂ,E' J.E mnm LA LEY PARA LR EVALURCION POSTERIOR DE SUS PRODUCTOS,
EN CONFORMIDRD CON LOS ARTICWLOS 216, 286 8- . l'.€ M Y OS‘DE eu RERMTO EN LA MATERIA, EN
DROXIMAS IMFORTACIONES S CERTIFICRDD' bz ‘

VIGENCIA
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————— —- WGBSR, ,\,Uﬂplﬁ,ll‘llg){ BHISHUQUS 06 CUIQUNT Uupo 3 base de
: . o productos vegetales, de =8 o exiracios de origen vegetal 0 animal o
simliares 0 equivsients. . sus mezclas & excepcién de aquélos
considerados medicamentos.
. La Duocaén Ganeral de Control de (ngumos pm la Salud expedirs lag cu(onzecloncs previas do imponacidn de les
siguientes fracciones arancelarias: i
1211.50.08 2937.25.05 - . 2030.20.0¢ 3003.40.03
1211.90.99 2937910V - 2938.30.0¢ . 3003.40.99
! 1302.11.04 - 2037.91.02 .. 2930.40.01 © 3002.90,02
s . 1302.11.03 2037.92.01 : 2939.60.0¢ 3003.90.03
1302.11.99 2937.9202 . - 2939.90.01 3003.90.05
1302.14.92 2937.92.03 2030.90.03 . .3003.90.06 .
1302.19.09 2937.52.04 2939.90.05 ) 3003.90.07
1302.19.99 2937.92.05 . 2935.90.07 3003.90.08
2202.90.0% 2937.92.06 2939.90.12 . . 3003.90.10
- 26811.20.01 -2937.92.07 . 2030.90.13 3003.90.12
2836.91.0% - 29370208 "2939.90.18 : 3003.90.14
2844.40.01 . 2937.92.09 . 2941.10.0¢ 3003.90.15
2844.40.02 2037.02.10 2941,10.02 3003.90.1G
2844.40.99 2937.92.11 . -2941.10.02 . 3003.90.18
2845.50.99 - 2037.92.12 . 2541.10.04 '3003.90.98
2850.00.99 2937.92.13 .- 2941,10.05 . 3004.10.01
2905.11,01 T 2937.92.14 - 29411006 3004.20.01
2910.90.99 . 2937.92.15 -, - 2941.10.07 . - 3004.31.99
291J.00.01 2937.92.16 - . 2941.10.08 " 300AN2.00
2515.90.07 . 2937.%2.47 .. .2941.10.09 . 3004.39.01
2915.80.21 - 2037.92.48 ) 2941.10.10 3004.39.99
2921.19.1¢ 2887.982.19 . 2941.10.11 . " 3004.40.03
2921.49.02 2937.82 20 . 2941.10.99 -3004.40.99
2921.49.09 .2937.929% . 2941.20.0% : 3004.50.01
2022.10.08 . 2937.09 04 . .2044.30.01 3004.50.02
2922.30.04 20370902 . 2944.30.03 3004.50.99
2822.30.00 2937.95 03 . . 2941.30.85 3004.90.02
2922.49.21 2937.95.04 . 2841.40.01 - 3004.90.03
2022.49.22 | 2937.90.05 . 2941,50.01 3004,90.08
- 2922.50.1% 2037.90.06 T 29415098 .. 3004.90.00
2922.50.48 2937.90.08 ., 29419001 3004.90.10
- . 2922.59.09 2937.99.11 ' 2041.90.02 3004.90.12
2024.10.03 2037.90.42 2041.90.03 3004.90.13
. 29241012 2937.995.13 . "29541.90.0¢ - 3004.90.14
2925.19.01 2937.99.14 . 2941.80.0S5 : 3004.90.35 .
2920.00.08 2937.99.10 2341.90.006 3004.90.16
20268.00.99 2037.95.40 - 2041.90.07 3004.90.17
2926.10.06 2337.99.24 . 2941.80.08 +3004.90.18
2031.00.05 2037.99.22 2041.90.09% 3004.90.19
2933.59.01 2037.99.23 2941.90.10 ’ 3004.90.20
2333.55.08 2937.99.25 2941.90.14 3004.90.21 -
2933.59.99 2937.99.27 2944.90.12 . 3004.90.99
2033.00.22 2937.99.28 © 2941.90.13 3008.10.01 .-
2033.90.28 2937.99.29 2041.90.14 3008.10.02
2933.90.30 2937.99.30 2941.90.45 3006.10.009
2933.90.0 2937.99.32 2941.80.16 3006.20.01
2933.90.41 2937.99.33 2541.90.17 3006.20.90
2933.90.42 2932.99.34 2941.90.18 3006.30.01
2933.50.01 2937.99.3% . 29541.90.1% . 3006.30.02
2931.90.99 2937.99.38 . 29419099 3008.40.01
2934.00.06 2937.95.39 3001.10.0% 3006.40.03 -
2924.950.44 2937.99.40 - 3001.20.01 .3504.00.03 *
2934.90.99 2937.99.4% . 3001.20.02 3802.10.01"
2935.00.01 2937.93.49 - 3001.20.08 3002.50.01
2935.00.03 2934.10.01 - 3001.20.04 3023.90.00
2935.00.04 2938.90.03 3001.20.99 3913.00.03
2935.00.05 2938.90.04 - 3001.90.01 4014.10.01
2935.00.00 2538.90.05 . 3001.90.02 9018.19.05
2935.00.07 2938.90.08 3001.90.03 9018.19.07
" 2935.00.08 2938.00.08 3001.50.99 9013.19.08
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‘Secrelatio de Salug; - : ¢ .

-

ra e v eees, Pweses T C pRIEUY, Leyezl Y 2340, 1abICO, 33| como 187 T lerlas primas y aditivos que se uw‘sz;;:'
su "e'hbon'dbn,”m'ewf "1:’::::605 104.w11|. 1’16 y 6a Coordinacién con gobiernos de las entidades hdsmhun
publicados en af Diari. iclal de la Federacién, y en av 230, las entidavot federativas que faculte en el futuro of
Que pars dar cumplimiento s lo establecide en la Léy de Comercio Exterior, .y con el fin ds coddyuvar & que aa
implaments lu reguissién por pare de 1 Secicistia de Saug, ia Comsion de Comercio Exteror considerd sujetar a
regulacién la impontacidn y exportacion tamporal y definlliva de producios ¥ materias primas ralativas 2 slimantos, bebidas
alcohélicas y no alcohdlicas, tabaco, de perfumerfa, belleza y aseo, asl como de insumos para 13 salud: - -
Que con sf objeto de mantensr un marco mgulatorio dere y transpsrente que: permita la agilizacién de las opergciones
del comercic exterior, 8 establece la clasificacidn y codificacidn de los producios y materias primss a que so refiare of
considerando anlerior, comprendidas en las fracciones arancelarias de las Tarifas de la Ley del Impuesto General de

Y E
CANCIAS CUYA IMPORTACION O EXPORTACION ESTA SUJETA A
- ‘REGULACION SANITARIA POR PARTE DE LA SECRETARIA DE SALUD .
ARTICULQ PRIMERO.- Se establece |2 clasificacén y codificacion de las mercanclas cuya importacién temporal y
definitiva esta sujeta a aulorizacidn sanitarla previa de importacién por parte de la Secretaria de Saiud. comprendidas en las
fracciones arancelarias de a Tarifa de 2 Ley del Impuesto General de Importacion que a continuacién se indican, Incluyando
12 impontacién que de dichas mercancias se realica a \a regidn fronteriza y franjas tronterizas del pais: . -
1.- La Direccion General de Control Sanitario de Bienes y Servicios, 3si como los Servicios Coordinados de Salud Piblica
en los estados a2 que se fefieren los acuardos nimeros 104, 111, 116 y da Coordinacidn con los gobiemos de las entidades
federalivas suscritos por el Secretario de Salud, en sus respectivos dmbditos de competencia, expedirdn los avtorizaciones
sanitarias previgs de imponacidn de las siguientes fracciones arancelarias: :

0301.91.01 0303.75.01 . 0307.51.01 . 1302.20.99
0301.92.0 . 0303.78.0¢ . 0307.59.99 1302.32.98
0301.93.01 - . 0303.77.01 '0307.60.01 1504.10.01 °
0301.99.99 0303.78.01 . 0307.91.01 1504.20.0%
0302.11.01 . - 0303.79.99 : 0307.99.99 1507.50.99
0302.12.01 03038001 -, . 0401.10.01 1509.10.01
0302.19.9% 0304.10.01 : 0401.10.99 T 1509.10.99 -
0302.21.01 0304.20.0t - 0401.20.01 1509.90.01
0302.22.01.: .0304.90.99 . 0401.20.99 1509.90.02 -.
0302.23.01 ' 0305.10.01 0401.30.01 1509.90.99
0302.29.9% 0305.20.01 . 0401,20.99 1512.29.99
0302:31.01. . 0305.30.01 °. . 0402.10.01 1516.20.01
0302.32.01. - 0305:41.0V 0402.10.99 1517.10.01
0302.33.01 0305.42.0% « 0402.21,01 1517.90.01
0302.39.99 - 0305.49.01 - .. 0402.21.99 1517.90.02
0302.40.01 0305.49.99 " 0402.29.99 -~ 1517.90.99 .
0302:50.01 0305.91.01 . - 0402.91.01 1702.10.02
0302.61.01 ‘ 0305.61.99 . 0402.91.99 1901.90.02
0302.62.01 0305.59.01. " 0402.99.01 2007.10.01
0302.63.01. 030555.99 .° 0402.99.99 2007.51.01 -
0302.64.01 . 0305.61.01 - 0403.10.01 . 2007.89.01
0302.85.01 : 0305.62.01 ; 0403.50.01 2007.99.02
0302.88.01 0305.83.01 ‘ 0403.90.99 2007.99.03
0302.69.01 0305.69.99 0404,10.01 2007 .$9.99
0302.69.99 . 0306.11.01 0404.90.99 2106.10.01
0302.70.01 0306.12.01 0405.00.U1 2106.10.02
0303.10.01 10306.13.01 0405.00.02 . 2106.90.01
0303.21.01 0306.14.01 0405.00.03 . 3501.10.01
0303.22.01. 0306.19.99 -0405.00.99 3501.90.02
0303.29.99 : 0308.21.01 _ 0406.16.01 3501.50.99
0303.31.01. 0306.22.01 _ 0406.20.01 3502.10.01
0303.32:01 : 0306.23.01 0406.30.01 - 3504.00.06
0303.33,01. 0306.24.01 0406.30.99 3507.50.01
0303.39.99 0306.29.99 . 0406.40.0% 3507.90.02
0303.41.01 0307.10.01 0406.90.01 3507.90.03
0303.42.01 0307.21.01 0406.50.02 3507.90.04
0303.43.0¢ 0307,29.99 0406.90.03 3507.90.05
0303.49,01 0307.31.01 0405.90.04 3507.90.07
0303.50.01 . 03073099 0408.50.05 3507.90.11
0303.60.01 0307.41.01 0406.90.08 3507.90.99
0303.71.01 0307.41.99 0406.90.99 6309.00.01
0303.72.01 . 0307.49.01 1211.20.01 9503.80.05
0303.73.01 0307.49.01 1212.20.01 N

0301.74.01 0307.49.99 1302.12.99 ) ereverense




-~
RN U . e A o aeme -

'95 03/20 11:00 Bo3 ~ ) so11 SUNRIDER JAPAN  +- " “.gal Department @001/003

SUNRIDCR

SUNRIDER INTERNATIONAL JAPAN KX

1712 Higashi Gorands 1-Chome Sunrider Tnternational Japon
Shinagawa.ku, Tokwo 14, Ja

TEL. 03 3411 4300 £ 13-12, Higashi Gotanda , Shinagawa-ku, Tokyo 141 JAPAN
FAX. 0334739011 Tel: 01181-3-3441-4300
T — Fux: ©1181-3-3473- 5011

EAX_COVER MCMORANDUM
Date: March 29 , 1995
Ref.No. :95-0059
TO:  Holly Vanderdonck - Legal Department

From: C.Tsuchihashi - Marketing Coordinator / Sunrider Japan

_ Dear Ms. Vanderdonck:

In response to your fax of MAR/27 regarding Sunectar, please
find attached, Import Notification with a completion stamp from
Quarantine station. The Cnglish translation of the format is
also attuched for your reference. Please note that in the

Import Notification, Sunectar is classified as an additive
(sweetener) .

If you have further inquiries, please do not hesitate to ask us.

Best regards,

C. Tsuchihashi - Marketing Coordinator / Sunrider Japan

CC: R. Wennerholt - General Manager / Sunrider Japan

TR L =T F R S O REBH T PTRLEANTESM | 1Y 1
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. .
@is ¥ ik o — ¥ 1012 " O B RO F &%
@x % £ A H & 64 6 FH 5 11 RO RER U MARK3:AS ADDR
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KEBUaF (tAowanm | SUNRIDER INTERNATIONAL i
FOXRERIFFHEN) . ¥IF ,
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Kb oL 8IS R 1: 3 Hinth UmER ORRAN )
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Ministry of Health und Welfare, Esq.

03 177} s011

SUNRIDER JAPAN

{1 ()

(3).

)

(6)

Import Notitication Form

——

"“-,,-L"F“ pepartment @ouvisuvid

Name and address of imponer
(In the case of vorpuralion, its name ang adaress:)

(Telephone)

{Sramp)

{6) J Food, addilives: aooaralﬂ
- Classification of . :
Do nol fill in the klanks in the bold frame. essihcalion ol ago __°°“‘°'“°"?°°“°9°-" of to
{7) Code of aricke name Article name
(8) Weight of cargo Cxiantity nf ramo C5-CM-BG
{9) Code uf mponer Type of packing
(10) Prdinitry wuriry of Use
manufacturing country Fon of shipment
" Gude ot Manulacuurer Date of shipment year month day
(11} Code of port for clearanco Puil it wniloading
{12) Date of arrival Mark or number
(13} Date of notification of cargo
Siwy Nane v
In the case of pronassad faod, Aircratt fight name
ingredients, and maiulaclwing
o pennpscing method Warchouse  [Name and address
Ia the case of apnaratus, hx storage
comainer-pachayes w Loy,
s matedals Nate of
annivel ol Gairgu
In the case of chemically synthe- Inhe case of processed food,
sized additives. or foods enntaining name and address of
non-chemically synthesized manulacwyrer of processos
addiives for which sperificatinns {in the cace of corporation,
or standards are provided, #is name and addrass),
name of the adddivas 3nd name and addrocs of
ManuTCIUNNgG Of ProCesSING
in tha case of peapasations plant,
containing chentical sy ilnelicy,
thelr ingradiems In the £2s6 of (oode ofher than
(In either cases eacluding processed foods:
substances used lar flavoring) producing placo
txpenence of accident,
K any, it: sutline
Note:
Stamp for completion
of impon notilication
(3¢}
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DEPARTIEMEN KESEHATAN RI
DIREKTORAT JENDERAL PENGAWASAN OBAT DAN MAKANAN
JI. Percetakan Negara 23, Tromol Pos 143, Jakarta 10560, Telp. 411781, 415267

PERSETUJUAN PENDAFTARAN

Sesuai dengan Permenkes No. 382/MENKES/PER/VI/1989 tentang Pendaftaran Makanan dan SK Digen
POM tentang Petunjuk Pelaksanaannya, dengan ini kami memberikan persetujuan pendaftaran makanan di
bawal ini:

Nama makanan : rood Supplament (Fruit ':xtracts)
Nama dagang : GUNSCPAR '
Jenis kemasan . Flastil
4a. Nama pabrik/perusahaan OSUHRIT L Tt AV IGHAL
L. Alamat 1 5111 Jomita Bozlevard Torrance California Y0505
Sa. Nama perusahaan pemberi
lisensi/perusahaah asal : -
b. Alamat : -
6a. Nama importir/perwakilan
pabrik luar negeri + PT A3COCT 1My LGUIG COXXOWATION
b. Alamat

-

Cedun:: Livig. J) wohid Hasyim Ko 76 Jaiarta lusat
- " dengan nomor pendaftaran

i RPTIA AR ERR [T
R T TR N I T ST WP IR TR
z
)
3
—~
o~
\’53
™
)
o3
o
=
™~
—
SN
o
~
&
)

dan dengan label seperti terlampir.

Nomor pendaftaran ini berlaku untuk seterusnya dan dapat dicabut/dibatalkan scsuai dengan ketentuan
yang berlaku.

Jakarta, .. 5  hopember 1991

a.n. Direktur Jenderal Pengawasan
Obat dan Makanan
Kepala Direktorat Pengawasan
L J’\Ma’l(clagn dan Minuman
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. '—"RODUC. ner;.'smq'wcws

S6.70-E1

—

6LV,

a Pnooucr TYoF < ccm-‘m 8ECG. _ NEH'COMPA . ... REG.
N R . - Lo NG ey ey NOG.
' FOOD lwn_us—m._ﬁuvms(trrsvsv SpE0/32 Wmmm qer'avs - . 21224706
i3 { suwrroEsr vITALTE 1 (ACTION CRFS) /= | SUNRDERYITELTE § : - S0f3E.
{ o swnbenmmzcabw—mmaa_pm S.D.972533 VITAUTE DELIGHT . 50052557
A | SUNNESTAR( SUNCARE) . . epresIE VIAUTE DEGHT— Clomamor | S.0.912597
o { : : : . = Lewon . L SD9225%7
j VITARRUTT - - S.0.60r2537
i *  SUNNY DAYS HONEY & LEMON 277%¢
i o SUNNY DAYS HOVEY & ORMNGE 28/3¢
: * SUNBAR WITH HONEY o _ S$.C.325%7
¢ MARGO SUNBAR WITH HONEY $.0.92577
*  CHERJY SUNBAR W™ HONEY _ $.G.8/2537
o PINGAPPLE SUNBAR WITH MONEY — $.G24/2557
« BANANA SUNBAR WITH NONEY S.0.25/2537
| o  pROMBVS SECRET SUACE Nl
TOTAL 8 [TEMS : - TOTAL 16 (TEMS T
TRADITIONAL MEDIZINE lconce X9
- |PRVHEAGMN
| ASSIMT_AID
laiFrea 2o C
r et
; | QURVARY
{ FBEATONE

| DANDELION

P Y R |
:‘_1V'TAIA575

B L ':mu:sr.-sns

KOREAV"’VS’!':‘G‘MC' IR

% aa awTHHL d3Q1aNNS

/aFem 1,.C>

4

WWME a,mowrmoquv

* nct V‘e‘ Sean sofd Ir‘ olw
*~~ registraticn in progress ! Acacrcans Vitalte Bar
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B0 0 July 27, 1995
]

Ms. Ruth Bandler

Office of Special Nutritionals

U.S. Food & Drug Administration (HFS-456)
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 leaves, 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

ety H Vindordos.

Holly A. Vanderdonck
Associate Counsel

HAV:kdm
Enclosure

cC: Patrick Noonan, Esq. (w/encl.)
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Stevia rebaudiana leaves

Prepared for Herb Research Foundation

by

A. Douglas Kinghorn, Ph.D.
Professor of Pharmacognosy
College of Pharmacy
University of Hlinois at Chicago
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March 16, 1992
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SUMMARY AND CONCLUSIONS

1. Stevia rebaudiana, a plant native to Paraguay and Brazil, is the source of the higl;]_y
sweet diterpenc glycoside, stevioside, in addition to other sweet substances,
such as rebaudioside A. Extracts of §. rebaudiana amd/or stevioside, are
currently approved as sweetening agents or food additives in Japan, Brazil, and
South Korea. Products from this plant are used as herbal preparations in
Paraguay and the People's Republic of China, and have also been available for

sale in the United States for several years.

2. Among certain indigenous peoples of Paraguay, Stevia rebaudiana hag been employed
to sweeten bitter-tasting beverages and tobacco for ceaturies, and has been

consumed there as an ingredient of medicinal herbal teas for over 40 years.

3. Since the 1970s, Stevia rebaudiana extracts and purified stevioside have been utilized
in Japan for sweetening foodstuffs and beverages, and in 1988 such products
constituted the largest component of the *high-intensity” sweeteaer market in
that country, with 41% of the total market share. There are now over 70 S.

rebaudiana-containing products on the Japanese market.

4. In the late 1980s, Stevia rebaudiana extracts-and stevioside (devoid of certain

hydrolytic products) were approved in Brazil for the flavoring and sweetening
of various classes of foods, in addition to soft drinks,

5. Stevioside, the major sweet diterpene glycoside constituent of Srevia rebaudiana
leaves, has several desirable properties not associsted with most “high-intensity"
sucrose substitutes, in that it is stable to acids and heat, and nonfermentive. It

does not tend to discolor when heated, and has acceptable hedonic properties.
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6. Despite there having been an estimated Japanese consumption of stevioside of over 85
metric tons in 1987 (a figure increasing annually), there have been no adverse
seactions reported in the n;edical or scicntific literature as a consequence. Sihce
no unegative clinical reports have appeared as a result of the consumption of
Stevia rebaudiana products in any of the countries where they are available, it
may be concluded that, on the basis of these observations, these materials

present virtually no toxicity risk to humans.

7. It is estimated that there have been well over 500 scientific articles on Srevia
rebaudiana and its sweet diterpene glycosido constituents. These articles
comprise reviews, rescarch papers, and pstented procedures. Included are
veports on the chemical analysis, cultivation, phytochemistry, purification
methods, safety a..ssessment, and sensory cnhanccment procedures for §.

rebaudiana and its sweet principles.

8. Crude and purified Stevia rebaudiana extracts have been tested for acute and subacute

toxicity in rodents, and may be considered safe for human consumption on the

basis of this work.

0. In a chronic toxicity study carried out in Japan, wherein male and female rats were fed
Stevia rebaudiana extracts for up to two years, no significant dose-dependent
changes were found i relation to test animal appearance, growth,
hematological or blood biochemical values, and the weights and macroscopic
and microscopic characteristics of excised organs. Neoplasms that were
observed were not attributsble to the administration of §. rebaudiana extracts.
This study again suggests that these sweetener materials are safe for human
consumption, and, in addition, indicates a lack of carcinogenic potential by the

constituents of S. rebaudiana leaves.
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10.  Although it has becn claimed in & single brief experimental paper that an aqueous
extract of Stevia rebaudiana produced antifertility effects in male and female
tats, such observations have mot been confirmed in subsequent mdre
comprehensive investigations for either male or female lsboratory animals,
There is also no evidence that S. rebaudiana extracts or their constituents

produce terstogenic symptoms in rodents.

11. Several mutagenicity tests performed fn a number of laboratories on Stevia rebaudiana
extracts and constituents have all afforded negative data.  However,
metabolically activated steviol, the aglycone of the S. rebaudiana sweet
constituents, has been shown by three different lsboratories to be mutagenic in a
forward mutation assay. Untreated steviol was not mutsgenic in this manner,
and the chemical nature of the active steviol metabolite(s) is not yet clear.
However, these mxf{agenicity results might wéIl be considered in tandem with
the lack of carcinogenic effects noted s a result of the rodent chronic toxicity

study on S. rebaudiana extracts mentioned in paragraph 9 sbove.

12. There have been limited in vivo and in vitro dste published on the metabolism of the
sweet principles of Stevia rebaudiana, although pure stevioside is converted to
steviol and other substances in the vat. No metabolic products of the S.

rebaudiana sweet coustituents have yet been determined for humans.

13.  Several meeting abstract reports from South America, few of which have been backed
up by full pecr-reviewed papers, have provided sore evidence that extracts of
Stevia rebaudiana and stevioside have various types of biological activity,
including hypotensive and hypoglycemic effects. In addition, pure stevioside

and several analogs have been found to have physiological effects in cellular and
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sub-cellular metabolism. The significance of these studies on the use of S,
rebaudiana products as sucrose substitutes is not apparent at preseat.

4+

14. A compound of uncertain structure and source, "dihydroisosteviol”, has been reported
to have wesk anti-sndrogenic activity in a chick-comb assay. However, this
substance is not known to occur naturslly, and has not been identified as ¢

chemical degradative product of any Stevia rebaudiana-derived constituent.

CONCLUSION:

It may be concluded that the vast mejority of the scicutific safety evaluation studies
which have been performed to date endorse the use of Stevia rebaudiana leaf and stevioside as
sucrose substitutés. This is substantiated by the extensive use in Jepan of these products

L.}
without a single adverse report to date.
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L COMMON USE

A. Paraguay

Stevia rebaudiana (Bertoni) Bertoni, a plant native to northeastern
Paraguay and southwestern Brazil, was described in separate reports by Gosling
(1901)! and Bertoni (1905)? 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 tea, giving it also a pleasant
aromatic flavour”. It is indicated in several subsequent review articles or reports
34567 that crushed leaves of this plant have been used by the Guarani Indians in
Paraguay to sweeten the maté 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.”
More recently, however, the practice of using S. rebaudiana leaves to sweeten

maté and other beverages in Paraguay appears to occur only sporadically.’

For at least the last 45 years, S. rebaudiana has been prescribed by some
Paraguayan physicians for the treatment of diabetes® One such product (El
Dulce Te del Paraguay™, L.E. de Gasperi, Asuncién, Paraguay) consists of the
leaves, flowers, and fine branchlets of milled S. rebaudiana. An initial daily dose

- ofupto5 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 pfoduced can be mixed with juices of lemon, orange, or pomelo,
or can be consumed with maté. Based on an expected yield of 5-10% w/w of

stevioside in the leaves of S. rebaudiana’, the 5 g starting dose of the tea would
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contain 0.25-0.5 g of stevioside, 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 matarial
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. rebaudiana teas in
this manner (see Section I1.G.3 of this report), it is significant that this prescription
product is claimed to have a wide margin of safety. In a recent report, it was
pointed out that indigenous peoples in Paraguay have had the custom of
preparing small capsules containing §, rebaudiana leaves to relieve physical and

emotional fatigue.’

According to Jacobs?, 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. rebaudiana teas in

Paraguay.
B. Japan
1. Overall History

The introduction of Stevia rebaudiana 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
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Hokkaido.? It has been reported that the plant was also imported from
Paraguay in 1970 to the Cultivation Station of the National Institute of
~ Health at Kasukabe in Japan.!! By 1979, Japanese commercialization cif S.
rebaudiana had been very rapid, which is attributable to several facts.
First, by that time, sucrose consumption was being curtailed for health
reasons concerned with obesity, diabetes, and dental caries. Second,
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.!! Research in Japan has led to
cultivated varieties of S. rebaudiana 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 Asia,
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.?? 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., Tokyo; Sanyo Kokusaku Pulp Co., Ltd., Tokyo; Sekisui Kagaku
Kogyo Co., Ltd., Osaka; Tama Seikagaku, Co., Ltd., Tokyo; Tokiwa
Seikagaku, Co., Ltd., Tokyo; Tokiwa Shokubutsu Kagaku Laboratories
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Co., Ltd,, Chiba; Yoto Foods Co., Ltd., Tokyo# According to a recent
Paraguayan report, in Japan there are now 14 companies dedicated to the
processing of S. rebaudiana, with 40 companies involved in the elaborat;ion
of some 70 S. rebaudiana containing products, inclusive of canned goods,
foodstuffs, pickles, sauces, and sweeteners used in the production of bakery

goods, ice cream and soft drinks.?
2. Form in Which Used

In Japan, Stevia rebaudiana 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-500™ and
Histevia-100™, which contain stevioside in about 50% and 10% purity,
respectively. The "ballast” 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. rebaudiana extractives are combined with
glycyrrhizin (another natural sweetener), sodium citrate, and "natural
material".!!  Similarly, another company (Maruzenr Kasei Co., Ltd.)
manufactures various products in the Malmiron™ line, with up to 50%
stevioside, with or without glycyrrhizin.* 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 exemoplified by the Chrysanta™ product line (Dianippon Ink
& Chemicals, Inc.). Four S. rebaudiana products, namely, Stevia extract,

Stevia essence, Stevia powder and Stevia sweetener, were included in the
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List of Food Additives Excluding Chemical Synthetics, published in 1989 by
the Ministry of Health and Welfare, Japan.1s

3 Categories of Foods in Which Used

A detailed analysis of the Stevia rebaudiana-derived sweetening
products sold by Maruzen Kasei Co., Ltd. has been provided by
Kazuyama.!® 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 Edahiro and Kazuyama!* have itemized S.
rebaudiana-containing 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 wjv. For example, in a formula for a carbonated beverage,
the following ingredients were stipulated: granule sugar, 17.8 kg; I—Iistevia;
100™, 147 g; citric acid, 280 g; sodium citrate, 22 g, cider essence, 220 ml,
and carbonated water to 100 liters. As this S. rebaudiana formulation
contains 10% stevioside, 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 manner, it was
claimed that the heavy sweetness of sugar was removed, leading to more
refreshing and "straightforward" drink.1 The high-rebaudioside A-
containing . rebaudiana product, Chrysanta AX-P™, 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 Safety Review, page 10



and seasonings.* Recent figures indicate that S. rebaudiana 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.12

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 miso (bean paste) products are
usually formulated with high levels of sodium chloride, a preserving and
flavoring agent, and stevioside has been found to possess a mellow taste
that suppresses the pungency of sodium chloride.!* 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 vis also regarded as possessing preferential hedonic
attributes when compared with glycyrrhizin. Unlike the latter substance,
stevioside does not precipitate at the acid pH levels (cica pH 3)
characteristic of many soft drinks.16 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.!

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 S.

rebaudiana leaves used in Japan, 70% of this quantity was cultivated in
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Japan, with 20% grown in Korea, and 10% elsewhere. 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 \;rast
majority (75%) of the S. rebaudiana 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.1217 ]t
has been calculated by Yamada and co-workers (1985) that if S. 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.18
S. 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/w
yield of stevioside in S. rebaudiana 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.4 %17
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C. Other Countries

1. South Korea

4

Stevioside is approved for use as a food additive in South Korea
and, after isolation from the leaves of Stevia rebaudiana, 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.’® 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.!? 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 rebaudiana leaves cultivated in
China are exported to Japan, the plant seems to have only a limited local
use in the PRC.2 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.!
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3. Brazil

Extracts of Stevia rebaudiana and stevioside are now approved for
several dietary applications in Brazil. Initially, two products, S. rebaudiana
tea and S. rebaudiana capsules (Eyra Distribuidora de Productos
Alimenticios e Vegetais, Ltda.) were officially approved for sale in Brazil in
1980.2 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 January, 1988, S. rebaudiana extracts
(purified so as to contain a minimum of 60% stevioside) and pure
stevioside (free from steviol and isostéviol) 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 sweetener; (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. rebaudiana tea products (Stevia Tea™) which
were introduced to the Brazilian market by Ingé Stevia Agricola Ltda.,
Maring4, 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 Tea™ is available in ten

different flavors, and may be prepared either as a hot or cold (iced)
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beverage.? In addition, stevioside is now used in Brazil as a tabletop

sweetener, and employed in beverages and yogurts.??

There has been concomitant increased scientific interest in S.
rebaudiana 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 was
sponsored by the Brazilian Company of Agricultural and Livestock

) Research (EMBRAPA).2

4, United States

A recently published report indicates that Stevia 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 Swientek? as marketing a S. rebaudiana 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".?

Stevia rebaudiana Safety Review, page 15



D. Evidence Demonstrating Safety Based on Common Use

Stevia rebaudiana and its extracts have a history of human consumption dating
back several centuries, with widespread official use in foods and beverages in Japan f;;r
nearly 15 years, and most recently in Brazil. There have been no reports of adverse
health effects resulting from such ingestion of §. rebaudiana or its extracts3.4 217 I
can thus be concluded from these observations that these materials are reasonably safe

for human consumption in the quantities and forms in which they have been used in the

diet thus far.

I SCIENTIFIC STUDIES ON THE SAFETY OF EXTRACTS AND PURE
COMPOUNDS FROM STEVIA REBAUDIANA

A. Acute Toxicity

Crude and purified ‘extracts of Stevia rebaudiana have been subjected to acute
toxicity tests in rats and mice, the results of which endorse the use of these materials
for human consumption. The LDjs, of an extract containing 50% stevioside was
reported to be 3.4 g/kg, when administered intraperitoneally to rats.® S. rebaudiana
extracts containing about 20% and about 40% stevioside (oral administration) exhibited
LDy values for rats of circa 17 g/kg and greater than 42.g/kg ¥ In a smdy performed
in the United States, no evidence of acute toxicity was observed when separate 2 g/kg _
doses of the S. rebaudiana sweet glycoside constituents, stevioside, rebaudiosides A-C,
dulcoside A, and stcviolbioside were administered to mice by oral intubation.
Morcover, no significant differences in body or organ weight relative to controls were

evident at sacrifice two weeks after test compound administration.®

The results of these acute toxicity studies in rodents do not predict any potential

risk for human populations by the ingestion of S. rebaudiana extracts and constituents.
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B. Subacute Toxicity

It has been concluded by Akashi and Yokoyamas that laboratery cl‘}ow
containing up to 7.0% w/w stevioside produced no untoward toxic effects, when fed to
male and female rats for nearly two months. In their study, groups of 15 male and 15
fomale rats were fed water extracts of S. rebaudiana containing stevioside lovels in the
feed of 0.28% (group A), 1.4% (group B), and 7.0% (group C). Body weights and
food consumption were measured, and 2 mumber of hematological and biochemical
tests were carried out. Each animal was sacrificed and autopsied at the end of the 50-
day study, and pross observations on the major organs were made. Tissues were taken
from 10 male and 10 female animals in each group for histopathological examination.
Approptiate statistical analyses were carried out on all data obtained. No deaths were
observed during the entire study, nor were th:ré any unuseal symptoms noted among
the animals. Responses tc;. light and sound, the appearance of the feces, the luster of
the hair, and movements were afl normal. There was e significant decrease in body
weight in males of group C (high dose, 7.0% stevioside) beginning in the fifth week of
the experiment. In contrast, there was an increase in the female body weights of group
A (low dose, 0.28% stevioside), similar to the control groups. No marked differences
were noted in any of the groups in terms of food consumption relative to controls.
Some differences were noted in hematological parameters studied, but they were
randomly arranged, and were within normal physiologicai limits. Any changes in the
biochemical parameters measured during the study were not dose-related, and were
considered to be normal. There were no significant differences in the urinanalyses
relative to controls. Organ weights and gross characteristics on autopsy were

considered to be normal following correlaion with non-dose-related differences seen

with the histological cxaminaﬁons of the lung, hean, liver, kidney, and bone marrow.n
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A subacute toxicity study was carried out on rats using an aqueous extract of S.
rebaudiana sontaining about 50% w/w stevioside. Two levels of extract were mixed
with Iaboratory chow for feeding studies, allowing each animal to receive either 0.25 g
or 0.5 g stevioside in 15 g of feed per day. Animals were fed the experimental diets for
S6 days, and then sacrificed. Various parameters were measured during the course of
the investigation, such as body weights, hematological measurements (red and white
blood cell counts, hemoglobin, hematocrit), blood chemistry (total protein, albumin Ai-
, A2-, B-, and (')-globu.ﬁn, glucose, triglycerides, total cholesterol, creatinine, ures,
inorganic phosphate, glutamate- oxaloacetate transaminase, and lactic dehydrogenase),
and histological examination of liver tissue. 'Iimrc were no sbnormaelities relative to

-controls reported that were dose-related, except for a significant decrease in serum

lactic dehydrogenase levels.s

Neither of these tv;o subacute toxicity studies would predict any potential harm

on ingestion of S. rebaudiana extracts by humans.
C. Chronic Toxicity - Carcinogenicity

A chronic toxicity study on the ingestion of Stevia rebaudiana extracts has been

conducted in Japan.is A hot-water extract of S. rebaudiana leaves was purified so as
to contain the equivalent of about 95% total sweet glycosides (74.5% stevioside and
16.3% rebaudioside A). Male and female F344 tats were fed with laboratory chow
containing either 0.1%, 0.3% or 1.0% by weight of the purified plant extract.
Altogether, 480 rats (240 of each sex) were employed, and divided raudomly into four
groups that were comprised of control, high- and medium-dosed animals (70 males and
70 females each) and low-dosed animals (30 maics and 30 females). The upper dose
employed (1% of the total feed) took into account a calculated daily humen intake of S.

rebaudiana sweeteners in Japan (4 mg/kg/day), and allowed 2 safety factor of 100.
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‘rhe duration of the investigation was 22 mouths for the male ratg and 24 months for
the females. After periods of six and 12 m&nths, 10 males and 10 femasles from each
group were sacrificed for clinical and histopathological examination. Individual body
weights and food consumption levels were recorded at one-week intervals, with water
intake measured weekly for the first 48 weeks of the study and every four wesks
thereafter. Rats were checked daily, and moribund animals were sacrificed and
subjected to histopathology. Urinalysis, as well as hematological, blood biochemical,
and pathological examinations were performed on the control snd dosed animals,

Statistical methods were used to properly evaluate the test data obtained.is

While the growth rate of the low-dose (0.1%) group was similar to that of the
controls, growth was depressed slightly after week 69 in males and after week 11 in the
females in the medinm-dose (0.3%) group. Transient growth retardation was observed
in the high-dose (1.0%) group between weeks 23 and 50 (males) and between weeks
60 and 75 (females). After week 69 (males) and week 79 (fomales), the weights of the
rats tended to decrease in all groups, including the controls. The general appearance
and behavior of the animals were the same in all groups, including the controls.
Mortality at the end of the study did not differ significantly for S, rebaudiana-extract
treated animals when compared to the controls. After urinalysis, no dose-related
changes were found, except for an increased incidence of proteinuria in females after
six months. Also after this time-period, dose-related increases in erythrocyte couats
and decreases in mean corpuscular volume and mean corpuscular hemoglobin were
obsecrved in male rats, with decreased erythrocyte counts in female rats. However, the
differences between the hematological parameters of the dosed and control rats after 12
months were not statistically siguificant. Administration of the S. rebaudiana extracts
for six months caused a increase in blood glucose for animals of both sexes, and

decrcases of blood glutamate-oxslacetate transferase, glutamate-pyruvate transaminase,
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and triglycerides in females. No significant differences in blood biochemical values
occurred between any of the four groups of animals either after 12 months or at the-end
of the experiment. Organ weights of the liver, kidneys, heart, prostate, and testes were
significantly increased in males relative to controls in the high-dose group after six
months. Analogous (six-month) data obtaimed for females in the high-dose group
indicated significant decreases in ovary weights and increase in liver weights. Again,
changes in organ weights for all dosed animals employed in the study were not
significantly different from controls after 12 months or at the end of the study.u

A variety of non-neoplastic histopathological findings were recorded, and, in
most cases, both animals dosed with S. rebaudiana extracts and control animals
exhibited similar conditions. Changes more common in rats given S. rebaudiana
extracts than in control animals were reduced spermatogenesis, imterstitial cell
proliferation in the testes, .:'nudullaxy cell proliferation in the adrenal glands, atrophy of
the thymus, inflammatory lesions in the trachea and himgs, age-relatod changes of the
kidneys, such as degeneration of tubular epithelium, hyaline casts, and glomerular
sclerosis, and pigmentation and increased hematogenesis of the spleen. A number of
neoplasms were observed, both for the control and S. rebaudiana-dosed animals. The
most common neoplasms in the males were interstitial cell adenoma of the testes and
pheochromocytoma of the adrenal glands, while in the females they were interstitial
polyps of the endometrium and adenoma of the anterior lobe of the pituitary. The

incidence of neoplasms was not related to dose.i

As a result of this protrected and extensive investigation, it was concluded that
uo significant dose-related changes were found in the gréwtb, geooral appearance,
hematological and blood biochemical findings, organ weights, and macroscopic or
wicroscopic observations, as & result of feeding male and female F344 rats with S.

rebaudiana extracts at levels up to 1% of their feed for about two years. It was also
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concluded that any neoplasms that occurred were not attrbutsble to the administration

of S. rebaudiana extracts.us

This is the most extensive safety study performed to date on S. rebaudia‘m
extracts, involving nearly S00 test animals that were treated for up to two years. The
highest dose level administered to the animals represented some 100 times the
estimated daily intake of this sweet material in the human diet. The results obtained are
supportive of tho safety of S. rebaudiana extracts, stevioside and rebsudioside A when

consumed as sucrose substitutes by human populations,

D. Effects on Reproduction

It was claimed in 1968 by Planss and Kuc thet the Paraguayan Matto Grosso
Indians have employed the leaves and stems of Stevia rebaudiana in the form of a tea
as a contraceptive. These workers also reported an antifertility effect for periods up to

two months following the incorporation of a $% §. rebaudiana extract (10 ml) into the
drinking water of both male and female rats.s

Recent field inquiries in various regions of northeastern Paraguay, however, do
not confirm the native usc of §. rebaudiana extracts for coutraceptive purposes.
Moreover, a number of other laboratories have been unable to confirm an antifertility
activity of S. rebaudiana extracts in rats.« In one such laboratory study conducted in
Japan, an extract of S. rebaudiana leaves containing 53.1% stevioside was mix;d with
standard laboratory ration to afford various dosec lovels of stevioside for feeding to
groups of rats. After receiving normsl ration for seversl days, 13-week-0ld wale and
female SLC-Wistar strain rats were fed 2 stcvioside-containing ration for 21 days.
After this period, one male was placed with two femeles for msting. Female rats were
exarnined daily for evidence of & vaginal plug, and this day was considered as day 0 of
pregnancy. On day 20, helf the pregnant animals were laparotomized and the
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remaining half were allowed fo have spontancous deliveries. At the time of mating, the
stevioside-containing rations were removed and substituted with standard laboratory
diet. The data obtained showed a lack of antifertility offects for the extracts tested.
Furthermore, there was no evidence of any teratogenic activities or other abnormalities

in the fetuses or offspring.n

In & Iater study, it was reported that male and fomale rats, maintained with up to
3% stevioside in the diet, exhibited no abnormal signs in mating performance and
fertility. Also, no skeletal or other teratogenic offects attributable to stevioside were

observed in fetuses after birthas

A recent chronic feeding study, carrie¢ out in Brazi) using an aqueous extract of
S. rebaudiana leaves, has investigated the endocrine parameters of male rats thus
treated. The pre-pubescent (immature) test animals were dosed twice 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 measuréments were made (glycemia; serum levels of T3
and Ts; available binding sites in thyroid-hormone-binding proteins (T3R index);
binding of [3H]R1881 to prostate cytisol; zinc content in prostate, testis, submandibular
salivary gland and pancreas; water content in testis and prostate; body weight gain,
fina! weights of testis, prostate, seminal vesicle, submandibular salivary gland, and
adrenal). The group treatod with S. rebaudiana did not differ significantly from the
control group with respect to all pararneters measured, with the exception of seminal
vesicle weight, which fell by 60%. It was concluded that the administration of S.

rebaudiana aqueous extract produced no diminution of fertility in male rats.s

A similar study carried out in France has shown & lack of any anti-androgenic
activity of extracts of §. rebaudiana. Groups of five adult male Wistar rats were given

* orally (for each of 31 days) either a control or one of three test solutions containing an

Stevia rebaudiana Safety Review, page 22



aqueous extract prepared from 0.5 kg' of S. rebaudiana leaves (calculated to contain
2.6% wiw stevioside before dilution). After autopsy, the testicles, prostate gland, and
seminal vesicles of the treated rats were weighed and compared with control values,
Since no siguificant differences were observed, it was concluded that no auti-

androgenic effects by 8. rebaudiana wese apparent.ss

Therefore, all scientific studies subsequent to the Planas and Kuc paper of 1968
have refuted these initial observations of an antifertility affect of S. rebaudiana leaves

‘on male and female rats.

E. Mutagenicity Potential

paﬁiany purified extracts and pure compounds (stevioside, rebaudiosides A-E,
dulcoside A, and steviolbioside) from Stevia rebaudiana leaves have been extensively
tested for their mutagenic activity. Utilizing Salmonella typhimurium strains TA9S,
TA100, TA1538, and TM677, or Escherichia coli strait WP2, either in the presence of
gbsence of a 9,000 x g supernatant metabolic activating system derived from the rat
Tiver (8-9), all of these materials bave been reported a5 nonmutagenic in laboratories in
Japan, Brazil, and the United States seanstzsan Mutagenicity tests performed with
recombiustion deficient {rec-) strains of Bacillus subtilis (H17 and M45) have also
shown several of these substances to be innocuous, both in the presence and absence of

S-9, as have host-mediated tests in mice bearing S. typhimurium strain G46.3

- However, recent studies in the United States, Japan and the United Kingdom,
hgve shown that steviol, the aglycone of S. rebaudiana sweet constituents such as
stevioside and rebaudioside A, is mutagenic in a forward nﬁutation assay utilizing S.
typhimurium strain TM677 in the presence of a metsbolic activating system, derived
from a 9,000 x g supematant fraction obtained from the livers of Aroclor-1254

pretreated rats. Unmetabolized steviol is inactive in this systemscse Furthermore,
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metabolically gctivated steviol also gave positive responses in chromosomal aberration
and gene yutation tests carried out in Japan.» In contrest, however, the Japanese
study demonstrated that activated steviol was not mutagenic in the reverse mutation

assay (Ames test) using S. gyphimurium strains TA97, TA98, TA100 and TA102.3

Several steviol anslogs have also been assessed for mutagenicity under the same
conditions used for steviol, so that & preliminary notion of structural requirements
necessary for the exhibition of a mutagenic response among this class of compounds
might be established. As a result of its generation under the conditions used to produce
a bacterial mutagenic effect by steviol, 15A-hydroxysteviol has been shown to be &
major metabolite of steviol. While this compound was not mutagenic, its closely
related derivative, 15-oxosteviol, was found to be e direct-acting (albeit very weak)
mutagen in the S. typhimurium TA677 forward mutation assay. HlS-Oxostcviol,
however, has not been detected among thé products of steviol metabolism, and it stll
remaing to be shown that this compound can be enzymatically generated from either
steviol or ISA-hydroxystevioL Conversely, it is possible that other' undefined
mutagenic metabolites may be generated from steviol under the experimental conditions
used.a« It should be pointed out that scientists in the United Kingdom recently failed
to reproduce & direct mutagenic response for 15-oxosteviol, when studied in the S.
typhimurium TM677 forward mutation assay, and have therefors challenged the earlier

assertion that this compound is a weak direct-acting mutagen.«

As discussed m section ILF below, steviol is 2 metabolite of both stevioside and
rebaudioside A in rats. Thus far, however, there is no evidence that S. rebaudiana
extracts containing stevioside are biotransformed to steviol by ingestion by humans,
although this cannot be ruled out at this stage. Even if this were found to occur, steviol
itself has not been found to be mutagenic, and would require further transformation in

the body to elicit & mutagenic substance or substances. In addition, by no means are all
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"proven” mutagens carcinogenic, and

several dietary chemicals are known mutagens. For example, when nearly 250
synthetic and naturally occurring food additives were subjected to testing in a
reverse mutation assay using various Salmonella typhimurium 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, Tokyo, Japan.® Also, the results of these mutagenicity
experiments on steviol are perhaps of less significance that those of the chronic
toxicity studies mentioned in section II.C of this reviéw, wherein no significant

incidence of tumor formation was reported in rats dosed for about two years with
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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 vivo and in vitro
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 87-100% Yield after two-six
days. Cell-free extracts transformed stevioside and rebaudioside A more slowly,
with 50% and 7% conversion to steviol of stevioside and rebaudioside A,
respectively, occurring after seven days’ incubation. Wingard and co-workers
(1980)# 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.4

A more recent investigation by Nakayama and colleagues (1986)% 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 small 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 2.3%, respectively. Some evidence was obtained for the occurrence of
enterohepatic circulation in the rat. Steviol was found to be a major metabolite in
the feces, and small amounts of stevioside, steviolbioside, and an unidentified
metabolite 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. rebaudiana 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.*s.
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. rebaudiana 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 dose of S. rebaudiana 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.4 When two concentrations (8 and;16
mg/kg) of pure stevioside were tested by Melis .and Sarnati (1991)4” on
normal male Wistar rats, it was concluded that this substance produced
dose-dependent hypotensive activity. ~ Animals were subjected to
tracheostomy, with the left carotid artery catheterized, and isotonic Ringer
solution containing 10% inulin and 2% para-aminohippuric acid infused i.v.
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/hr; (b)
stevioside used in the same manner as in (a), except at higher dose (16
mg/kg); (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 0 mg (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, the
administration of the capsules caused no perceptible 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. rebaudiana 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 clarify 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.

rebaudiana cause allergic contact dermatitis.
3. Effects on Carbohydrate Metabolism

In section LA of this review, the use was described of teas prepared
from 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 publications#9.5051.525354  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" stu;dy.
They claimed an average 35.2% fall in normal blood sugar levels from
initial values, between six and eight hours after administering the extracts.*
In a Brazilian study, daily administration of an aqueous S. rebaudiana
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® In a laboratory study conducted on rats, a high-
carbohydrate diet containing 10% 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.’

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).52 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 observationssst of

the effects of S. rebaudiana constituents on carbohydrate metabolism.

However, despite the above-mentioned studies, the effects of S.
rebaudiana constituents on carbohydrate metabolism are contradictory,
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)* found 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) 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 0, 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 Cellular and Sub-Cellular Metabolism

A series of studies on the effects of pure stevioside and several
glycosidic and non-glycosidic derivatives have been performed and
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 erythrocytes, rabbit reticulocytes, and in
the isolated, perfused rat liver. In general, S. rebaudiana 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.
3. 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.s
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 3.0-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.s It may be pointed out that "dihydroisosteviol” has never b;en
determined as a metabolic or degradative product of any of the S.
rebaudiana diterpene glycoside sweeteners. The origin of

"dihydroisosteviol" was not stated.
H. Evidence of Safety Based on Scientific Studies

As discussed above, scientific studies have been carried out in several
major safety categories, including acute toxicity303132, subacute toxicity?39, chronic
toxicity!$, and effects on reproduction.3333435 These studies have shown no dose-
related abnormalities that are significant from a safety stand-point, and thus are
supportive of the safety of . rebaudiana extracts for human consumption in the

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

III. BOTANICAL, CHEMICAL AND MISCELLANEOUS TECHNICAL DATA
A. Identity
1. Botanical Description of Stevia rebaudiana

The genus Stevia belongs to the family Compositae (Asteraceae), in
the tribe Eupatoriae, and is an entirely New World genus, with a
distribution ranging from the southern United States to northern
Argentina, through Mexico, Central America, the South American Andes,
and the Brazilian highlands. The number of species has been placed in the

range of 150-300, of which 80 species are known to occur in North
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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 le;vel.
Although they are usually found growing in semi-dry mountainous terrains,
habitats of Srevia species range from grasslands, scrub forests, forested

mountain slopes and conifer forests, to subalpine areas.s

Stevia rebaudiana (Bertoni) Bertoni is a shrub native to elevated
terrain in the Amambay area of northeastern Paraguay and the Iguagu
district of southeastern Brazil, and has the following botanical

characteristics:

"Suffruticose, erect obscurely puberulent, 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-nerved 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
cymes,; corollas with pale purple throat and white limb; achenes
nearly uniform, 15-176 aristate".5¢

S. rebaudiana is known in the Guarani language in Paraguay as Ca4-
€hé, 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 Stevia rebaudiana (Bertoni)

Bertoni rather than Stevia rebaudiana (Bertoni) Hemsley, for reasons of

priority.4
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2. Chemical Constituents of Stevia rebaudiana

While chemical work to determine the structural nature of ;he
sweet principle or principles of Stevia rebaudiana leaves began at the turn
of the century?¢+567, 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, and a second sugar unit occurred as a sophorose unit
affixed B to an alcoholic group of the aglycone.s’s® The structure and
stereochemistry of steviol (ent-13-hydroxykaur-16-en-19-oic acid), the
aglycone obtained on the enzymatic hydrolysis of stevioside, were finally
determined in 1963.% During the 1970s additional sweet compounds were
structurally characterized from S. rebaudiana leaves, including
rebaudioside A, 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% w/w), rebaudioside A (2-
4% wfw), rebaudioside C (1-2% w/w), and dulcoside A (0.4-0.7% w/w).4

The structures of the eight known sweet constituents of S.
rebaudiana are shown in Appendix I (stevioside, 1; steviolbioside, 2;
rebaudioside A, 3; rebaudioside B, 4; rebaudioside C, 5, rebaudioside D, 6;
rebaudioside E, 7; dulcoside A, 8). These coﬁapounds have all been
thoroughly characterized by standard physico-chemical 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.4 'I'hus; for example, stevioside
(Chemical Abstracts Registry Number 57817-89-7) exhibits: mp 196-198°C,
[1p2° -43.2°; CygHoO, 5, and rebaudioside A (Chemical Abstracts Registry
Number, 58543-16-1), mp 237-239°C; [Jp? -18.5"; CyyHO,3. Abstracts
of many patented procedures for the extraction and purification of the S.

rebaudiana sweeteners have appeared in Chemical Abstracts since 1973.45

Several non-sweet secondary metabolite constituents have been
identified in extracts of S. rebaudiana leaves, including labdane
diterpenes46162, triterpenes?, sterols*$3, flavonoids4$4, and volatile oil
constituents.* In addition, the pigments, gums, and inorganic matter
present in the leaves of S. rebaudiana have been investigated.ss The dried
leaves of S. rebaudiana contain about 42% w/w of water-soluble

substances.?
B. Analytical Methods for the Stevia rebaudiana Sweet 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, némely, gas-liquid chromatography

~ (GLC);  thin-layer = chromatography = (TLC)-densitmetry;  colorimetric
determinations; high-performance liquid chromatography (HPLC); and an
enzymatic procedure.* A short review has appeared in the literature on analytical

methods.%

Tezuka and co-workers (1980)¢” 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/min; internal standa{rd,
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 NH,, 25 cm x 04 mm; eluting solvent, 84-70% v/v
acetonitrile-water (pH 5), changed over a period of 15 min; flow rate, 2 ml/min;
UV detector wavelength, 210 nm; temperature, ambient. This method was
applicable to the estimation of stevioside, rebaudioside A, rebaudioside C, and
dulcoside A, the four most abundant sweet ent-kaurene glycosides occurring in S.
rebaudiana leaves of different geographical origin. Prior to analysis, powdered S.
rebaudiana 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 HPL.C methodology has recently been developed that is suitable
for the simultaneous determination of stevioside, rebaudioside A, 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 NH,, (5 mm,
25 cm x 4 mm); mobile phase, acetonitrile-water (80:20); flow rate 0.8 ml/min; UV
detector wavelength 210 nm; temperature, S0C. All types of sample were passed
through a Sep-Pak C;g 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 Stevia rebaudiana 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 10% sucrose concentration.”

The relative intensities of sweetness for the S. rebaudiana sweet glycosides
have been well documented (sucrose = 1): stevioside, 150-300, steviolbioside, 100-
125; rebaudioside A, 250-400; rebaudioside B, 300-350; rebaudioside C, 50-120;
rebaudioside D, 250-450; rebaudioside E, 150-300; dulcoside A, 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.45
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APPENDIX I

Structures of the Eight Known Sweet Diterpene Glycosides from Stevia rebaudiana

Ry Ry

1 8 - Glu 8-Glu-8-Glu (2~-1)
2 -H 8-Glu-8-Glu (2 1)
3 8 -Glu 8-Glu-8-Glu (2 -1)

{
g8-Glu (3-1)

4 -H 8-Glu-8-Glu (2 ~1)
é-Glu (3 ~1)
2 g -Glu G-Clilu-u-Rhc (2+1)
8~Glu (3-1)
5 (2-1) 8-Glu-8-Glu B'?lu-B'GIU (2 -1)
g8 -Glu (3-1)
l (2+1) 8-Glu-8-Glu 8-Glu-8-Glu (2+1)
8 8 - Glu 8~Glua-Rha (2-1)

Glu = D-glucopyranosyl; rha = L-rhamnopyranosyl
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Designated Fellow, Royal Pharmaceutical Society of Great Britain (FRPharmS),
December, 1991.

ORGANIZATIONS:

American Chemical Society; American Society of Pharmacognosy; Convocation,
University of London; Linnean Society - of London (FLS); Old Novocastrian’s
Association; Royal Pharmaceutical Society of Great Britain (FRPharmS; registered
“pharmacist, No. 65192); Rho Chi (Honor Society); Sigma Xi (Honorary Research
Society); Society for Economic Botany.

TEACHING EXPERIENCE:

Undergraduate - 1971-1975 School of Pharmacy, University of London
(Pharmacognosy)
1976-1584 College of Pharmacy, University of Illinois at Chicago

(Pharmacognosy)



1990 Department of Pharmacy, Swiss Federal Institute of
Technology (ETH), Zurich, Switzerland
(Pharmacognosy)
Professional - 1985-1992 College of Pharmacy, University of Illinois at Chicago
. (Chemical Aspects of Drug Action I and II)

Graduate - . 1976-1992 College of Pharmacy, University of Illinois at Chicago
(Research Methods in Pharmacognosy, Advanced
Pharmacognosy I, 1II, 1II, Chemotaxonomy,
Structure Elucidation of Natural Products I, IT)

Continuing 1980-1981 Lecture to Illinois pharmacists, various locations,
Education- "Insulin and Oral Sulfonylurea Therapy"

MAJOR RESEARCH INTERESTS:

1. Isolation, identification, structure elucidation and bioassay of biologically active
plant constituents, in particular those with a sweet taste, and those with
anticancer, antiviral, and skin-irritant activity.

2. Chemotaxonomy (comparative phytochemistry) of plant alkaloids and terpenoids.
3. Phytochemical and toxicological studies on poisonous plants.
4. Qualitative and quantitative methods of analysis of plant constituents.

FIELD EXPERIENCE:

Visit to northern and central Nigeria to collect latex of succulent Euphorbia species
for research, September, 1974,

Visit to Paraguay, Argentina, and Costa Rica to collect plants with a sweet taste,
August, 1987.

SERVICE ON NATIONAL COMMITTEES OF SCIENTIFIC SOCIETIES

American Chemical Society, Agricultural and Food Chemistry Division -
Secretary, Agricultural and Natural Products
Chemistry Subdivision, 1992

~American Society of Pharmacognosy - Constitution and By-Laws  Committee,

Member, 1981-1983

Executive Committee, Member, 1985-1988,
1991-1992

Nominating Committee, Chairman, 1991-1992

Organizing  Committee, 32nd  Annual
Meeting, Member, 1991

Patrons Committee, Chairman, 1990-1991

Past-President, 1991-1992

President, 1990-1991

Scientific Program Committee, Chairman,
32nd Annual Meeting, 1991



Yice President, 1989-1990

American Society of Pharmacognosy
Foundation Board - Yice-Chairman, 1990-1992
Chairman, 1991-1992

Society for Economic Botany - Ad hoc Awards Committee, Member, 1987-

1988, 1990-1991; Chairman, 1989-1990

Ad hoc Future Directions Committee,
Chairman, 1991-1992

Education and Outreach Committe,
Chairman, 1991-1992

Member of Council, 1983-1984

Nominating Committee, Member, 1979-1980,
1987-1988

President-elect, 1990-1991%

President, 1991-1992 '

Program Committee, Member, 1976-1977,
1979-1980; Chairman, 1984-1987

Program and Publiity Committee, Chairman,
1991-1992

Publicity Committee, 1990-1991

Secretary, 1984-1987

Scientific Program Committee, Chairman,
33rd Annual Meeting, 1992

Yice President, 1989-1990

SERVICE ON CAMPUS COMMITTEES, UNIVERSITY OF ILLINOIS AT CHICAGO

Ad hoc Committee on Campus Research Resources and Facilities, Subcommittee on
Mass Spectrometry, 1982

Ad hoc Committee to Review Graduate Program in Oral Pathology, 1988

Ad hoc Credentials Committee, Specialized Center for Cancer Research, Chairman, 1991-
1992

Advisory Committee, Mass Spectrometry Laboratory, 1983-1986

Advisory Committee, Research Resources Center, 1986-1988; 1990-1993

Campus Research Board, Basic Life Sciences Subcommittee (Intramural Grant Reviews),
1986-1992

Clinical Promotion and Tenure Committee, 1988-1989

Executive Committee, Graduate College, 1987-1988

Life Sciences Graduate Divisional Committee, 1987-1988

-Pew Scholar Selection Committee, 1987

SERVICE ON COMMITTEES, COLLEGE OF PHARMACY, UNIVERSITY OF ILLINOIS AT
CHICAGO

College - Academic Standing Committee, 1978-1980 :
ACPE Accreditation Self-Study Committee, Sub-Committee C (Curriculum,
Students, and Evaluation), 1980-1981
Ad hoc Research and Graduate Education Committee, 1682, 1984
Ad hoc Self-Study Committee for ACPE Accreditation, 1986-1988
Ad hoc Webster-Sibilsky Lectureship Committee, 1982, 1984
Continuing Education Committee, 1978-1979



Committee on Committees, 1988-1989

Committee to Select Replacement NMR Instrument, 1983-1984

Executive Committee, 1983-1985

Graduate Education Steering Committee, 1985-1986

Graduate Education Steering Committee, Subcommittee on the Proposed
Pharm.D./Ph.D. Curriculum (Chairman), 1985-1986

Scholarships and Awards Committee, 1980-1984

Task Force on Departmental Reorganization, 1982 ‘

Task Force on Graduate Education, 1983-1985

Departmental - Advisory Committee, Department of Pharmacognosy and Pharmacology, 1981-
1982
Advisory Committee, Department of Medicinal Chemistry and Pharmacognosy,
1982-1985, 1986-1992 :
Advisory Committee on Promotions and Tenure (Chairman), 1984

Ad hoc Committee on Curriculum for Graduate Program in Pharmacognosy
(Chairman), 1988

Ad hoc Curriculum Committee, Department of Medicinal Chemistry and
Pharmacognosy, 1981-1982

Graduate Committee, Department of Pharmacognosy and Pharmacology, 1981-
1982

Graduate Education Committee, Program in Pharmacognosy, 1984-1988

Research and Graduate Committee, Program in Pharmacognosy, 1977-1984

Search Committees, Assistant Professor of Medicinal Chemistry, 1984-1985;
1986; 1989-1990

Search Committee, Assistant Professor of Pharmacognosy (Chairman), 1984

Search Committee for Head, Department of Medicinal Chemistry and
Pharmacognosy, 1987-1988

SCIENTIFIC SYMPOSIUM ORGANIZATION

Organizer of symposia for the Society for Economic Botany on "Toxic Plants" (1977,
University of Miami, Coral Gables) and "Legumes" (1980, Indiana University,
Bloomington, Indiana).

Symposium Chairman, Norman R. Farnsworth Symposium on Natural Products Research
(March 24, 1990, Chicago, Illinois).

Organizer of symposium entitled "Human Medicinal Agents from Plants", 203rd Annual
meeting, American Chemical Society, Division of Agricultural and Food Chemistry,
San Francisco, California, April 6-10, 1992.

JOURNAL RESPONSIBILITIES

North American Regional Editor (Co-Editor) and Member of the Editorial Advisory Board

of Phvtochemical Analysis. (An international journal of plant chemical - and
biochemical techniques, John Wiley & Sons, Chichester, U.K.) (1989-).

Member of the Editorial Advisory Board of rnal of rch Education in Indian
Medicine (Varanisi, India) (1990-). :

Member of the Editorial Advisory Board of Journal of Natural Toxins (Alaken Inc., Ft.
Collins, Colorado) (1990-).

Member of the Editorial Advisory Board of Phytotherapy Research (John Wiley & Sons,

Chichester, U.K.) (1990-).



Referee for submitted papers to B_QQ__QHLQEJ_SISILQILQLM—EMQ&! Botanical Gazette,
Chemical Reviews, riti view: Economic Botany,
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CONSULTANCIES, GRANT REVIEWING, AND EXTERNAL EXAMINING
Consultant, A.J. Canfield Co., Chicago, Illinois, 1980
Consultant, American Ginseng Company, Chicago, Illinois, 1981
Consultant, ABIC International Consultants, Inc., Pine Brook, New Jersey, 1982
Consultant, Kirkland and Ellis, Attorneys-at-Law, Washington, D.C., 1982

Grant Reviewer, Campus Research Board, University of Illinois at Chicago, 1983, 1984,
1986, 1987, 1990, 1991

Consultant, Computer Sciences Corporation, NSTL Station, Mississippi, 1984
Grant Reviewer, Research Corporation, New York, New York, May, 1984

Grant Reviewer, National Science Foundation, Division of International Programs, April,
1984, October, 1985

External Examiner, Ph.D. Thesis of N. Indrani ("Studies on Vegetable Tanmns and
Proteins"), Faculty of Botany, University of Madras, Madras, India, 1984

Consultant, Douglas Bristol, Attorney-at-Law, Chicago, Illinois, 1985

External Examiner, Ph.D. Thesis of M. Tyler ("Antitumor and Piscicidal Esters of
Naturally Occurring Daphnanes"), Faculty of Chemistry, Macquarie University, North
Ryde, New South Wales, Australia, 1985

Consultant, General Foods Corporation, White Plains, New York, 1986

Consultant, NBC Defense and Technology International, New York, New York, 1986

-Grant Reviewer, American Society of Pharmacognosy, 1986

Consultant, Sverdrup Technology, Inc., NSTL Station, Mississippi, 1987

Grant Reviewer, National Science Foundation, Program for Synthetic Organic Chemistry,
May, 1988

Member, National Institutes of Health, Experimental Therapeutics-2 (AHR-Bl) Study
Section, July, 1988

Member, National Institutes of Health, Medicinal Chemistry (AHR-B1) Study Section,
December, 1988



Ad hoc Member, National Institutes of Health, Bio-organic and Natural Product Chemistry
Study Section, February, 1989

External Examiner, Ph.D. Thesis of K. Vasisht, ("Quassinoids and Alkaloids of Certain

Ailanthus Species of Indian Origin"), Faculty of Pharmaceutical Sciences, Panjab
University, Chandigarh, India, 1989 :
4

Consultant, Weil, Gotshal & Manges, Attorneys-at-Law, Washington, D.C., 1989

Member, National Institutes of Health, Experimental Therapeutics-2 (AHR-Bl) Study
Section, August, 1989

Grant Reviewer, Petroleum Research Fund, American Chemical Society, October, 1989

Member, National Institutes of Health, Experimental Therapeutics-2 (AHR-B1) Study
Section, March, 1990

Member, National Institutes of Health, Medicinal Chemistry (AHR-Bl) Study Section,
November, 1990

Member, Special Review Committee, Biological and Chemical Studies on Taxol, National
Cancer Institute, National Institutes of Health, March, 1991

Member, Special Review Committee, National Institutes of Health Research Centers in
Minority Institutions, University of Puerto Rico, Rio Piedras, Puerto Rico, May, 1991

Grant Reviewer, Division of Extramural Activities, National Cancer Institute, National
Institutes of Health, July, 1991

Ad hoc Member, National Institutes of Health AIDS and Related Diseases-D Study
Section, San Diego, California, Noember, 1991

Consultant, Proctor and Gamble, Inc., Miami Valley Laboratories, Cincinnati, Ohio, 1991
FORMER GRADUATE STUDENTS

Dr. Ahmed A. Seida (Co-Thesis Advisor), Ph.D., University of Illinois at the Medical
Center (1978).

Dissertation Title: "Isolation, Identification and Structure Elucidation of Cytotoxic and
Antitumor Principles from Ailanthus jntegrifolia, Amvris pinnata and

- Balanites aegvptiaca”

Present Position: Associate Professor, College of Pharmacy, Cairo University, Cairo,
Egypt

Dr. Ibrahim 1. Mahmoud (Thesis Advisor), Ph.D., University of Illinois at the Medical
Center (1979)
Dissertation Title: "Phytochemical Studies of Capisicodendron dinissi (Canellaceae) and
Cerbera manghas (Apocynaceae)”
Present Position: Associate Professor, College of Pharmacy, Jordan University of
' Science and Technology, Irbid, Jordan ,

Dr. Thomas A. Hickey (Major and Thesis Advisor), M.S., University of Illinois at the
Medical Center (1981)
Thesis Title; "A Phytochemical and Toxicological Investigation of Euphorbia



)

hermentiana Lem.

Present Position: Physician

Dr. Manuel F. Balandrin (Major and Thesis Advisor), Ph.D., Jniversity of Illinois at the
Medical Center (1982)

Dissertation Title: *Structure Elucidation of Some Biologically Active Constituents
of the Genus Acosmium (Leguminosae) ,
Present Position: Senior Natural Products Chemist, Natural Products Sciences, Salt

Lake City, UT

Ms. Helena C. Makapugay (Major and Thesis Advisor), M.S., University of Illinois at
Chicago (1983)

Thesis Title: "High Pressure Liquid Chromatography of the Sweet Principles of
Stevia rebaudiana and Thiadiantha grosvenori”
Present Position: Pharmaceutical Engineer, Syntex, Palo Alto, CA

Dr. Gary T. Marshall (Major and Thesis Advisor), Ph.D., University of Illinois at Chicago

(1985)
Dissertation Title: "New Phorbol Constituents from Croton Qil"
Present Position: Applications Chemist, Interaction Chemicals, Mountain View, CA

Dr. Cesar M. Compadre (Major and Thesis Advisor), Ph.D., University of Illinois at
Chicago (1985)

Dissertation Title: *Studies on the Sweet Prmcxple of Lippia dulcis and on Steviol, the
Aglycone of Stevioside”

Present Position: Assistant Professor, College of Pharmacy, University of Arkansas for
Medical Sciences, Little Rock, AR

Dr. Lee-Juian Lin (Co-Thesis Advisor), Ph.D., University of Illinois at Chicago (1986)

Dissertation Title: "Studies in Natural Product Structure Elucidation and Synthesis"
Present Position: Research Associate, College of Pharmacy, University of Illinois at
Chicago, IL .

Dr. Chang-Yih Duh (Major Advisor, Co-Thesis Advisor), Ph.D., University of Illlinois at
Chicago (1986)

Dissertation Title: "Phytochemical and Mechanistic Studies on  Constitutents of
Wikstroemia elliptica and Stizophyllum giparium"
Present Position: Associate Professor, School of Pharmacy, Kaohsiung Medical College,

Kaohsiung, Taiwan

Dr. Young-Hee Choi (Major and Thesis Advisor), Ph.D., University of Illinois at Chicago

-

(1988)
Dissertation Title: "Biologically Active Constituents of Agrostistachvs hookeri and Abrus
r rius”

Present Position: Lecturer in Pharmacognosy, College of Pharmacy, Ehwa Women’s
University, Seoul, Korea :

Dr. Jinwoong Kim (Major and Thesis Advisor), Ph.D., University of Illinois at Chicago

(1988)

Dissertation Title: "Structure Elucidation of Sweet and Bitter Principles of Polypodium
glyveyrrhiza”

Present Position: Assistant Professor, College of Pharmacy, Seoul National University,

Seoul, Korea



Dr. Mamdouh M. Ahmed (Co-Supervisor), Ph.D., Mansoura University, Egypt (1950)
Dissertation Title: "A Phytochemical Study of Certain Plants Belonging to the Genus
Yerbascum Growing in Egypt"

Present Position; Lecturer in Pharmacognosy, Mansoura University, Mansoura, Egypt

Dr. Charles M. Nshimo (Thesis Advisor), Ph.D., University of Iilinois at Chicago (1991)

Dissertation Title: "Phytochemical and onlogncal Studies on Muntingia calabura™ *

Present Position: Lecturer, Division of Pharmaceutical Sciences, University of Dar-es-
Salaam, Dar-es-Salaam, Tanzania

Dr. Leonardus B.S. Kardono (Major and Thesis Advisor), Ph.D., University of Illinois at
Chicago, 1992

Dissertation Title: "Structure Elucidation of Bioactive Constxtuents of Two Indonesian
Medicinal Plants”

Present Position: Staff Scientist, Research and Dvelopment Center for Applied
Chemistry, Indonesian Research and Development Center, Tangerang,
Indonesia

Dr. Fekadu Fullas (Major and Thesis Advisor), Ph.D., University of Illinois at Chicago,

1992
Dissertation Title: *Structure  Elucidation of Bioactive Constituents of Baccharis
Present Position: Postdoctoral  Research  Associate, Research  Triangle Institute,

Research Triangle Park, North Carolina

Dr. Jin-Rui Dai (Major and Thesis Advisor), Ph.D., University of Illinois at Chicago, 1992

Dissertation Title: "Cytotoxic Consituents of Three South American and Indonesian
Medicinal Plants"

Present Position: Postdoctoral Research Scientist, Xechem, Inc., New Brunswick, New
Jersey

FORMER POSTDOCTORALS/VISITING SCHOLARS
Dr. M.A. Selim, University of Cairo, Cairo, Egypt, 1978.

Dr. M. Arisawa, Toyama Medical and Pharmaceutical University, Toyama, Japan, 1981-
1982.

Professor S.S. Handa, Panjab University, Chandigarh, India, 1981-1982.
~-Dr. N.P.D. Nanayakkara, University of Peradeniya, Sri Lanka, 1981-1987.

Associate Dean Guo Ji-Xian, Shanghai First Medical College, Shanghai, People's Republic
of China

Associate Dean Yang Peiquan, Sichuan Medical College, Chengdu, People’s Republic of
China, 1983-1984. ’

Dr. C.-T. Che, University of Illinois at Chicago, 1983-1985.
Dr. M. Fiébig, University of Munich, W. Germany, 1984-1985.

Dr. R.A. Hussain, Universityi of Strathclyde, Glasgow, Scotland, 1985-1588.



At
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Mr. M.E. Hossain, BCSIR Laboratories, Bangladesh, 1985.

Dr. C.A.J. Erdelmeier, ETH, Zurich, Switzerland, 1985-1986.

Professor Dr. D.W. Bishay, Assiut University, Assiut, Egypt, 1985-1986.
Dr. S.L. Leung, National University of Singapore, Singapore, 1986.

Lui Shengquan, Heilongjiang Academy of Chinese Traditional Medicine, Harbin, People’s
Republic of China, 1986-1987.

Dr. Y.-M. Lin, Academica Sinica, Taipei, Taiwan, 1987-1988.

Dr. M.M. Ahmed, Mansoura University, Mansoura, Egypt, 1987-1959.

Dr. P. Rasoanaivo, University of Antananarivo, Madagascar, 1989-1990.

Dr. N. Kaneda, Hiroshima University, Hiroshima, Japan, 1989-1991.

Dr. A. Pervin, University of Karac.hi, Karachi, Pakistan, 1991.
PRESENT POSTDOCTORALS/VISITING SCHOLARS

Mrs. X.-J. Ma, 4th Pharmaceutical Works, Shanghai, People’s Republic of China, 1990-
present.

Dr. D.B.M. Wickramaratne, University of Peradeniya, Peradeniya, Sri Lanka, 1991-present.
Dr. Myung Sook Chung, Seoul National University, Seoul, Korea, 1991-present.

Dr. Kio A. Abo, University of Ibadan, Ibadan, Nigeria, 1991-present.

Dr. Ik-Soo Lee, University of Mississippi, University, MS, 1991-present.

Dr. L. Luyengi, Free University of Brussels, Brussels, Belgium, 1991-present.

PRESENT GRADUATE STUDENTS

Mr. M.P. Nasution, Major Advisor, 1986-present. (Expected graduation date, 1992).

~

Miss Tan Ghee Teng, Major Advisor, 1988-present. (Expected graduation date, 1992).

Mr. R. Suttistri, Major and Thesis Advisor, 1989-present. (Expected graduation date,
1993).

Mr. Z.H. Mbwambo, Major and Thesis Advisor, 1991-present. (Expected graduation date,
1995).



PUBLICATIONS

A. Research Articles

1. Evans, FJ. and AD. Kinghorn. 1973, Thin-layer chromatographic
behavior of the acetates of some polyfunctional diterpene alcohols of
toxicological interest. J. Chromatogr. 87:443-448. 4

2. Evans, F.J. and A.D. Kinghorn. 1974. Ingenol from Euphorbia desmondij.
Phytochemistry 13:1011.

3. Kinghorn, A.D. and FJ. Evans. 1974, A  quantitative gas-liquid
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4. Evans, F.J. and A.D. Kinghorn. 1974. A new ingenol type diterpene from the
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Phytochemistry 13:2324-2325.
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10. Evans, F.J., R.J. Schmidt and A.D. Kinghorn. 1975. A micro-technique for the
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Spectrom. 2:126-130.

11. Evans, F.J. and A.D. Kinghorn. 1975. The succulent Euphorbias of Nigeria.
Part I. Llovdia 38:363-365.

12. Kinghorn, A.D. and F.J. Evans. 1975. A biological screen of selected species
of the genus Euphorbia for skin irritant effects. Planta Med. 28:325-335.

13. Evans, FJ and A.D. Kinghorn. 1977. A comparative phytochemical study of the
diterpenes of some species of the genera Euphorbia and Elaeophorbia
(Euphorbiaceae). J. Linn, Soc. London Bot. 74:23-35.

14. Kinghorn, A.D., K.K. Harjes and N.J. Doorenbos. 1977. Screening
procedure for phorbol esters using brine shrimp (Artemia salina) larvae.
L. Pharm, Sci. 66:1362-1363.
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Jawad, F.H., A.D. Kinghorn, N.J. Doorenbos and S. Billets. 1977.
Characterization and mass spectral analysis of some grayanotoxin

derivatives. Biomed. Mass Spectrom. 4:331-336.

Ogura, M., G.A. Cordell, A.D. Kinghorn and N.R. Farnsworth. 1977. Potential
anticancer agents VI.  Constituents of Aijlanthus excelsa (Simaroubaceae).
Llovdia 40:579-584. ’

Kinghorn, A.D., F.H. Jawad and N.J. Doorenbos. 1978.  Thin-layer
chromatographic and spectroscopic - characterization of some diterpenes of
the grayanotoxin type. J. Chromatogr. 147:299-308.

Kinghorn, A.D., F.H. Jawad and N.J. Doorenbos. 1978. Structure-activity
relationship of grayanotoxin derivatives using a tetrodotoxin-antagonized

spasmodic response of brine shrimp larvae (Artemia salina). Toxicon
16:227-234.

Balandrin, M.F., A.D. Kinghorn, S.J. Smolenski and R.H. Dobberstein. 1978.
Reversed-phase high-pressure liquid chromatography of some tryptamine
derivatives. J. Chromatogr. 157:365-370.

Seida, A.A., A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. 1978. Potential

anticancer agents IX. Isolation of a new simaroubolide, 6a-
tigloyloxychaparrinone, from Ailanthus jntegrifolia ssp. c¢alvgina, Llovdia
41:584-587.

Kinghorn, A.D. 1979, Characterization of an irritant 4-deoxyphorbol! diester
from Euphorbia tirucalli. J. Nat, Prod. 42:112-115.

Svoboda, K.S., S.J.  Smolenski and A.D. Kinghorn. 1979. Indole
alkylamines from Tachigalia paniculata. J, Nat. Prod. 42:307-308.

Kinghorn, A.D. and S.J. Smolenski. 1980. Alkaloids of Lupinus bicolor ssp.

microphvllus. Detection of  5,6-dehydro-a-isolupanine by gas
chromatography-mass spectrometry. Plantg Med. 38:280-282.

Mahmoud, LI, A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. 1980.
Potential anticancer agents. XVIL Isolation of bicyclofarnesane

sesquiterpenoids from Capsicodendron dinisii. J. Nat. Prod. 43:365-371.

Kinghorn, A.D., M.A. Selim and SJ. Smolenski. 1980. Alkaloid
distribution in some New World Lupinus species. Phyvtochemistry 19:1705-
1710,

Kinghorn, A.D. 1980. Major skin-irritant principle from Synadenium grantii. J,
Pharm, Sci. 69:1446-1447.

Worobec, S.M., T.A. Hickey, A.D. Kinghbrn, D.D. Soejarto and D.P.
West. 1981. Irritant contact dermatitis from an ornamental Euphorbia.
Contact Dermatitis 7:19-22.

Marshall, G.T. and A.D. Kinghorn. 1981. Isolation of phorbol and 4a-phorbol
from croton oil by droplet counter-current chromatography. L

Chromatogr., 206:421-424,
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Balandrin, M.F. and A.D. Kinghorn. 1981. Tetrahydrorhombifoline, a further

constituent of Lupinus oscar-haughtii and L. truncatus. J.  Nat, Prod.
44:495-497.

Badawi, MM., A.A. Seida, A.D. Kinghorn, G.A. Cordell and N.R.
Farnsworth. 1981. Potential anticancer agents. XVIII. Constituents of
Amyris pinnata. J. Nat, Prod. 44:331-334, !

Seida, A.A., A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. 1981. Isolation

of bergapten and marmesin from Balanites aegyptiaca. Planta Med.
43:92-93,

Gunasekera, S.P., A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. 1981.
Potential anticancer agents. XIX. Constituents of Aquilaria malaccensis.

J. Nat. Prod. 44:569-572.

Balandrin, M.F. and A.D. Kinghorn. 1981. Characterization of sweetinine,
a constituent of Sweetia e¢legans, as the Ormosia alkaloid, (&)-6-
epipodopetaline. J. Nat, Prod. 44:619-622.

Hickey, T.A., SM. Worobec, DP. West and A.D. Kinghorn. 1981.
Irritant coatact dermatitis in humans from phorbol and related esters.

Toxicon 19:841-850.

Huang, Z-J., A.D. Kinghorn and N.R. Farnsworth. 1982. Studies on herbal
remedies [I.  Analysis of herbal smoking preparations alleged to contain

lettuce (Lactuca sativa L.) and other natural products. J, Pharm. Sci.,
71:270-271.

Kinghorn, A.D., N.P.D. Nanayakkara, D.D. Soejarto, P.J. Medon and SXK.
Kamath. 1982. Potential sweetening agents of plant origin. I
Purification of §Stevia rebaudiana sweet constituents by droplet counter-
current chromatography. J. Chromatogr. 237:478-483.

Kinghorn, A.D., M.F. Balandrin and L.-J. Lin. 1982. Alkaloid
distribution in some species of the papilionaceous tribes Sophoreae,
Dalbergieae, Loteae, Brongniartieae and Bossiaceae. Phytochemistry,
21:2269-2275.

Kim, I-C., M.F. Balandrin and A.D. Kinghorn. 1982. Reinvestigation of
alkaloids of Lupinus sericeus Pursh. Identification of a new natural
product, 10,17-dioxo-8-isosparteine. J. Agric, Food Chem., 30:796-798.

Soejarto, D.D., A.D. Kinghorn and N.R. Farnsworth. 1682. Potential
sweetening agents of plant origin. III. Organoleptic evaluation of Stevia
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Balandrin, M.F. and A.D. Kinghorn. 1982, (-)-da-Hydroxysparteine, a new
natural product from Acosmium panamense. Heterocycles, 19:1931-1934.
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Kinghorn. 1983. Potential sweetening agents of plant origin. II. Field
search for sweet-tasting Stevia species. Econ, Bot., 37:71-79.

Makapugay, H.C., D.D. Soejarto, A.D. Kinghorn and E. Bordas. 1983.
Piperovatine, the tongue-numbing principle of Ottonia frutescens. I
Ethnopharmacol., 7:235-238. +

Handa, S.S., A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. 1983. Plant
anticancer agents. XXII. Isolation of a phorbol diester and its A56-75-
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March, 1981.

Handa, S.S., A.D. Kinghorn, G.A. Cordell and N.R. Farnsworth. "Investigation of the
Antileukemic and Cytotoxic Constituents of Soulamea soulameoides.” Joint Meeting of
the American Society of Pharmacognosy and the Society for Economic Botany,
Boston, Massachusetts, July, 1981. (Presented by S.S. Handa).
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"Pharmacognosy: Drugs from Natural Sources”, Colloquium lecture, Department of
Pharmacy, Swiss Federal Institute of Technology (ETH), Zurich, Switzerland, June
26, 1990.

"Sweetening Agents of Plant Origin", Institute of Pharmaceutical Biology, University of
Munich, Munich, W. Germany, July 26, 1990. )

"Potential of Higher Plants in the Discovery of New Anti-AIDS Agents", §ymposium
lecture, World Congress on AIDS, Bombay, India, December, 1990,

"i)iscovery of Plant Constituents with Anti-HIV Activity", College of Pharmacy, Seoul
National University, Seoul, Korea, December 11, 1990.

"Highly Sweet Compounds from North and South American Medicinal Plants", Plenary
lecture at the 2Ist Annual Convention of the Korean Society of Pharmacognosy,
Seoul, Korea, December, 1990. (Kor. J, Pharmacog., 21:52-53, 1991).

"Anticancer anci Anti-HIV Agents from Plants: Recent Progress”, Genetic Engineering
Center, Korean Institute of Science and Technology, Daeduk Science Town, Daejon,
Korea, December 14, 1990.

*Novel Highly Sweet Compounds from Ethnobotanical Leads", Glaxo Group Research
Limited, Greenford, Middlesex, England, May 1, 1991.

"Natural High-Potency Sweeteners: Recent Advances”, Technical Center, Kraft General
Foods, Inc., White Plains, New York, June 4, 1991.

"Plant-Derived Pharmaceuticals: Opportunities and Challenges®, School of Pharmacy,
University of North Carolina, Chapel Hill, North Carolina, September 16, 1991.

"Recent Progress in the Investigation of Potently Sweet Natural Products”, Symposium
lecture at the 43rd Southeast Regional Meeting of the American Chemical Society,
Richmond, Virginia, November, 1991.



"The Search for Novel Highly Sweet Natural Products”, Department of Pharmacodynamics,
University of Illinois at Chicago, April 5, 1989.

*Highly Sweet Compounds of Natural Origin", XVI International Symposium on Natural
Products Chemistry, ITESM, Monterrey Mexico, April 1989.

"Pharmacognosy: Drugs from Natural Sources”, Symposium lecture at the 198th National
Meeting of the American Chemical Society, Miami Beach, Florida, September, 1989.

"Drug Quality Control: Phytochemical Methods”, Workshop on Assessment of Efficacy and
Safety of Traditional Medicines, College of Pharmacy, University of Illinois at
Chicago, Chicago, Illinois, September 27, 1989.

"Plant Secondary Metabolites and Drug Discovery”, College of Phafmacy, University of
Texas, Austin, Texas, October 12, 1989.

"Pharmacognosy: Drugs from Natural Sources”, Department of Botany, University of
Texas, Austin, Texas, October 13, 1989.

"The Search for Antineoplastic and Sweetening Agents from Plants", Department of
Botany, University of Texas, Austin, Texas, October 13, 1989.

"Natural High Potency Sweeteners: Some Recent Developments®, Calorie Control Council
1989 Annual Meeting, Orlando, Florida, November 6, 1989.

"Plants as Sources of Biologically Active Molecules”, HH. Lehman College, City University
of New York, Bronx, New York, November 15, 1989.

"Recent Studies on Biologically Active Compounds from Plants", Faculty of Pharmacy,
Mansoura University, Mansoura, Egypt, January 21, 1990.

"Highly Sweet Substances and Other Biologically Active Plant Constituents”, Faculty of
Pharmacy, University of Alexandria, Alexandria, Egypt, January 22, 1990.

"Antineoplastic Agents and Other Biologically Active Plant Constituents”, Faculty of
Pharmacy, University of Cairo, Cairo, Egypt, February 1, 1990.

"Thirty-Five Years of Achievement in Pharmacognosy Research by Norman R. Farnsworth,
Norman R. Farnsworth Symposium on Natural Products Research, Chicago, Illinois,
March 24, 1990. (With H.H.S. Fong and G.A. Cordell).

"Plant-Derived Sweetening Agents", Pharmacognosy-Phytochemistry Group, Swiss Federal
Institute of Technology (ETH), Zurich, Switzerland, May 9, 1990.

"Recent Studies on Cytotoxic and Sweetening Agents from Plants®, Institute of
Pharmacognosy and Phytochemistry, University of Lausanne, Lausanne, Switzerland,
May 21, 1950.

"Anticancer Agents from Higher Plants", Pharmacognosy-Phytochemistry Group, Swiss
Federal Institute of Technology (ETH), Zurich, Switzerland, May 30, 1990.

"Drugs from Higher Plants: Recent Developments”, Institute of Pharmacy, University of
Berne, Berne, Switzerland, June 13, 1990.



"Noncariogenic Sweeteners from Plants", Department of Pharmacy, National University of
Singapore, Singapore, November 7, 1985.

“Studies on Plant-Derived Anticancer Agents", Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand, November 12, 1985.

"Intensely Sweet Compounds of Natural Origin®, Faculty of Science, Mahidol l}niversity,
Bangkok, Thailand, November 12, 1985.

"The Search for Noncariogenic Sweetening Agents from Plants", Plenary lecture at
the Second National Scientific Meeting on Phytotherapy and Phytopharmacy, Institut
Teknologi Bandung, Bandung, Indonesia, December, 1985.

"The Phorbol Esters as Environmental Toxins", XIII International Symposium on Natural
Products Chemistry, ITESM, Monterrey, Mexico, April, 1986.

"Applications of High-Field NMR Techniques and GC/MS to Phorbol Ester Structure
Determination and Analysis”, Symposium lecture at the 8th Rocky Mountain Regional
Meeting of the American Chemical Society, Denver, Colorado, June, 1986. (With L.-J.
Lin, G.T. Marshall, and R.A. Hussain). (], Toxicol., Toxin Rev., 5:254, 1986).

"Approaches Towérd the Discovery of New Sweet Molecules from Plants®, Symposium
lecture at the 21st Great Lakes Regional Meeting of the American Chemical Society,
Chicago, Illinois, June, 1987.

"Biologically Active Compounds from Plants with Reputed Medicinal and Sweetening
Properties”, Plenary lecture at the 28th Annual Meeting of the American Society of
Pharmacognosy, Kingston, Rhode Island, July, 1987.

""Antitumor Agents and Sweeteners of Vegetal Origin", University of Costa Rica, San Jose,
Costa Rica, August 26, 1987. (Co-presented by D.D. Soejarto).

"The Search for Natural Sweeteners: Problems and Challenges”, Workshop on Taste
Modifiers, Sweeteners and the Mechanism of Sweet Taste, University of Wisconsin,
Madison, Wisconsin, October 15, 1987.

"Intense Sweeteners and Antineoplastic Agents of Plant Origin", Department of Chemistry,
Illinois Institute of Technology, Chicago, Illinois, October 28, 1987.

"The Role of Traditional Medicine in Drug Discovery from Plants", The Japanese-
United States Congress of Pharmaceutical Sciences, Honolulu, Hawaii, December,
= 1987. (With N.R. Farnsworth).

"Current Uses of Herbs in Medicine", Champaign-Urbana Herb Society, Urbana, Illinois,
September 7, 1988.

"Potential Sucrose Substitutes of Plant Origin", International Conference on Sweeteners:
Carbohydrate and Low Calorie, Los Angeles, California, September, 1988. (With D.D.
Soejarto).

"Recent Studies on Some Intense Natural Sweeteners®, Calorie Control Council 1988
Annual Meeting, Scottsdale, Arizona, November 15, 1988.
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CURRICULUM VITAE

Ryan James Huxtable

Birthplace and Date

England, September 20, 1943

Nationality

American

Marital Status

Married 1968, Wife Marion, No children

Degrees
B.Sc. 1964, Bristol University

Ph.D. 1968, Bristol University

Business Address

Department of Pharmacology
University of Arizona

Health Sciences Center
Tucson, Arizona 85724
(602) 626-6883

Positions

Professor, Department of Pharmacology,
University of Arizona Health Sciences Center

Asseciate Professor, Department of Pharmacology,
University of Arizona Health Sciences Center

Assistant Professor, Department of Pharmacology,
University of Arizona Medical Center.

Research Associate, Department of Biochemistry,
Duke University Medical Center.

Research Associate, Department of Chemistry,
University of Illinois.

Home Address
6531 North Camino Libby

Tucson, Arizona 85718
(602) 797-0529

7719 - present

715 - 6119
10/70 - 6/75
10/69 - 9770
9/68 -10/69



Ryan J. Huxtable, Ph.D.

Technical Officer, Mond Division, Imperial

Chemical Industries, Runcom, England. 1/68 - 8/68
Graduate Assistant, Department of Chemistry,

Liverpool University. 7/66 -12/67

Graduate Assistant, Department of Chemistry, '
Bristol University. ' 9/64 - 7/66

Visiting Professorships

Pfizer Travelling Professor, Clinical Research Institute, University of Montreal, 1974.
Visiting Professor, Clinical Research Institute, University of Montreal, 1977.

Visiting Professor, National Autonomous University of Mexico 1980.

Visiting Professor, University of Florence, Italy, 1981.

Visiting Scholar, Hastings Center-(Instimte of Society, Ethics and the Life Sciences), Hastings on
Hudson, 1984. 4

Visiting Professor, University of Florence, Italy 1988.
Meetings Organized

First International Symposium on Taurine, Tucson 1975.
Second Intemational Symposium on Taurine: Taurine in Neurological Disorders, Tucson 1977.

Workshop: Taurine in Epilepsy and Brain Development. Eleventh Annual Winter Conference on
Brain Research, Keystone, Colorado 1978.

Symposium: Does Taurine Have a Function? American Society for Pharmacology and Experimental
Therapeutics. Fall Meeting, Portland, Oregon 1979.

Symposium: A Western Problem: The Toxicology of Pyrmrolizidine Alkaloids. Twenty-third Annual
Meeting of the Western Pharmacology Society, Vancouver, Canada 1980.

Intemnational Symposium: Taurine: Quesﬁoné and Answers, Mexico City 1980.

Editorial Committee, International Symposium on Sulfur Amino Acids: Biochemical and Medical
Aspects, Tokyo 1982,

Editorial Committee, Twenty-first Congress -of the Italian Pharmacological Society, Naples 1982.
Scientific Committee, Symposium: Taurine and Related Compounds, San Miniato, Italy 1986.

Organizing Committee, Second International Symposium on Guanidino Compounds, Shizuoka, Japan
1987. '

Program Committee, Symposium on Taurine in Excitable Tissues: Biological and Clinical Aspects,
Moguer, Spain 1989.

Symposium on Inhibitory Amino Acids, Tucson, Arizona 1990.



Ryan J. Huxtable, Ph.D,
Other Invited Activities

Invited speaker: Symposium on oral contraceptives and high blood pressure. Gainsville, Florida, 1973.

Moderator: NIH Workshop on Lung Metabolism, Airlie, Virginia, 1975.

Panelist: Workshop on computer-assisted instruction. Eighteenth Annual Meeting of Westem
Pharmacology Society, Honolulu, 1975.

Panelist: Workshop on Taurine: Biosynthesis, Metabolism and Function. Ninth Annual Winter '
Conference on Brain Research, Keystone, Colorado, 1976.

Chairman: Pulmonary-Respiratory Pharmacology Session, FASEB, Chicago, 1977.

Invited speaker: Symposium on tansy ragwort. Corvallis, Oregon, 1979.

Chairman: Toxicology Session, Twenty-second Annual Western Pharmacology Meeting, Colorado
Springs, 1979,

Invited speaker: Symposium on actions of taurine on excitable membranes. Philadelphia, Pennsyl-
vania, 1979.

Invited speaker: Third intemational symposium on low molecular weight, sulfur-containing, natural
products. Rome, Italy, 1979.

NIH Site Visitor: Comprehensive Epilepsy Program, University of Virginia Medical Center, 1979.

Chairman: Taurine and Camitine Session, FASEB, Anaheim, 1980.

Chairman: Biochemical Pharmacology Session, ASPET, Rochester, Minn., 1980.

Invited participant: Workshop - Quebec Co-operative Study on Friedreich's Ataxia, Montebello,
Quebec, 1980.

Invited speaker: Third Tarbox Parkinson’s disease symposium, Lubbock, Texas, 1980.

Chairman: Taurine and Camitine Session, FASEB, Atlanta, 1981.

Chairman: Environmental Toxicology Session, FASEB, Atlanta, 1981.

Program Organizer: Neurosciences Retreat, ‘Teleology in the Neurosciences’, University of Arizona,
1982,

Invited Speaker: Twenty-first Congress of the Italian Pharmacological Society, Naples, 1982,

Special Lecturer to Open Meeting: Role of Taurine in Cardiovascular System, Intenational Sympo-
sium on Sulfur Amino Acids, Biochemical and Medical Aspects and Fifth Annual Meeting of
Japanese Research Society on Sulfur Amino Acids, Tokyo, 1982,

Chairman: Symposium IV. Intemnational Symposium on Sulfur Amino Acids, Tokyo, 1982,

Chairman: Session on Physiological, Pharmacological and Toxicological aspects of Guanidino
Compounds. Intemational Symposium on Guanidino Compounds. Tokyo, 1983.

Invited speaker: Herbal Toxins. Third Annual Southwestern Poisons Symposium. Tucson, Arizona,
1983.

Invited Panelist: Workshop on, ‘Is taurine-a neurotransmitter?’ Seventeenth Annual Winter Conference
on Brain Research, Steamboat Springs, Colorado, 1984.
Invited speaker: Public health implications of pyrrolizidine alkaloids in foodstuffs. Twenty-seventh
annual meeting of the Canadian Federation of Biological Societies, Saskatoon, Canada, 1984,
Chairman: Cellular Pharmacology Session. Ninth International Congress on Pharmacology, London,
1984,

Invited Speaker to close meeting: Symposium on taurine, Hanasaari, Finland, 1984,

Invited Speaker: First Annual Heart/Flinn Scientific Conference, Phoenix, Arizona, 1985.

Discussion Leader: Symposium on taurine and cellular development in nervous tissue, Sixth Inter-
national Meeting of the International Society for Developmental Neurosciences, Queretaro,
Mexico, 1986.

Chairman: Session on taurine: Nutritional and developmental aspects. Symposium on Taurine and
Related Compounds, San Miniato, Italy, 1986.

Invited Consultant: World Health Organization International Program on Chemical Safety - Environ-
mental Health Task Force on Pyrrolizidine Alkaloids, Tashkent, USSR, 1986.
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NIH Site Visitor: Institute for Basic Research in Developmental Disabilities, Staten Island, 1987.

Chairman: Membranes and Transport Session, Thirtieth Annual Meeting, Western Pharmacology
Society, Molokai, 1987.

Invited Speaker: Council for Tobacco Research Annual Meeting, Naples, Florida, 1987.

Chairman: Session on Physiological, Pharmacological and Toxicological Aspects of Guanidino
Compounds, International Symposium on Guanidino Compounds in Biology and Medicine,
Shizuoka, Japan, 1987. '

Invited Speaker, Second Arizona Heart Association/Flinn Foundation Scientific Conference, Phoenix,
Arizona, 1987. _

Invited Speaker: International Symposium on ‘Taurine and the Heart’, 10th Annual Meeting of
Japanese Research Society on Sulfur Amino Acids, Osaka, Japan, 1987.

Chairman: Ethnotoxicology Symposium: Thirty-first Annual Meeting, Western Pharmacology Society,
Tucson, Arizona, 1988.

Invited Speaker: Ethnotoxicology Symposium - Pharmacology of Bites, Stings and Poisons, Thirty-first
Annual Meeting, Western Pharmacology Society, Tucson, Arizona, 1988.

Co-Chairman: Minisymposium on Taurine, FASEB, Las Vegas, 1988.

Chairman: Session of taurine interaction with excitable membranes, Symposium on Taurine 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 Speaker: Taurine e Tessuti Eccitabili, University of Bari, Italy, 1989.

Invited Speaker: Intemational Symposium on Drug Safety, Ottawa, Canada, 1989.

Invited Speaker: The Emil Aaltonen Symposium on the Healthy Brain, Tampere, Finland, 1990.

Nomenclature Committee, International Society for Toxinology, 1990-

Invited Lecturer: 64th Annual Meeting of the Japanese Pharmacology Society, Kobe, Japan, 1991.

Invited Lecturer: Canadian Society of Hospital Pharmacists, Toronto, Canada, 1991.

Invited Speaker: Symposium on "Perspectives on Food Safety: Natural Toxicants", 105th Annual
International Meeting of the Association of Official Analytical Chemists, Phoenix, Arizona 1991,

Honors

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

Editorships etc.
Chemical Abstracts Abstractor 1967 - 1972
Associate Editor, Life Sciences 1973 - 1975
Consulting Editor, Neurochemistry Intemnational 1980 - current
Literature Correspondent, Trends in Pharmacological

Sciences 1981 - current
Editorial Board, Acta Neurologica 1981 - current
Editorial Council, Toxicon 1982 - current
Memberships
The Chemical Society (London) 1963 - 1975
American Chemical Society 1968 - 1975
American Associate for the Advancement of Science 1972 - 1984
American Association of University Professors 1971 - 1978



Western Pharmacology Society

American Society for Pharmacology and Experimental Therapeutics
The Hastings Center

International Society on Toxinology

Honorary Member, Japanese Society for Sulfur Amino Acid Research
International Society for Neurochemistry

Ryan J. Huxtable, Ph.D.

1974 - current
1974 - current
1981 - 1990
1982 - current
1983 - 1987
1989 - current
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Teaching Materials

Videotape: Cardiovascular Actions of Taurine (63 minutes). English original; translated into Japanese.
Taisho Pharmaceutical Company, Tokyo, 1982. Copy in University of Arizona medical library.

Herbal teas and toxins: novel aspects of pyrrolizidine poisoning in the United States, and herbs aldng
the westem Mexican-American border. Syllabus materials. Third Annual Southwestern Poisons *
Symposium. Tucson, Arizona, 1983.

Audiotape: Dr’s Interview - the significance of taurine and the toxicitﬁf of alkaloids in herbs, with
accompanying Japanese/English texts. Published by Medical View Co., Ltd., Tokyo, Japan, 1991.



MALONE, MARVIN HERBERT, pharmacologist/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. Squibb
Inst. Med, Research, New Brunswick, N.J,, 1953-56; asst. prof.
U. New Mex., Albuquerque, 1958-60; assoc. prof. U. Conn.,
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-
73; 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. Conn. Res.
Found. grantee, 1964-68. Fellow: Am, Found. Pharm., Educ.,

Am. Inst. Chemists; AAAS, Member: Am. Soc. Pharmacology and
Exptl. Therap., Western Pharmacology Soc., Am. Soc. Pharmacog-
nosy, International Soc. Ethnopharmacology (founding mem.,),
Am. Pharm, Assoc., Acad. Pharm. Scis. (sr.), Am. Assn., of
Colleges of Pharmacy, Soc. 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,
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