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In vitro and In vivo Evaluation of Genotoxicity of
Stevioside and Steviol, Natural Sweetner
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II-Hyun Kang, Hyuck-Joon Kang and Kwang-Won Ha
Korea Food and Administration, 5 Nokbundong Eunpyunggu, Seoul 122-704, Korea

Abstract — The standard operation procedure of mouse lymphoma L5178Y tk*-3.7.2C gene mutation
assay (MOLY) has been regarded as a sensitive /n vitro mammalian cell gene mutation assay that is capable
of detecting clastogens as well as mutagens. Using MOLY, one of natural sweetner, stevioside (5 mg/mJ) and
its aglycon, steviol (340 pg/mi) were evaluated the mutagenicity. Stevioside and steviol did not induce
mutagenicity in MOLY. On the other hand, stevioside (250 mg/kg, B.W.) and steviol (200 mg/kg, B.W.) were
also evaluated their ability to induce micronuclei in regenerating hepatocytes and bone marrow cells of ddY
mice. From these results, stevioside and steviol did not induce any mutagenic effect both MOLY and i vivo

micronucleus test.

Keywords [ Mouse lymphoma assay (MOLY), micronucleus (MN), stevioside, steviol.
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ABEd -~ Mitomycin CMMC)2} corn oikS- Sigma
Chemical Company, USA.Z5E] 75318}53 o, Aln]
QA= (CAS No. 57817-89-7)9} A~EH]S-S eg st
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2 313tk MOLYY] 739, AEu]oAtel el AEu]E:
BE FRF B2 kten dimethyl sulfoxide
(DMSOYE 8vliz sl AAGNE Axsioiet. Sofich
25 DMSO(1%)E ARgatsier oFddxs 4
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MIEHiRF — vl YL M ¥ (mouse lymphoma
tk*"-3.7.2C cellps P& OREFAFHPATLLY T.
Sofuni ¥MAFEREE Fokgtol M M4 gl FHA|
A Bl vjofele thao] 471 Feje] RPMI
1640 medium®] ARSEUTE 240 v} 3ok

RPMI 0 RPMI 10 RPMI 20

Horse serum (v/v %) 0 10 20
Penicillin (unit/m/) 100 100 100
Streptomycin (unit/m/) 100 100 100
Sodium pyruvate (mg/) 200 200 200
Pluronic F68 (mg/ml) 0.5 0.5 0
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3% 10°cells/m! A% 3 24417F, 5% CO, wik7)ellA
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10° cellymlz 273 5 CO, wjaF7|oll A 4877 )
oIt oA Ik AEE AHAAe] BE R
AL Althate] ARE-sISITE.
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557 ICRA nhe-ig Tawel &% 2311°C, $%
551 5%, 9171 10~183)/hy 45 H 12hr cydle,
Z5 300~500 Lux®] AHFEHel|A ZE)7krdlo)E A}
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Aroclor 12545 ¥7h| Folsle] @48 fEA7
HogHE] §9 RS AxsArt. MOLYe| AR
S9 Z3HE-2 Glucose-6-phosphate(180 mg/ml), NADP
25 mg/m), 150mM KCl, Z} 1.0m/, S-9 ¥38 20
me] ZYPOF olFfoiglon, ol EFEL HAFE T
gele AlZafjokdol] 1.0/19.0 ml Bl&R2 H7lsled A}
g3k
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FEX Ei¥0| Al - Y3h¥ L5178Y cell=
RPMI 1002 5% 10° cellym=7l Z8a] 7} 552
AGEAS Hisiet. drlEAd gl e 89 E3E
o] 5%7} HA Helsto] AYsgirt. AEHH] A=
9} ~HHe2 22 5mg/ml, 341l ugmE Hisw
2 3o B 29 3EEE Aok 37°CoM 34
RS AI & AIEED AAE A A E
(200 g, 5553130 RPMI 1002 thA] H-fA170 &
APEFEEE 2x10° cellymlE. 27310 5% CO, wiok

-+

e

=

X

<)
T
el

)

A
A)
p=4

oy

7oA wjeFslgict. RPMI 200.% 8 cells/mis 7] 34
3l3 ThA] Bt 1.6 cellswelle] EA 2AsIT) vl
of71elx 10~12 wekst £37°C, 5% COy), B4
7 ARG5S ATt

Eddo)7} w29 Bt AT FEE 1x10°
cells/miolstz RA817] 2lste] Wi AlellA 24A13F
wloFst & RPMI 1022 2% 10°cells/mlE Al =2
o] Al sigict. A Tle] B W AEEEE
RPMI 20°0.% 1x10*cellsymE A =48 $ 2x96
well plate®] wellell 200w 5310 Hat 1.6 cells/
welle] =74 2Aselct wljek7]olA 10~12Y Bkt

¥ @37°C, 5% CO,), B8 N5 AF3lsih

B ARzRo] B w) AEEEE RPMI 2005 1%
10  cellsym/=| Al 23 3 trifluorothymidine(TFT,
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o] HHel| m=r HEAA Gujolof Hofrey it
sl w71EelA FEE] 2N o Hgkge)] 5%
7+ 1Al Ax7 B 1E-E Giemsa® (Gurr
R-66, pH 6.82] 1/150 M phosphate bufferell 4%
R AZE Fel 3087 GAsksict AN & F
o] gkollo]l 13] A|HtT 0.004%S] TR F-g-lo]]
A 27t AASE ohg, S50l 28] AjEekal &
7] FolA HAxAIA FE dvjEos fHEERlvhx
1000). vF-2~ DAl & 1,000709] "ol vl
A8 (polychromatic erythrocyte, PCE)?} A4 &
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7 MEAZL] 1225E A 7Rssh HelrA R
ahglon], T FEAe] # gdado] FURE A
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Wh9-AE 5Y7F AREEF 3 Uryvaevast Delone”o)
Hell weh IAEE Eefalsivh. 1 s aokehd ot
ST P} uheAE B & AEd b 4% 22
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9] while]l we} 39A2) EAIAR S A E3le] A
ATk 1, 2etA9] vlaatg ghgel ojst A
e A, 3ol SR AlEEA Foldt
o) AMAF L] W] M8t 5922 Cochran
Armitage F&774E HIASATHR-)F=E 0.057]7h). 7+
AE A#AIR L] 94 Dunnett ttest®t Student's
ttest® 8313t
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At 2 AP 2 Ax £ 5 mg/ml
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AU ARRHCA ZH2 95, 415 vERIIeH
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Apol=e] i AEES AW AR e
747} 76~135%, 80~103%% LIERAIE. AER) A}
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cellsymio] =x] ¢ko} t ool AalS wallalx] ¢k
o}, 341 pg/miel A A ArEA el 2zt
4%, 33% 4= AYEEE HeRfo] 341 pgmis
WrEe Aol MOLYS AAElich AEH]L-9]
MOLY®) W3t A34E Table o] YER{ZITE 234
W oA el E871ES wEAIZCE oAt
M HEnel 341 pgmield] AR = AR
(relative total growth; RTG)°] 0.050% A|Z=A]S
nolom, YYEdsroE SedHolgs Suljir)x
T fAlelSith AEHNISS Mgl EiHel g
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Table 1 - Mutant frequencies and cytotoxicities in tk gene mutation assay in L5178Y cells after 3 hour treatment with

. /“}\;E.]

< QoS - U - AEE - ok

stevioside
Compounds? Dose (ug/ml) S9 %RS” RTG* MEF? Linear trend

DMSO - 100.00° 1.00 95.85

Stevioside 1250 - 76.05 0.72 153.54
2500 - 135.74 1.07 87.58 N

5000 - 135.74 0.81 90.76

MMS 20 - 106.64 0.34 1294.36

DMSO + 100.00 1.00 41.10

Stevioside 1250 + 90.62 1.17 32.45
2500 + 103.17 1.18 61.14 NS

5000 + 80.05 1.01 48.67

CP 3 + 61.10 0.38 800.00

*DMSO, dimethyl sulfoxide; MMS, methyl methanesulfonate; CP.cyclophosphamide

® @RS, Percent relative survival
“RTG, Relative total growth

4 MF, mutation frequency; 5-TFT resistant mutants/10° viable cells 2 days after treatment

e n=2
NS. not significant

Table II - Mutant frequencies and cytotoxicities in 2 gene mutation assay in L5178Y cells after 3 hour treatment with

steviol
Compounds® Dose (ug/mi) S9 %RSP RTG® MFT Linear trend
DMSO R 100.00° 1.00 81.34
steviol 42.66 . NT! NT NT
85.31 . 105.26 0.89 81.78 NG
170.63 - 99.65 0.88 104.99
341.25 . 87.72 0.65 96.78
MMS 20 . 89.12 0.52 574.99
DMSO + 100.00 .00 77.06
steviol 42.66 + 97.52 1.09 77.97
85.31 + 89.01 0.76 74.01
170.63 + 79.08 0.73 86.96 NS
341.25 + 40.78 0.05 78.62
CP 3 + 65.60 051 762.89

*DMSO, dimethyl sulfoxide; MMS, methyl methane sulfonate; CE, cyclophosphamide

b RS, Percent relative survival
°RTG, Relative total growth

YME mutation frequency; 5-TFT resistant mutants/10° viable cells 2 days after treatment

“n=2
fN'I‘, not tested
ENS, not significant

o] Fufjthze] njE) T Foldeld FAY U=
F7Fs HolA] egkon, fald Qe fHeEde |

ElU#] ¢kl 34402 =R

2Hp| APl e] A AHeA 2483 dA4A

= Fsiglon, Table o) WehiSich, Aoz A
8L 55~114%F VERGlen, sl &
izl vlsle] f214 e F7ke, fRdEds
°o]#] o9t

BTME U ZMESE 088 A3AI® — AElH] QAL

o)) A W IS olgst AN S

Table Vel WL EFAHES o] &5 4~HAIY

A3}, AE| QAolEE A gerbile] AR S

A TR EETe FEEo] A9 BEA) i) A
HERG Toldt TEO 491E B Bold =
Ao} R} wARR] Qgron, WA YT that
AR AE T2 W golAs A SRRl iz
ulajo] 21017} GgITk THIES o] g8k AsiAEe] A
o 2HuAIEE A gatlle] AX 4se sk
TS Z3o| Al yhawx] gl

AE(B|S2] TS o) 3t AP Hul- Table
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Table I —Mutant frequencies and cytotoxicities in 7k gene mutation assay in L5178Y cells after 24 hour treatment with stevioside

Compounds® Dose (nug/m/) S9 %RS" RTG® MF® Linear trend
DMSO - 100.00° 1.00 55.44
Stevioside 625 - 114.33 121 66.20
1250 - 104.22 1.04 102.98 NS'
2500 - 88.90 1.08 81.90
5000 - 135.74 0.81 90.76
MMS 20 - 70.24 0.57 1324.94
DMSO, dimethyl sulfoxide; MMS, methyl methanesulfonate
PeLRS, Percent relative survival
“RTG, Relative total growth )
4MF, mutation frequency; 5-TFT resistant mutants/10° viable cells 2 days after treatment
“n=2
NS, not significant
Table IV — Results of bone marrow and hepatocyte micronucleus of stevioside in ICR mice
Compound Dose No. of Time MNPCE? PCE/(PCE +NCE)° MNHPC*
P (m/, mg/kg) mice (hr) (% mean = S.D) (% mean * S.D) (%, mean = S.D)
Corn Oil (p.o) 10 5 24 0.7 £ 0.82 55.5 = 0.49 2.2 * 0.84
Stevioside(p.o) 62.5 5 24 1.5 + 1.38 63.6 = 10.0 28 £ 0.84
125 5 24 02 * 041 55.2 £ 2.62 34 * 114
250 5 24 0.5 = 0.58 404 = 3.28 3.8 * 0.84
MMC G.p) 2 5 30 46.5 *+ 8.26 41.0 = 4.02 153 * 2.06

“‘The number of micronucleated polychromatic erythrocyte (MNPCE) was calculated from 1000 PCEs per animal.

®The percentage of PCE in 1000 erythrocytes per animal.

¢ The number of micronucleated hepatocyte (MNHPC) was calculated from 1000 HPCs per animal.

MMC; Mitomycin C

Table V — Results of hepatocyte micronucleus test of steviol
in ICR mice
Dose No. of  MNHPC(%pa
(m/, mg/kg) animals (mean = S.D)

Compound Route

Corn Oil  po 10 5 221084
Steviol jeXo] 50 5 2.6 = 0.89

100 5 2.8 £ 0.84

200 5 3.4 = 134

MMC Lp 2 5 15.3 £ 2.06

? The number of micronucleated hepatocyte (MNHPC) was cal-
culated from 1000 HPCs per animal.
MMC, Mitomycin C

Voj »}E}uaam NBBAL Bolg B2 599 B
Aolpdis Sole 5499l AR Helsl) ggtos], A
X 9

i&%lﬂ = %‘&L}.

!
e

selploAjol o) Bole] fuge BT At
TS 0188 HASAWING, MO TRF
SRS o) 83t PR oA W vk o]

L3 in vivo AFAG oM 549 Rl 28]

Vol. 43, No. 5, 1999

0 AR B2 g olgdt 9

UH o3 AILEL iﬂ

o8

AEAE, umu test,'” Rec assay'® 2
HiOE| Z 5 o] 881 GAAFEEW o)A E Vo)A
AR sA] EAjolfte} pHAIgle] Holfniide] gl
R BaEgivh sk,

AHH]E-E

Lo Al

=2 T f=A

Alopgag, Wz

e}

TM677% 0] 83 AEdoirgelsnt &

o] [e)
IS Boln

[e] o}
FEEE

s

FAEE o

i =y

A

[}
E

)P o A E el (TAYS, TA100,
TA102, TA9T)E <183 EREAW
YRR 9kot, TM677 #57F AEu]&o)
Qéoy]h DNA Oﬂ7]€/\ tl:‘— }»Lotloﬂ
o] &g WskE P WA AEE s 7
g et AR 8RR B oo 539
gulge] 13 Ax|2] 524k,
o) Bxslekavt ol Yos)= dg
b AEmioatoj=o] &
K= F-afskAiRt Allue] &
£ AAE #t dold §° U= W0
off gt 7FsAdE wiAl & 5 Qlok i B e
A AEHB|ARIE 9 AHE]ES] #-
3l7] 9j&te) MOLY W A whg-A ZhAE
183 AAES AAlEITH

JRE RS

ozt VR ol

16 % 17 $14]
ERCERE
454 Aok 1 A
F5Elo) etk
EERUE

= 2] 0
@'1 (S]E

]

= =2



620 9:6‘1@ - glelAd
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