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Radioprotective effect of Stevia in Rat

Eun-Joo Son

Department of Food and Life Science,
Graduate School,

Pukyong National University

Abstract

This paper studied the radiation protection effect of stevia, which is a known
natural sweetener for health-conscious consumers. Seventy—eight male
rats(aged 6 weeks) were divided into four experimental groups(control group,
stevia oral administration group, radiation group, and irradiated group after oral
administration of stevia), and stevia leaf powder was orally administered at a
dose of 250 mg/kg for 14 days. Then, irradiation(10 Gy) was perfomed once
using a linear accelerator. The results were obained 1, 3.5, 7, and 21 days after

the rats were euthanized.

In experiments on the rats’ blood components, the lymphocyte and neutrophil
counts were higher than those of the irradiated group (P<0.01 and p<0.05,
respectively). We also found significant results regarding protection against
radiation in the platelets (p<0.05) and erythrocytes (p<0.05) on the 7th and
14th days of the experiment. The administration of stevia leaf powder
effectively reduced the damage of the hematopoietic/immune system caused by

radiation.
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Although statistical significance could not be observed in SOD activity after
irradiation, the irradiated group had higher SOD activity after administration
compared with the irradiated group. On the 21st day of the experiment, the
recovery(29%) of the irradiated group after administration(81%) considerably

differed from that of the radiation irradiation group(51%).

No significant differences in body weight and brain weight were observed.
By contrast, there was a significant difference in the weight of the spleen.
These results, such as those of the blood component test, indicated that the

damage of the hematopoietic/immune system was alleviated.

In experiments involving the cerebral cortex, parenchymal cells, and liver
parenchymal cells, cell death was not observed due to lack of radiation dose,
and the protective effect of stevia leaf powder could not be confirmed.
However, such protective effect against radiation was verifed in a small
intestine observation experiment, which tested jejunum. The protective effect of
stevia leaf powder was also validated by observing the length of the small
villi from the small intestines. Finally, histological observation of the spleen

showed the protective effect of stevia leaf powder.

In conclusion, stevia leaf powder protects the hematopoietic/immune system
(Iymphocyte, neutrophil, platelet, red blood cells) of rats from radiation,
increases the activity of SOD as an antioxidant enzyme, and decreases the cell
damage of the spleen and the small intestines. Therefore, stevia leaf powder

can be utilized as a natural radiation protection agent for the human body.

- vii -
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Figure 1. Chemical structure of Rebaudioside A and Stevioside contained in

stevia
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Table 1. Alternative sweetener market

($ million)

, CAGRY %
Variables 2012 year 2013 year 2014 year-E 2019 year-P
(2014-2019)
High fructose 3,111.0 3,173.2 3,236.7 35736 2.0
High intensity 59500 55125 5,788.1 7,387.3 5.0
Low infensity 2,177.8 2,353.7 25138 3,394.1 6.2
Total 10,538.8 11,039.4 11,5386 14,355.0 45

D Compound Annual Growth Rate

E: estimated, P-projected

Source: US-FDA, FSANZ, UK-FSA, EFSA, Health Canada, and Markets Analysis
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ksl zol gt Absld ~E 2 (oxidant stress)Z <l HAEH sy 7hE A
el ez Al A4 F(reactive oxygen species, ROS)S A A= &
%S Zetth(Fridovich 1 1978, Halliwell B & 1992). @4tsh 24& AuldA &
AAtagol A BAEHAY FdrkstE el ol AA MEY £H ] E4S

WA ¥ = Z (Halliwell B 5 1992, Kovacic P 5 2001, Valko M 5 2001)& WA

Aol = FheEbe} A (catalase), SOD(superoxide dismutase), GPx(glutathione
peroxidase) &9 I AZF Qo] Ao AAEE A FHAwasthi YC &
1975, Lee 5 SY 2011, Gurpreet K 5 2006). 3FATt A thAlel A 7] EH o7
st ddqtaet HE S8terE, Taled T FAWse AsHe AT
s, 2 FolA FASA WAL g ZF o Qs Ao SPANALTL HRFor

A 2 A5 AW Ads-33s dfo] FUAEA A el RauFa §lof

mE

o,

(Bodaness RS ¢} Chan P 1977, Fridovich I 1978, Trush MA % 1982, Aust SD
5 1985, Halliwell B 5 1992, Reiter RJ 1995, Yang JH % 2006) AW 31tst=

AEA Y itz E2E dFE PhenolFe 3dgEo] E2d(Park SI & Jung
DW 2005), Yamamoto N %(2001)3 Lee JU2008)x FE<& 3B FoAE= 2~
Hlofo| ZE|H=R/7 7P Wol o] Aota Hust i Kim JH 5(2010)2

el o} FEE ] Fakst 2L T0% ol Fe® vl w2 FAAst S-S UEd

AsA e oz &4 9 3 o =w s &S ol owE &
214 d=d(Kang YH 5 1995), 2=elH]ofell = 1,310 mg/100ge] thde] Z]uE
o] gfule o mato] ulste] aksl FAJo] 20w o) =
(Lee JU 2008). 123l 7= gk dAakstAIQl Troloxeoto] &4bst Hl A o A =
2HH ol A o] Fe kst o] vEREtial B aiE vk vk (Tadhani MB %
2007)



o} 2Ewofe] s 74
seHlobe] G484 871l F X J1de] Ak 3, ZEuot] EgE
tapel Eesie] APAel Fas A4g3 A, Ao Py BYEES

SN A F= 71A o)t

Zd¥ = 3TELS flavonoids, anthocyanins, isoflavones, tannins, catechins,
resveratrols, lignans &< FAsH AF7H4] 483 EFEdOes FTHUCLEE
6,500 £o] Y= Korkina LG & Afanas’ev IB 1997, Rauha JP 5 2001). o] &2
AEA de] Fx3 FAF 2 Adol b FiFHe] Ad=ul(Urquiaga [ &
Leighton F 2000, Dai ] & Mumper RJ 2010) 2 ®|B]o}o| = t}&e] Zg# & 9]
¥ o] Slth

ZH9E sEEY AFHAR FAkst 71de o 2o

HE2 6719 ©4 Ax7F sdEH
¢l WAl (benzene) iL# el 3ko] =5 A 7] (hydroxyl)”

agln EedES dAmel F A ol ARH A F2E Tarh Fol=sA

e FaE uE 2 dedezxa AA 148 ARt AVIA Ha olAS
A7 agh @A TG o EN Akt 28-S Tk o2 27] Tl
AdE Fe717F b E sehEo] H=s ool AhsAdS JATHLee SH &
1996).
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Figure 2. Chemical structure of polyphenol

2gHlole] AU &FikstA| ~elel tfg gAML} A tha ) 2
WA 59 7HA] U oR 53 B2 4Tl AL
A, QA o)X HAHATP, adenosine triphosphate)oll 4] A3 o] R L3

n EZ = g ok(mitochondria) = A4S o]&3sto] AUZ S48 XEE(glucose) S

ol gstal delyx et ATPE WEAI7|H, =(H0) 3 o] 4FstekA(CO2)7F mhA] Htol
FabE R wAgth shAI R A E AFgol A AFda e Wt e A A

Aol gkakA] Egk kg Fo] Qle] wol E(H0)ol ok #Aksha A (Ho0) 7F
FAME R PE A9 A aeal s AHO)E THA ol FEIE EA)
ahal A= AbAkel A&ste] ZFAEsto] (- 0,-)0] ®th(Pelicano H & 2004,
Birch-Machin MA % 2013).

A, AARNEZEE dAlAE T3, T4 288 QA7 & Jarses

(H:0.)7F Bastal o] Za AA WolA vbEolA AbEdvh AREH L 2 kst
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(HyOo), s#AFstett] ZH( - OH) &
o e sty =d& S dFew FA I HKee HS 5 1997).
< e e FoR Ryt o] Foixin.
kst
A AU &4<l SOD(superoxide dismutase)ol &8 I4FabE4(H00)%E 1
HE 202~ + 2H+ — HoOp + Op). 283 IAtsteis HedSAdda
(TR, thioredoxin reductase)®} ZFEE]23A3& A~ (GPx, glutathione
peroxidase)ell ¢ &} &(QCH0)® &3 ¥ A HH0, + 2H+ + 2e- — 2H0) 7}&et
Al (catalase)ol &3] & (2H0)7 4t (0 R 38 = WA (2H0, — 2H,0 + O) <t
AstE A Eo] ®rh(Salin ML 1991, Anderson MD % 1995, Hong SC 5 2009).
a9 SODE #AtFe] & @A =E Ade HA F5EA Rsta wE o
HAY(Donnelly JK 5 1989, Kim SJ & 1995). %3 &3 pHel E3-A s}
(Korycka—-Dah M & 1979). ZLefA]l Aol &Akst 712-& 9JsiA] SODSF frALs
24& st EES e At @ds] xd FJdul(McKersie BD 5 1993,
Bowler 5 1994, Lim & 2004) Z#u]e}= SOD2| Aol #ofste] SOD 448 E
17747% S7FA 713 3aks 712 @A st A dv= -+ Ba(Choi YS & 2011)
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Figure 3. Stevia metabolic pathway
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m. A5 2 o

O+
1)

22 AS 4 FH Spraque Dawley rat(SD rat) A (AF 75~
124 g) 78vtg] Z &}vbulo]l @ (Gyeonggi, Korea) Z5-E ¢35l Alg3tHct. A3

2o ASE A st ZEAYAE Clean Roomol A &3ttt Clean

Room? 2%+ 2142 C, 5= 5545%, HF7]E= 1247 /Day Cycle® 4

T3 BFALRS Dol 255 A2 HIER dto] A9es agtt 2y x
7d0o] At H AdTS HASAY 2 A7 Ad5E IF2 5228829
¢ 3] (institutional animal care and use committee, IACUC)S] =<213}o] 3% ¢l

th(=Q M3 2019-002).
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Table 2. Experimental design of rat

Variables 1 day 3.5 days 7 days 21 days
N 6
S 6 6 6 6
10 Gy 6 6 6 6
S+10 Gy 6 6 6 6

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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th ZHH] o} FEH
A2 AHEE ZEEole Falldie] H7hd Wxe Fa 2% glo] 7hest
ds Y, Ax ) 8k=r 2~ g H] o} (Jeongeup, Korea)
oA AFHol AFESIATE EEAAEHC AlRE Fujste] Hol g FHolA ALE
st oem AFATE Farste] 250 mg/kge 2 47 Fol& FH A (Rajesh S
5 2012).
Az o] 13] AFEA7F aFFoloj A 1Y A FAAES 139 Axzste] vro] A}
otk 19 AA T2 vg3 2o 1vke] Fol & 625 mg/250 g, Z=HH] o}
Fo A 48 viel/d, 19 AA FoJ®E 3 golvh 18la 3 g9 2HHo} ART

= 96 go Foleol HogA Aol 2 g/ 250 g2 AT FsIith
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B AAE 98] EDTAC(ethylenediaminetetraacetic acid)-K37F 24 € A

i)
P
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FEE AH&EAer SOD 24 A4S 98 SOD Assay kit -

WST(Dojindo Inc, Rockville, MD, USA)E A}-&3}%th.

A 71712 dFEA 7] (BC-2800Vet, Shenzhen Mindray Bio—Medical Electronics,

China), Chemiluminescent immunoassay(Roche Diagnostics, cobas €602, USA),
A)

YA 22 7] (Union 32R, Hanil Science Industrial Co., Korea)Z Ag3dtgon A3

Aol A ARGk ARE7IZIE ARE-SFIT
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Aol Foi e vhS 3 Zrh ZEHoH625 mg/250 g) wEHES HoA wE

ZAE A ¥ 7145 7](Synergy Platform, ELEKTA, Stockholm Sweden)Z
o] §3tsith WAt ol #EsA EAIEEE AF A FE 30x30 cm® ofAE AA
A o] 2 (case)Z o] &3tsith WA Field Size: 35 x 35 cm*® 1A dkaL 6mba] 4
Y& FH ofa¥ caseE WAMAAAA olgetA] FrEF FAHES HFATL
SSD(source-surface distance)100 cmollA] Zo] 15 cm A AH o] Max dosel! 6
MV Xdez Dmax A3 AA=ws Faste] 10 Gye 13 d4 zAE AT
(Park HR & 2005, Kim SH & 1998, Kim & & 2006, Choi HS & 2017).

Aegt A o] ZAH RS 5H7] fete] AR AL A del| 2AMES Au
A stArk. AuA o= A Alelectrometer, Lot. PTW/T10021-00427, Freiburg,
Germany)9} A# dtion chamber, Lot. PTW/TM30013 farmer type, Freiburg,
Germany) & o] &3ttt mtH = 1% AFARe] AXE 7] 93 vwH = 5HA

skt

|= R R

WAL A 1Y, 359, 7Y, 21Y AR b ol AlsE AFs AT
2% Isoflurane = & vh3 § HFE diste] AEsta 722 HJAY 25 55
gAgdmE S3l WS AFstF e 249 AFH= vhet Zo] AldstAnh



NMEE olg& 3 cm FE(FH, jejunum)F-El ¢F 3 ecm7E Aslgo. 18
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A3 dAE EDTA(ethylenediaminetetraacetic acid)-K37} &-f¥ EDTA %

B ¥1u Z¥ "A|(coulter mixer)E ©]&3to] 1568 =&t a8l FEA

E
yy
<)
e
o
e
e
~

53} & 4 (SOD, superoxide dismutase) =74

AFAS dAS 4 °ColA 600 g= M A4 F27](Union 32R, Hanil Science
Industrial Co. Korea)E ©o]-&3sto] 1023 94 &8 3tk FA Aol2 sty
o] ZFoz YgojR gAS AES o839 sample solution I enzyme
working solution, dilution solution, WST working solutiong A Z3sFdth. 18 1
sample solution, enzyme working solution, dilution solutione 20 pulL, WST
working solution& 200 pl | %o = 7ol blank wello] ¥Avh 81
incubatorZ ©]-&, incubationd}e] &F3 % =4S FHZ 9t} incubator &EE

37 C¥ 2™ incubation AlZF2 20%°]%lth. 18] 3 microplate readerE A}-&35}o]
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SODe] &= ALk v&3 2o
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I unite = &pdek. 2elar 71719 vl el e s 4 F3= &

o] SOD activity2 2135} t}.

o
=
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ol
o

SOD activity inhibition rate(%) =
{[(blank 1-blank 3)-(sample-blank 2)]/(blank 1-blank 3)} x 100
* blank 1 : WST working solution + double distilled water
+ enzyme working solution
blank 2 : WST working solution + sample solution
+ dilution solution
blank 3 : WST working solution + double distilled water

+ dilution solution

b zH o A}
gopavy el Agd AdEBe Hsh &%, WA, b 2Ae Arhgs

(autolysis)E WA|37] Y&l 10% X242 (formalin) o2 1ASAT 28|
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Table 3. Hematological profile after 1 day of irradiation

Variables N S 10 Gy S+10 Gy
Lymphocyte
5 4.68+0.61 6.13+0.89 0.53+0.20 1.03+£0.19
(x10°/ub)
Neutrophil .
5 1.45+0.24 1.42+0.28 0.77£0.21 1.00+0.17
(x10°/ub)
Platelet
5 1079.15+124.02  1197.08+137.12  1205.35+271.05 1359.13+188.60
(x10°%/ut)
RBC"
5 7.18%0.11 6.78+1.48 6.96+0.14 7.44+0.09
(x10°/pe0)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

S+10 Gy. normal cntrol + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
YRBC: red blood cell

“ p<0.01 as compared with 10 Gy group

* p<0.05 as compared with 10 Gy group

_28_



T(neutrophil) &7 3£(0.63£0.20 x 10°3/u)o] WA ZAME S &=A
x 1073/pl)oll Hl3ke] ol Al =A S % ATHP<0.05). WA A

EFF NEgol Tl va) 2% Ao va Fol ¥ 2ATY EFT AR

>
M
1o,
[06] 1_01,
ofy
>
M
lo,

= izl HE) 38% = AR AR v A 16% <hstE = 2k Al

Table 4. Hematological profile after 3.5 days of irradiation

Variables N S 10 Gy S+10 Gy
Lymphocyte
: 4.68+0.61 5.63£0.36 0.09+0.01 0.10+0.02
(x10%/10)
Neutrophil .
: 1.45+0.24 1.38+0.31 0.37+0.08 0.63+0.20°
(x10°/p0)
Platelet
5 1079.15%£124.02 1082.08+127.08 1137.56+192.25  1087+165.18
(x10°/10)
RBC
5 7.18+0.11 6.97+0.26 7.00+0.28 7.19+0.11
(x10°/u0)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
YRBC: red blood cell

* p<0.05 as compared with 10 Gy group
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AR ZAF 3 792 "o AR o] W3S Table 59 U
9 A (platelet) =4 7£(39.83+10.11 x 1073/wl)o] HHARA
4024250 x 10°3/pb)oll w1kl f-ol8tAl A 45 A Hp<0.05).
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Table 5. Hematological profile after 7 days of irradiation

Variables N S 10 Gy S+10 Gy
Lymphocyte N
5 4.68+0.61 6.42+2.10 0.12+£0.04 0.32£0.18
(x10°/ub)
Neutrophil .
5 1.45+0.24 1.32+0.75 0.12+0.08 0.20+0.06°
(x10°/ub)
Platelet
5 1079.15+124.02  1047.25£91.06 14.02+2.50 39.83£10.117
(x10°/ub)
RBC"
5 7.18+0.11 7.11+0.21 6.30+0.35 6.78+0.13
(x10%/120)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
YRBC: red blood cell

“ p<0.01 as compared with 10 Gy group

* p<0.05 as compared with 10 Gy group
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(p<0.05).

Table 6. Hematological profile after 21 days of irradiation

Variables N S 10 Gy S+10 Gy
Lymphocyte
5 4.68+0.61 5.45%0.62 1.55+0.30 2.07+0.36
(x10°/ 1)
Neutrophil .
5 1.45%0.24 1.45%0.16 0.25%0.14 0.47+0.14°
(x10°/ 1)
Platelet .
5 1079.15+£124.02  1704.05%45.13  343.03£62.10 530.08+148
(x10°/ 1)
RBCY .
5 7.18+0.11 8.02+0.12 3.67+0.49 4.54+0.63
(x10%/ 1)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
URBC: red blood cell

* p<0.05 as compared with 10 Gy group
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Fig. 4. Lymphocyte variation by date after irradiation

10 Gy. Normal control + irradiation(10 Gy)
S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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Fig. 5. Neutrophil variation by date after irradiation

10 Gy. Normal control + irradiation(10 Gy)
S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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o] 4 Fo] F FAFA(S+10 Gy)el FAA7F WARA ZARE(10 Gy)ol Hls) v A
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Fig. 6. Platelet variation by date after irradiation

10 Gy. Normal control + irradiation(10 Gy)
S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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Fig. 7. RBC variation by date after irradiation

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
RBC: red blood cell
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2. SOD(superoxide dismutase) 4= =3

Fol & ZARE(S+10 Gy)ellA &4 9] a7 A A (p<0.05).

Table 7. SOD activity level after 1 day of irradiation

Variables N S 10 Gy S+10 Gy
SODY activity
0.080 0.087 0.048 0.068
before dilution(U/20ul)
SOD aciyges 3,980 3.825 2.395 3.395
in 1ml of sample(U/ml)
D activi .
SOD activity 429,841 413.105 258,660 366.661°

in blood(U/ml)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
PSOD: Superoxide dismutase

* p<0.05 as compared with 10 Gy group
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Fig. 8. Graph of SOD active level after 1 day of irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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M-S 2AREE S Ao SOD 4ol "E asklth elal 1Ak AR

H(p<0.05).

Table 8. SOD activity level after 3.5 days of irradiation

Variables N S 10 Gy S+10 Gy
SODY activity
0.080 0.073 0.034 0.052
before dilution(U/20ul)
~ SOD actvigs 3.980 3673 1675 2,605
in 1ml of sample(U/ml)
SOD activity 429 841 396.365 180.901 281.341°

in blood(U/ml)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
YSOD: Superoxide dismutase

* p<0.05 as compared with 10 Gy group

_38_



100 100
90 90
80 80
70 70
& 60 8 60
g H
2 50 0.0739, 50 2 so 0.0734, 50
E =
€ 4 £ 40
30 30
20 20
10 10
0 ]
6.4E-05 0.00032 0.0016 0.008 0.04 02 1 6.4E-05 0.00032 0.0016 0.008 0.04 02
Dilution ratio Dilution ratio
10 Gy S+10 Gy
100 100
90 90
80 80
70 70
& 60 £ 60
= T
2 so 0.0335,50 £ 50 0.0521,50
3 3
E Z
£ 40 £ 40
30 30
20 20
10 10
0 0
6.4E-05 0.00032 0.0016 0.008 0.04 02 1 6.4E-05 0.00032 0.0016 0.008 004 02
Dilution ratio Dilution ratio

Fig. 9. Graph of SOD active level after 3.5 days of irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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Table 9. SOD activity level after 7 days of irradiation

Variables N S 10 Gy S+10 Gy
SODY activity
0.080 0.080 0.018 0.037
before dilution(U/20ul)
SOD actiyi 3.980 4015 0.895 1.845
in 1ml of sample(U/ml)
D activi .
SOD activity 429,841 433,620 96.662 199.260"

in blood(U/ml)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
PSOD: Superoxide dismutase

* p<0.05 as compared with 10 Gy group
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Fig. 10. Graph of SOD active level after 7 days of irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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FARE(SH10 Gy)ellAe] 2457 stk WA RARE(0 Gy) tiEa ]
52%% 8Bkl om Fol F ARL(S+10 Gy)e 81%% 3] %3} tHp<0.05).

Table 10. SOD activity level after 21 days of irradiation

Variables N S 10 Gy S+10 Gy
SODY activity
0.080 0.088 0.043 0.066
before dilution(U/20ul)
- SUD adule 3,980 4415 2.145 3.310
in 1ml of sample(U/ml)
SOD activity 429.841 476.825 231.661 357.480°

in blood(U/ml)

N. Normal control
S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation
S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation

DSOD: Superoxide dismutase
* p<0.05 as compared with 10 Gy group
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Fig. 11. Graph of SOD active level after 21 days of irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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3. AT &4

o

Ass &
Folt o
ojom Fof F A HiF AT 256.35+9.6 g oAk AT 7He) {4
< iAok (Fig. 12).

s Ave v 2o WA dizde] AFo] 253541057 gol At
o AlFS 309.67+20.3 g

o

N

Body weight(g)

350
300
250
200
150
100
50 x‘ y, |

o — -
M 5 10 Gy 5+10Gy

| W Body weightig) 253.5 309.6666607 2521666667 256.35

Fig. 12. Comparison of body weight after irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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4. 5 R B AZ FA FA

ZolE AT AT AT HAFY FAs 2e £o22 067003 g,
0.81+0.07 g, 0.29£0.04 g, 0.34+0.02 g °IATh. WA AL (029 @) Fo & =
AFE(0.34 g) Abololl A f-oA4 e ZolE YEFITHP<0.05)(Fig. 13, 14). HARA
ZARES] v FATE gzt vl 43%30 Zel vl Fo o x 5
Ax dEzed Hl8 51%2 WA ZRANE i8] 247t 8% &3tE = a7k U9
=3
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Brain weight(g)

18
1.85

18

1.7

1.65

16

N 5 10 Gy 5+10Gy

| M Brain weight(g) 1.802 1.885 1.7655 1.7105

Fig. 13. Comparison of brain weight after irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection

10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)

_46_



o9
0.8
07
06
0.5
0.4
0.3
0.2
01

o

Spleen weight(g)

p <0.05

5 10 Gy

S+10Gy

| M 5pleen weight{g)

0.668

0.831666667 0.28B8833333

0.344833333

Fig. 14. Comparison of spleen weight after irradiation

N. Normal control

S. Normal control + stevia(250 mg/kg) oral injection
10 Gy. Normal control + irradiation(10 Gy)

S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
p<0.05 as compared with 10 Gy group
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R EEERS

A9 A% 07 e85y 5o HHA AAE de) WG g9
Ao B2 AT e 2. OEE Folw, MAN AR, Fo B 2AE &
© 2 1.46%0.050 mm, 1.43+0.03 mm, 1.40+0.05 mm, 1.40+0.05 m

Aol iz el ARl o7t FA 4 glo] wi=d Adas B

m=z EE

t}.(Table 11)(Fig. 15). T3 w23 Ao A HoArE ZE Ao AE3 =

AZE BF & 5 UAH(Fig. 16).

Table 11. Cortical thickness after irradiation

Variables N S 10 Gy S+10 Gy

Cortical
1.46£0.05 1.43+0.03 1.40+0.05 1.40+0.05

thickness(mm)

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
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@ N. Normal control "“‘-.. a @"'ﬁ
@ S. Normal control + stev1a7(250 OEHCUO
@ 10 Gy. Normal control + 1rrad1at10n(-10' Gy)
@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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! g -
Fig. 16. Phot&qiicrographs 0 parenchyma cells

r
% rd
"] 7

@ N. Normal control ?t &-"’

@ S. Normal control + stevia(250 OEHCUO
@ 10 Gy. Normal control + 1rrad1at10n(‘19 Gy
@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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. A% (intestinal crypt) ¥z

A AL F 19, 3590 28 AEE AR 19 ARAN 2GE
S =) Aol A gtk SAR WAAIEAZAA o B Amel AbE

of deojutar Sitk(Fig. 17 1, 2). 2 A& 359 A= WrpdzAbe] 2%
ZA7F AA 90 g Fof F R2ARAAE a4 o g 2%

(e}
¥
ol o (Fig. 17 3, 4).
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Fig. 17. Photomicrographs of the crypt survival in the jejunal
circumference on the H&E stained section of rat intestine at 1 day(1, 2) and 3.5 days(3,
4) after 10 Gy irradiation. Stevia treated group is 2 and 4.

Stevia treated groups(2, 4) are significantly higher number of crypts in the jejunal

circumference than irradiation control group (1, 3).

(D N. Normal control

@ S. Normal control + stevia(250 mg/kg) oral injection

@ 10 Gy. Normal control + irradiation(10 Gy)

@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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AZ7F FEste] wro=m Zdojx vwd, WA AP &
2 Al E(intestinal crypt)d] o} E A ~(apoptosis)”F 7+&
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359 o]%(Marklund® Marklund 1974)8t& A3 =
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Table 12. Villi length after irradiation

Variables N S 10 Gy S+10 Gy

Villi length(zm) 710.0£16.7  775.5t139 373.5%27.6  609.0£29.8

N. Normal control

S. Normal control + stevia(250 mg/kg) was oral injection

10 Gy. Normal control + 10 Gy irradiation

S+10 Gy. Normal control + stevia(250 mg/kg) was oral injection + 10 Gy irradiation
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Fig. 18. Photomicrographs of villi length

(D N. Normal control

@ S. Normal control + stevia(250 mg/kg) oral injection

@ 10 Gy. Normal control + irradiation(10 Gy)

@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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2. Hlgel
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e

ol AFAd A A E(megakaryocyte) 9 M) T2l white pulpS
Zetr] flste] 35l M-S AFste] WS AtH(Fig. 18). AdAEE= #F
3k = Y 28l white pulpE BE AlEOA oF 4/ImrE A= H]S2SHA
7z = vk kA RE WAL ZARE ()l A = white pulpZt A9l A EO 7ban gl

a8 i Fol F ARSI AM = WA AR Ol Hl gk} Wo] dHelglth
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Fig. 19. Photomicrographs of the megakaryocyte and white pulp in the
spleen on the H&E stained section of rat abdominal cavity at 3.5 days after 10
Gy irradiation. Stevia treated group is 2 and 4. There are more white pulp left in

number 4 than number 3.

D N. Normal control

@ S. Normal control + stevia(250 mg/kg) oral injection

@ 10 Gy. Normal control + irradiation(10 Gy)

@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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Fig. 20. Photomicrographs of the liver parenchyma cells

(D N. Normal control

@ S. Normal control + stevia(250 mg/kg) oral injection

@ 10 Gy. Normal control + irradiation(10 Gy)

@ S+10 Gy. Normal control + stevia(250 mg/kg) oral injection + irradiation(10 Gy)
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