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Genotoxicological Safety of Hot Water Extracts of the y —Irradiated Astragali
Radix, Atractylodes Rhizoma, and Cimicifugae Rhizoma in Vitro
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Radiation Food Technology and Bioscience Team, Korea Atomic Energy
Research Institute, Daejon 305-600, Korea

Abstract

As the utilization of medicinal herbs in food and bio-industry increases, safe hygienic technologies for them
are demanded. To consider the possibility of application of radiation technology for this purpose, the genotoxi-
cological safety of three y —irradiated medicinal herbs were studied. Astragali Radix, Atractylodes Rhizoma and
Cimicifugae Rhizoma were irradiated at 10 kGy, and then were extracted with hot water. The genotoxicity of the
extracts was examined in two short—term in vitro tests: (1) Salmonella reversion assay (Ames test) in strains of
TA98 and TA100; (2) Micronucleus test in cultured Chinese hamster ovary (CHO) cells. The extract was treated
at maximum doses of 5 mg/plate in Salmonella reversion assay, and 1 mg/mL in micronucleus test where growth
of CHO cells was inhibited by 50%. In Salmonella reversion assay with or without metabolic activation, both ex—
tracts of irradiated and non-irradiated herbs showed no significant differences in formation of revertant colonies
compared with the negative control. And also in micronucleus test, the incidences of micronucleus in CHO cells
cultured with extracts of irradiated herbs were almost same as negative control in less than 3%. These results
of two in vitro tests suggest that y —irradiated herbs do not show mutagenicity and cytogenetic toxicity. Further
tests of in vivo genotoxicity and chronic toxicity are needed to ascertain the safety of r -irradiated herbs.

Key words: herbs, irradiation, Ames test, micronucleus test, mutagenicity
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Aekaf= A% 71 o 2 37)(Astragali Radix: the root of
Astragalus membranaceus Bunge, -3 A3 4H), M3 Atrac
tvlodes Rhizoma: the root of Atractlodes japonica Koid
zumi, k- 4 A4 2 £vHCimicifugae Rhizoma: the root of
Cimicifuga heracleifolia Komarov, 5424 %355 2] 2ol A
T-oiskeich
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Fsje] okedz)olA] 2A17H4 33] Q14 FEsha 3ol AN R
9% AN F A st BPARZ gk

Salmonella typhimuriumg 0|88t 57 S0i80| AlH
(Ames test)

A g a2 Marondt Amese] ¥ (14,15)o) whg} wlj 2], A
oF & 4% S9 mixF FA 3] A F ol AHgstoden 59 £
(16,17)-2 Pheno—barhital3% 5 6-benzoflavone 2 = %=t Sp-
rague-Dawley rat9] 7+o 228 £-2]8 71 2.2 Y E Oriental
Yeast Co., LTD.oll4] 43t

A& 2}&-% wlejg]o} 7= Salmonella typhimurium
TA987 TA1002.2 Ames 5258 24 o wighon],
histidine 874, deep rough(rfa) 54, UVell et 217 = (worB
Eode]), R~factorell €13+ ampicillin =+ tetracycline WA
5o FA¥EAE FU F A A8tk

EANALE A3 717 o= A Y] A9 standard
plate incorporation test®, S9 mixZ A AL 84 3HA] 7]
£ 7w 9 79l top agarE pouringd}7] Fell 3 vl F
S 3087 ojv] w]oFgl ¥ plateol] =&} preincubation
test2 Al stgch Alg kol ql4bekE8-o 0.5 mL(tHA} 24
82715 A %ol & S9 mix 05 mL), YA 5] Al 884 0.1
mL3} Oxoid nutrient brothell & 124] 7} vjekA 7] 7+ skl
0.1 mL-& go] 7P Al vortex3tsd ol A4 & 7 9ol = 24}
2] A S = 3087 37°Col 4] offu] vhekdt 3 his-
tidine/biotin®] 3 7}€ top agar(45°C)E 2 mL 7}38la 3%t
vortex®}e] minimal glucose agar plate Atel] #o HHA 13}
A7 F=37°Coll A 48417 53k vl o3t 5 B o] =& Al
shdct el A o A2 A9 A A whel B
Auie] A4l Sujizg o 2u) o] golwiy Skl EAd S
Zhe BE 9o R ok w3 A AHgole 4-
nitro-o-phenylenediamine(NPD)#} sodium azides-, 7HdH
2} 73 §-of| =2-aminofluorene(2-AF)S- SFAH A2 EA 2 3}o]
Agle] A3t o R E FA 3L

EZRTF BHLMEE 0T in vitro & ANH

Algel] A4-8 52 A £+ Chinese hamster ovary(CHO) A
¥3 2 ATCC(Manassas, VA4 T-4slsios, GIBCO
BRL Inc.2] RPMI 1640 8} 2] o} HEPES buffer 15 mM, fetal
bovine serum 1096, penicillin-streptomycin 50 ug-50 unit/

= A7 7] b Al E ALg-ste] wjokabelc) st Al
& 27 819 37°C, 5% CO-& F-F T w7 oA A=
E5 uiefsigich

Aguby e Aawel A CHO AE 510702 culture
dish(© 60 mm)ell 3}&3s}e] 27} vlekdt % Fenech?} Mor-
ley(18)9} cytokinesis-block(CB) methodell uheh A £ o] &
o4& o A3} 29l cytochalasin B(Cyt-B; 3 pg/mL)S- Al
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dEH 3 FA Arlsbar 2447k v oFstedch vl oFl-& A A3}

3 hypotonic £<4(75 mM KCl) 2 mL& 7}38}e] 18 30&7F

A ZE BFA 7] ohg, 2% H(methanol : acetic acid, 3: 13}

6: 122 23 A AZ F 27| AxAA AEFE-E wHEY

ot AlZEe] @S FA37] HAste] 3% Giemsa FAH o2
1

1787 AW Ax3 5 P3heiv] 4 22 10000 A 22

stdct A ol A= 2o kel o2 A 25 wlerd & A1E

EA 3 200 S9 mixE H7Fse] 64 7F5-q) vl oF3) t}S *J*d
3.Cy

LB F7hehel 18417 Fak ol )

OO

A8 7)1 = afekaeke] 1/
= EFFTE Nz EARE
A 23 ¥ o} = mitomycin C¢ 0 1 pg/mL), ZH 9 oll A= DMSO
ol =4l benzolalpyrene(0.02 mg/mL)& AF&-3}eic.

AF(MN)Y 52 Almassy £(19)9] 7156l o}ghon A
E3 2 F9 Cyt-Bel 2]g "1] A g EH2 AAdE
1,00078 2] binucleated CBA| 5 £ A 8& 7
slich
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Salmonella typhimurium& 0188t SIH0(3d H5
Zimbido] 2ARR oy Aok (37], W&, poh) el A 35
E°) Salmonella typhz'murz'um TA9RT TAIN FF¢ %"H =
oAwo] A2t & Ao v] x|+ o & FALS}AT) o|u| Al g 3 A3}
B A5 15 AAAAE A9 veh A 5] FalEs
th 2 Ao ookE ol SAAE 715l wbet 3y
E& 5mg/plate® dtod 5utA L] Sako @ AJgsl] en] B
E9Ho] AHakro gk A A}E A 8HE Table 1,2 ¥4
o z4zh vheb e
7 ARl A ET e BFHe] A TABS 3
- 15~247, TA1009] A% 122~1842 4 F3 (14, 10,20 of
vepbd ‘:”H(TAQS-/] 4% 20~5078, TA1009] 4% 120~
200) o} 23r=9l on, Az shgtEol o3 E—-ﬂiﬁi‘%ﬂ
o] Al gtr} 8l 23] ~7P5}°4 B Age] HgsiA A=A
o] Falxjdr}
Zebal A} 3o)el gk A2

l
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A3 (Table 1), tHAFEA 3L 4]

Table 1. Revertant colonies of S. typhimurium strains in Ames test with hot water extract of 7 -irradiated Astragali Radix

No. of revertant colonies (His') per plate”

Test material'’ Dose (mg/plate) S9 mix
TA98 TA100
H.0 - 19, 29, 25 (24) 182, 184, 183 (183)
5 - 28, 27 (28) 186, 157 (172)
] S 25 - 29, 23 (26) 173, 184 (179)
pstragah Radix 125 - 23, 26 (25) 172, 175 (174)
frradiate 063 - 29, 22 (26) 176, 175 (176)
082 . w2oam oo 190, 165 (178)
5 - 94, 24 (24) 191, 192 (192)
] o 25 19, 25 (22) 152, 171 (162)
?Stfglgatleldf‘dd‘x 15 - 22, 21 (22) 188, 177 (183)
irracha 063 - 29, 25 (24) 190, 205 (198)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 082 T 3520”3)196182“89’
NPD* 0.02 2042, 2068 (
Na Azide 0.0015 - 1235, 1258 (1247)
H-0 - 20, 21, 26 (22) 178, 171, 202 (184)
CHO + 29, 24, 36 (30) 204, 196, 188 (196)
5 + 34, 32 (33) 227, 191 (209)
Astravali Racl 25 + 28, 33 (3D 173, 194 (184)
‘(n‘onff‘fr’ia i i (‘j’; 125 ¥ 34, 31 (33) 199, 167 (183)
1ate 0.63 + 28, 26 (27) 193, 161 (177)
___________________________________________________________________________________ 032 83 cey o 18L 72 (82)
5 + 24, 37 (31) 198, 192 (195)
Astragali Radix 25 . 24, 23 (24) 208, 178 (192)
o dg o) 1.25 + 29, 33 (31) 178, 189 (184)
1a 0.63 + 25, 22 (24) 166, 190 (178)
______________________ 032 . .53 23 (28) 174,168 (17D
2-AF* 0.010 v 1183, 1207 (1195) 723, T57 (740)

“Sample was irradiated at 10 kGy and extracted with hot water. The extract was tested with or without metabolic activation using

S9 mix.

“After 48 hr of incubation the revertant colonies on the plates were counted. Data present the number of colonies in each plate and

the numbers in parenthesis are the mean of two or three plates.

*Positive control: NPD (4-nitro- o-phenylenediamine), Na-Azide and 2-AF (2-aminofluorene).
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Table 2. Revertant colonies of S. typhimurium strains m Ames test with hot water extract of r -irradiated Atractylodes Rhizoma

No. of revertant colonies (His') per plate

Test material” Dose (mg/plate) S9 mix
- 7 TA%R TA100
VVVVVVVVVVV wo 19, 20, 21 (20) 145, 144, 142 (144)
5 23, 21 (22) 158, 155 (157)
] . 25 - 93, 22 (23) 138, 134 (136)
fﬁggiﬁ;’gﬁeﬁmm‘ 125 - 18, 25 (22) 145, 140 (143)
063 20, 22 (21) 144 141 (143)
__________ 032 - 19, 21 (20) 144, 136 (140)
5 35, 26 (1) 157, 146 (152)
] e 25 2, 19 (21) 134, 157 (146)
f}g:gg tlggf“ Rhizoma 15 28, 23 (26) 133, 136 (135)
063 - 17, 17 (7) 148, 140 (144)
S 032 - 21, 21 (21) 151, 146 (149)
NPD* 0.02 - 2042, 2068 (2055)
Na Azide* 00015 - 1235, 1258 (1247)
H.O 19, 16, 18 (18) 158, 135, 138 (144)
mO 31, 21, 31 (28) 153, 152 (153)
5 ; 32, % (29) 150, 176 (163)
o 25 . 41, 30 (36) 161, 163 (162)
ﬁgﬁfgﬁgﬂ;g‘mm 125 . 44, 25 (35) 146, 162 (154)
063 : 2%, 22 (25) 155, 158 (157)
________ 032 + %, 18 (23) 156, 151 (154)
5 . 20, 35 (28) 164, 168 (166)
o 25 ' 33, 29 (31) 179, 173 (176)
ﬁg:gf:t]ggf* Rhizoma 1.25 " 23 % (25) 177, 172 (175}
063 s 29, 37 (33) 154, 159 (157)
_____________________________________________________________ 032 30, 21 (26) 187
2-AF* 0.010 v 1089, 1132 (1111) 758 778 (768)

The legends were same as Table 1.

71R] 9t Aol A% " aler 50~032 mg/plated] W9
o4 TA98F} TA100 TFoll 4] zhzt 22~2471 2 162~ 1987}
2A R EH 3 HolA| oo, &4 R (HO0)
2] =X (TA9S: 19~ 2970, TAL00: 182~ 184712} v] s 4] =
frel gk Ale] & Bool#] ¢ighrh i Al &4 8HS9 mix H7H)e]
A M 2 ZhzEe) A3 e ol x] Hywie] A

ehiel Z7hE el Al sdskek A W Y 2ol
R ER SN ERN PP EESOREE LR

§-0]8t zo)7} FHaE]A] erokr}. 7lutAd F Al Wi Z(Table 2)

% ul(Table 3)ll B Aol = 7] Ho] 5 e42] 42|

=z "o
fﬂ- 2zl v].zi}g}x] oLc}J:o Uq 7Ln}ﬂ 21\} ]eg} H]g:/\} ;\]
% 11]'? Zhol 2§23k apo] 7} vheprtx] edof, &7) el High
Al Aot frabgh AaE Bolvh

AspA e m Zhepde] Ak &) wWiE Srkel A5
& BAlde] Algas S7RA7IA sk e H A o Ak
Holfl e R 2h8-ab4] o= A2 B = vk o] Az Sal
monella typhimurium®] 5-75Aw o] Alg el Al whabd 4b
S AL 0), 5] 271D, B7)(22) o) S 5 o

A4 AdF wash A sigic

ZRF HAHMES 0|83 L3 RUY HS
HEZA oA efol s 4l e] Aeto] dofuix ghol

cytokinesis-block{CB) method ©}-& A} o}| binucleated cells®]
A=A o2 ado] e R] ehet <] gl A
WA B By), W& Sk A5 FEES CHOAL vk
ol s1FEE A7t & o A3 AAE Jelligdct oet
A, B AN FAAAE 75l wet50%2] Al E254] G4
£ 32 Img/mLe 3 FEZ sle] 3dbA Tl ZH A8
ol &3 Al ¥ F A5 FEAr-E Asck 4 A8
W2 binucleated cells We L8 f 3ol et AlFAAE
Table 4, 5, 2 6] bl it
LA Ul 2T 74-9- 1,000719] binucleated cells Sl &A%

e 25770 (221057%) A -3 (23-25)°0 VElG 4
Folla, FANZ SFE AN A 29 57} 58] o] A5
Z7)5be] B Al o] AatslA Sslx el s ghalal 2 glqie
Z3Al ZAL 87)8) A4 FE5Fol tist AR (Table 4)0l4 o
AL BRI F1A] -2 A AW 2 A 843 AEe A
xcr A4 5% 1.0~0.1 mg/mLe} Wl ol A} 2~3%2) 28l

=& vehd ez AN ET ulas] 2 o) A|87t
AL FHAIA Ss o = A Fekd 2 AR
svhe| A4 FZFol HEk A3 (Table 5, 6)ol - =
oA B AL 2 AAE viehdle], &
FA) 712 88 o4 5 Usdeh
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Table 3. Revertant colonies of S. typhimurium strains in Ames test with hot water extract of 7 -irradiated Cimicifuge Rhizoma

No. of revertant colonies (His') per plate”

Test material” Dose (mg/plate) S9 mix TA98 TA100
O - 17,33, 15 (22) 161, 131, 120 (137
5 - 34, 32 (33) 143, 170 (157)
Cimicifuge Rhizoms 25 - 31, 24 (28) 139, 140 (140)
( el “gg.'t (;fom" 1.25 - 26, 26 (26) 143, 132 (138)
non rradiate 0.63 - 25, 96 (26) 123, 119 (121)
,,,,, 032 ooossoen 115, 116 (16)
5 - 33, 33 (33) 250, 221 (236)
Cirmicifure Rhizom: 25 - 40, 34 (37) 175, 202 (189)
(.‘m‘g.‘ ‘:"(; rzoma 125 - 33, 33 (33) 153, 167 (160)
irrachate 063 - 30, 25 (28) 145, 140 (143)
_______________________________________________________________________ 082 T ...2%3008 145, 168 (157)
NPD* 0.02 - 2042, 2068 (2055)
Na-Azide* 0.0015 - 1235, 1258 (1247)
H0 - 19, 10, 16 (15) 127, 116 (122)
H0 . N 24, 19,282 120, 113 (1)
5 " 28, 25 (27) 122, 119 (121)
Cimicifuge Rhi 25 v 19, 23 (21) 102, 94 (98)
(’ “ ”ggi tec;f"ma 1.25 + 29, 20 (25) 109, 100 (105)
non-irradia 063 " 19, 29 (24) 81, 110 (96)
77777777777 032 e 19, 18 (19) 108, 102 (105)
5 " 31, 31 (31) 172, 212 (192)
Cimicifuge Rhi 25 + 24, 11 (18) 132, 123 (128)
(.‘m’g.‘ ‘t‘fde) lzoma 125 + 24, 28 (26) 137, 120 (129)
frracia 063 + 18, 24 (21) 128, 127 (128)
________________________________________ 032 22, 17 (20) 10, 110 (1100
2-AF* 0.010 + 1089, 1132 (1111) 758, 778 (768)

The legends were same as Table 1.

Table 4. Frequency of micronuclei (MN) in cytokinensis~blocked CHO cells following treatment with water extract of 7 —irra-
diated Astragali Radix

Test material! Dose S9 mix No. of CB cells with n MN” Total MN/1000 cells
est matena (mg/mL) 1 9 3 4 No. of MN (Mean* SD)
HO I 2,944 53 2 - 1 61 203440
o 1 2,937 5 5 - - 68 227+35
Astragal Radix 03 - 2045 49 6 - - 61 203%5.0

________________ e e e 2884 32 - - 38127506
o 1 . 2,938 52 9 1 - 7 277%100
?Strig‘:gd?ad”‘ 03 - 2058 36 5 - 1 50 153+ 4.0
| rraca 01 - 2965 34 1 - - 3% 120+30
MMC* 0.0001 : 2698 266 30 5 1 345 1150+ 126
_____ HO - + 2,944 5 6 - - e 207440
o 1 v 2.037 57 6 . - 69 230420
pstragal Radix 03 2048 41 5 - - 57 19.0+40
o N 2939 55 6 - - e 923406
o 1 2,927 & 8 - - 81 270+1.0
é::;;iigdf‘adlx 03 203 53 12 - - 77 %B7+15
o1 2,931 63 6 - - e 950460
Bla]P* 0.02 v 2634 34 3% 6 1 115 1383+19.4

"Sample was irradiated at 10 kGy and extracted with hot water. The extract was tested with or without metabolic activation using
S9 mix.

“After 24 hr of culture with sample, 1000 cytokinesis—blocked (CB) binucleated cells were analyzed for micronuclei (MN), in triplicate
experiments.

*Positive control: MMC (mitomycin C) and BlalP (benzolalpyrene).
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Table 5. Frequency of micronuclei (MN) in cytokinensis—blocked CHO cells following treatment with water extract of 7 -

irradiated Atractylodes Rhizoma

Test material” Dose 59 mi No. of CB cells with n MN” Total MN/1000 cells
est materia (mg/mL) 77 ™% 1 5 3 7 No.of MN  (Mean*SD)
______ BO - - 2,945 51 4 - - 59 19.7+32
R i - 204 51 5 - - 61 203%638
Atractylodes Mhizoma 03 - 2962 38 - - - 3 12715
| tonimadiated) gy 2046 40 13 1 - 69 23464
N 1 - 093 43 3 1 - 52 173449
ptractylodes Rhizoma 03 - 2053 43 4 - - 51 170%30
VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV 01 o4 3 3 - - 163538
AMC? 0.0001 2698 266 0 5 1 345 1150+ 126
HO . . 2956 38 6 - - 50 167406
. 1 : 0057 34 8 1 - 53 177481
practylodes Khizoma 03 A T B SR 52 173455
| fommadiated) gy 20 45 121 1 7 253+87
R I : 2050 40 8 2 - 62 206+65
(ractylodes RKhizoma 03 ; 205 &5 8 1 - 64 21340
| lmadiated) gy 208 44 4 4 - 64 213+51
BlalP* 002 ' o634 324 B 6 1 115 13834194

The legends were same as Table 4.

Table 6. Frequency of micronuclei (MN) in
irradiated Cimicifugae Rhizoma

cytokinensis-blocked CHO cells following

treatment with water extract of 7y -

Test terial” Dose SO mix No. of CB cells with n MN” Total MN/1000 cells
est matena (mg/mL) ° 0 1 5 3 1 No. of MN (Mean*SD)

,,,,,,,, no D25 81 5 - .8 ..203%74
B 1 - 2,955 41 4 - - 49 163%3.1
(Cm?fuf%;ﬁ Rg)‘z‘)md 03 - 2048 49 3 - - 55 183423

| renmeded el - 28 88 4 - 66 20%43
N 1 - 2,961 39 - - - 39 130£26
ti?ﬁ;ji‘ifjf fihizoma 0.3 - 2952 46 2 - - 50 16747

VVVVVVV fadmled o1 - 2919 48 4 1 - 57 188%1.0
MAC* 0.0001 - 2698 266 30 5 1 345 1150+ 126

,,,,, BO ko2 & 4 2 T % 19.7%2.1
Cimicifugae Rhizoma ! N 2041 53 5 1 : &6 220+36
o o) 03 + 2946 49 3 1 1 62 20.7+76

rrrrrrrrrrrrr ate ol . 2,939 51 9 1 - 72 240+66
Cimicifugae Rhizoma 1 . 2949 43 6 1 1 62 20.7+ 10
s dl.atjd) 0.3 + 2957 40 3 - - 46 153+15

,,,,,,, o290 810 1 ! 7 ....227185
BlalP* 0.02 . 2634 324 35 6 1 415 1383+19.4

The legends were same as Table 4

A oz, CHOMEE o148 invitro &8 §24 4]
ol A Zetd AL 7], & ] prke] Gp E R S 2
TR wef, A Z ¥ B Y e g deR 4
ol A& fAFIA] ¢k Ao g Algict o] A Ha 5
(20)e} CHL(Chinese hamster lung fibroblast) 4| £& o] &
AAA o]} Aol A whapd AL wi bR ko] f2] A &)
AL 35 Aotel dA39 20, Kang 5(21,22)0] 4
A ol gt dAFrel A 9] el A Fom Akl AL
a7l W gl fAEd A Al S 91 5g Baret o

SEEE

N
o oo

2 o

olafellA] AFHE nie} o] Az} 5L 1322 F 71
in vitro SR EA A& Z Salmonella typhimurium<- 0] 43t
Sadoldd AT R WP EE o) 43 A 1A
Alg& A sl vt 2L 37], WE Y $ute] A4 2F
9 ST S Falsldnt KA e
A FZ7L b E o7 7R A AN Q& A2 RE 2L
2 gAFojof ol ALRERE, of2e] AlFE[ U} A 2
AN A go} 712 A sPE|ojor & Al o2 AR Volra
A5 AE 2 AAEA AY 5ol FrkEchd ek 2L
Aokl <t Ad-g 3] 9 4 9l-& A= ALE "k
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Aokale] AE - AE AIH ol & Zoiof] wheh AJokale] gk
Agh $1A3} 7]go] a7 =L Qleh B Aol Aok
Az 7le2A WA 2A ] &4 7FsAd S HESP
915te], 7t & zAbgk Alokal 3% gt G EA1skA okl
e Frpstaal ok 34 Age L9-hr A 2k A
ekl 10kGy ] 7hobid & 2ARA ) 3], 8% g Sk 81l

om, 747tel A4 2EE A S invitro AP 22 Hrt
. FASA "yl Salmonella typhimurium TA9SS 2
TAL00 775 o]83F 53] Edwe] A3 (Ames test)=} Chi-
nese hamster ovary(CHO) Al Z& o143} in vitro &3
Aoz Agsiadc}t zbzhe] Aj8l-2 59 mixE FH7pgF AL
A8} A 23 H7ehA] -2 w843} A vl o 2 TR
AAstgdon, Age] Ay Al FEs BEdwe] Age
A= 5 mg/plate®, A 8-frFA) E ol A& 5092 A EZA] A
& Yetls 501 mg/mL) 2 slich B3 Fdwe] A3 4
o ojAF A3 S} wijakAdsle) A9 R Soll 7 A g o8k
Aol o] S A 5 o, 7 Ao
"1 tobd FARER} R]ZANE 7] Apolk B 4 %i‘iiﬁ‘ji
2 #3448 FEAgAE ST 2
Al B RARE 25 2F 3 Ao A] A E el A

127} 3% o] &h 2 viehdel wlet, A 5ol ofgh 49

dAE f gdornz eo 7 B} W}?/‘W
ZAM Z47te) gy 24 2 b Sddeldd
5 BAE Yep A Se-E 3?}"“%_} SE
o} &% A Y A=A R EAGAE Y YA SA]
59 714l in vivo A F o] #steziciw @u}xj ZA}
o] bR g vl s 9E oS e
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