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1.1 Methylated chitosan (TM,,-CS)

A ' { 1
3U7 5 ugay FT-IR (KBr) spectra 189 TM,3-CS mugjﬂﬁ 6 Wax 7 W8AY H-NMR spectra
289 lalaguuas TMu-CS aud1au NMR spectrum 289 TMya-CS asiianwmsasnany
' @ P ' A A ' Y
lalamu udzUmngdyauiidhuniy 3.2 ppm Sauaas G18ny methylation ulassai

luanazas TMs-CS

1475

Tranemittanice (%)

3500 3000 2500 2000 1500 1000
Wavenumbers (cm'l)

gﬂﬁ. 5 FT-IR (KBr) spectra of TM,3-CS
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H2
Hl NHACc
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Chemical shift (ppm)
o
E‘ﬂ'n 6 1H-NMR spectra 983 CS (D,0/CF;COO0D)
N*(CHs)s
\ N(CHs),
H3-Hé, Hé'
H1' H1
HOD
UM L
T T T AZaas LA LU |V [ [AAR) U U
7 6 5 4 3 2

Chemical shift (ppm)

Eﬂﬁ 7 1H—NMR spectra U839 TM,4;3-CS (D,0/CF,COOD)

21



- .~ - . -
myaeuRuT lnlagnuievhasbn

1.2 methylated N-(4-N,N-dimethylaminobenzyl) chitosan (TM-Bz-CS)
1.2.1 MIFIATIEA N-(4-N,N-dimethylaminobenzyl) chitosan (DM-Bz-CS)
nnFuaTzReunus lalasu Ao N-(4-N N-dimethylaminobenzyl) chitosan lag¥iinns N-

v a A
benzylation 'l& %Substitution @3uaaIlua13190 5

o
®1979N 5 The N-benzylation of chitosan

Samples Aldehydes %Substitution FW’ %ES’ %Yield”
targeted
0
A 300 219.6 422 61.2
H
100 186.8 175 59.5
HaC—-N
CHs 50 176.8 10.0 70.0

“Formula weight (FW) = 12.2+(FWof N-benzyl GIUNXES)+163.5X(0.94-ES)
1
"Determined by H-NMR; ES (%) = (Ar/n/H2+H2'+1/3NAc)X 100

“Yield (%) = (FW of N-benzyl GIuN of product/FWof GIuN of chitosan) X100
ES = The extent of N-substitution

ﬁnmqmauu“élmamumwﬂ‘ﬁnﬁmmavgﬁuﬂﬂkw‘muﬁm‘%uuw lagld IR spectra (a
Nicolet Impact 410 Fourier Transform Infrared (FT-IR) spectrometer) Wssualagnalay 1
potassium bromide L&e Lﬂéiao 1H-NMR (a Mercury Varian 400 MHz spectrometer) lavazany
10 mg chitosan and N-benzyl chitosans @38 1% (v/v) D,O/CF,COOD.

FT-IR spectra 183 CS uar DM-Bz-CS ﬁﬁ degrees of substitution LYiNNU 42.5% uaadln
ElJﬁl 8 absorption bands ﬁ wavenumber 3430 cm-1 fio OH uae NH, groups absorption bands ﬁ
wavenumber 1648 LLas 1377 cm'1 fia C=0 uaz C-0 stretching U89 amide group &34 absorption
bands ﬁ wavenumber 1594 cm'1 fia N-H deformation 289 amino groups &% 1155, 1081 LAz
1033 cm'1 fio symmetric stretching U8Jd C-O-C UuWae involved skeletal vibration 2ad C-O
stretching UWR: absorption bands 5%‘] ﬁ 1602, 1514 W8z 1470 Wz 704-836 cm’ fia C=C

stretching ez C-H bending out of plane 983 aromatic group ANE1AY
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: ES 42.5% | W
& ; ; DM-Bz-CS
[ I
[ |
(L S
c=C C-H defotmation
O-H, N-H stretching stretching, Ar  (out of plane)
3500 3000 2500 2000 1500 1000

Wavenumbers (cri 1)

Eﬂﬁ. 8 FT-IR (KBr) spectra of CS and DM-Bz-CS
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A da Y
Elh’] 9 LRAY 1H-MNR spectra PYaJd CS e DM-Bz-CS Nd % ES W1nYU 42.5% LAY

17.5 % ES

¢, OH
4 s
1
HO—Y s H
0.94-x
H;,C'N\CHJ
HOD
: /CHj
Aromatic protons -N,
CH;
H3-H{, Ho6'
H2+H?2'
NAc
CH-ENH
ES=42.2% l L
ES =17.5%
H2
| LL Chitosan

] e i (R RS (R0 55 PR 5 T T R TR PR U R BT 2 A R RS P
3 H 1 i 1 . 3 3 1 ] 1

Eﬂﬁl 9 Uway 1H-NMR spectra 183 CS laz DM-Bz-CS (D,O/CF;COOD)

N-(4-N,N-dimethylaminobenzyl) chitosan, A. FT-IR(KBr): 3430 cm-1 (O-H and N-H stretching),
2923 cm-1 (C-H stretching CH;), J602, 1526 (C=C stretching of aromatic group), 1377 (C-O
stretching of amide group),1155 cm-1 (C-O-C asymmetric stretching of GIuN), 1081, 1033 cm-1
(C-O stretching of GIuN), 811 cm’ (C-H bending out of plan of aromatic group). 1H-NMR
(D,O/CF;COO0D): 0 (ppm) = 7.52 (s; 4H Ph), 4.93 (s; 1H H1), 4.42-3.53 (br. m; 7H -NH-CH,-,
H3, H4, H5, H6 and H6'), 3.12 (s; 6H N(CHs),Ph ), 2.97 (br. s; 1H H2 and H2"), 1.91 (s; 3H
NHCOCH,).
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1.2.2 NMTRILATIEA methylated N-(4-N,N-dimethylaminobenzyl) chitosan (TM-Bz-CS)

NIFIATER TM-Bz-CS uam‘lugﬂﬁ 3 % quaternization GIUEAIlUANTIOA 2 AN
qmauu‘?\mamUmwﬂﬁmf'naem«;w”uﬁ"ldmmuﬁm?uu"lﬁ lawld IR spectra (a Nicolet Impact
410 Fourier Transform Infrared (FT-IR) spectrometer) Wwisuaetlas o potassium bromide
IWae Lﬂ%‘aa 1H-NMR (a Mercury Varian 400 MHz spectrometer; lasazany TM-Bz-CS @2y 1%
(v/v) D,0/CF,COOD J1fi 10 ua@a FT-IR (KBr) spectra 183 TM-Bz-CS @mguil 11 uma 'H-
NMR spectra 189 TM-Bz-CS enagay

TM-Bz-CS

Transmittarce (%)

1475

300 3000 2500 2000 1500 1000
Wavenumbers (cr 1)

gﬂﬁ 10 FT-IR (KBr) spectra 983 TM-Bz-CS
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N*(CHg)sPh

N*(CHg)3GIluN

Aromatic protons

Eﬂﬁ 1 1H-NMR spectra V83 methylated N-(4-N,N-dimethylaminobenzyl) chitosan (ES=42.5%)
in D20

"H-NMR (D,0/CF,COOD): & (ppm) = 7.75-7.50 (dd; 4H Ph), 5.34 (s; 'H H1, H1"), 4.42-3.13 (br.
m; 32H -NH-CH,-, H2, H3, H4, H5, H6 and H6', br. s; PAN'(CH3)s, s; O-CHg, br. s: N'(CHs)s),

2.71 (br. m; 6H N(CHy),), 2.31 (s; 3H NHCHS3), 1.97 (s; 3H NHCOCH,).
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2. sz ugmuauiamInunIwues Plasmid DNA/BwiuSlalamuasuiwing fsandudisg

2.1 %WﬁﬂiﬁﬁﬁuﬁLﬁ@\mﬁh:ﬂaUL%O‘EauﬁuuuitﬂﬂU"Tﬁ gel retardation assay
lagvinmadszifiuanusmantalumafeasszneuiBafouus 1 % agarose gel LF

nszualwih 100V ({waen 45 Wil wdsnsiudaudaan ethidium bromide leTwaeTouam'lugﬂﬁ

s A
12-15 LLG:&E]JNRGIGG]’]TNYI 6

TM,,-Bz,,-CS

N/P ratios
sl A

Marker pDNA 0.7 1.5 3 6 8 11

gﬂﬁ 12 ILI8®3 agarose gel electrophoresis U84 plasmid DNA W TMs;-Bz43-CS complexes 7

N/P ratios 614 9 lay Lane 1: DNA marker, lane 2: plasmid DNA (0.5 Llg) and lane 3-
8: TM5;-Bz43-CS/DNA complexes ﬁ N/P ratios fia 0.7, 1.5, 3,6, 8 LAz 11 @UEGL
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TM,,-Bz,,-CS

Marker pDNA 0.7 1.5 3 6 9 11

gﬂﬁ 13 UAG agarose gel electrophoresis 189 plasmid DNA Waz TM,;-Bz,3-CS complexes ‘ﬁ

N/P ratios 619 ¢ law Lane 1: DNA marker, lane 2: plasmid DNA (0.5 [lg) and lane
3-8: TM,7-Bz43-CS/DNA complexes ﬁ N/P ratios fi8 0.7, 1.5, 3,6, 9 Uax 11 UEIAU
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TM,,-Bz,,-CS

N/P ratios
e il

Marker pDNA 08 1.5 3 6 9 12

i o
gﬂ‘n 14 L&A agarose gel electrophoresis U84 plasmid DNA W8 TMs;-Bz,5-CS complexes 1

N/P ratios 614 9 lay Lane 1: DNA marker, lane 2: plasmid DNA (0.5 [lg) and lane
3-8: TMs7-Bz13-CS/DNA complexes ﬁ N/P ratios fia 0.8, 1.5, 3, 6, 9 LAz 12 AURIAU
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CS
N/P ratios
A
on N
Marker pDNA 1 2 4 8 12 16

g‘lJﬁ 15 ua®3 agarose gel electrophoresis U843 plasmid DNA 8z CS complexes ﬁ N/P ratios
@19 9 lae Lane 1: DNA marker, lane 2: plasmid DNA (0.5 pg) and lane 3-8: CS /DNA

complexes | N/P ratios fie 1, 2, 4, 8, 12 Laz 16 AVE1AU

4 A =) = a
@131 6 a7U N/P ratio fifianauWANTauY IOl ‘naa"lﬂ“[wmmuaua:m&wuﬂﬂ‘[wm

Samples N/P ratio, which complete

complexes formation

TM57'BZ43'93 3

TM,47-Bz43-CS 1.5

TMs7-Bz45-CS 3
CS 4
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22 mﬁwm@mﬁmﬂmao pDNA/chitosan complex
‘J s 1 ' “: Vd a v
@384 pDNA/chitosan complex NOAINEIUGANIS) mvlnﬂqmwn“wauﬂunm 15-30 w17
4 9 va o e o2l o e - y 4
Lwa‘lmnmmsﬂs:nam‘nmauﬂaugmf NRIINUKLAY sterile water MUK 400 pL WIRIIRERY

P @ L a o a . v e a a
flaluiavuaeumeauazilszauuiuiadiniaie Zetasizer lal% automatic mode Nigaunni 25

& da A
®E Na‘naa'umﬂmgmaua:ﬂs:quuwunmuamgﬂn 16-19

A. TM57-Bh3-CS

50 + - 4000
A0 + 3500
30 +
< + 3000
E 207
E 104+ + 2500 2
g ok —D—zz.ta-potential 1 2000 E
9- & sz 5
g -10 + + 1500 =~
20 +
+ 1000
230 +
-40 + - . e . » e 7500
-50 t t t t 4 + - ! | + 0
0.7 15 3 6 8 11 17 23 34 45

N/P ratio

A
g‘lJ’n 16 The particle size and zeta-potential of DNA / TMs;-Bz43-CS complexes at various N/P

ratio
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B. TM47-B743~CS

50 T - 4000
e + 3500
30 +
% o + 3000
g 10+ T 2500 @
§ —O— zeta-potential §
0+ & Sie + 2000 B
i g
3 =0 + 1500
20 +
+ 1000
230 +
*
- > - + 500
b F - = - *
-50 o et — 0
0.7 1.5 3 6 9 12 19 25 37 49

N/P ratio

g‘ﬂﬁ 17 The particle size and zeta-potential of DNA/TM,;-Bz43-CS complexes at various N/P

ratio
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C. TM57-BZI 8-CS

St T 4000
-°
W i 3500
30 +
-+ 3000
> 120 +
‘E“ -+ 2500
= 10 + Em
8 :
S 04 —O0— zeta-potential | | 2000 2.
° ® size =
.10 + g
8 -+ 1500
Q
N -20 +
¢ + 1000
=30 *
* * $
40 + 4 - 4 500
-50 —_— i e e  — 0
0.8 1.5 3 6 9 12 19 25 37 49

N/P ratio

zllﬁ 18 The particle size and zeta-potential of DNA / TMs7;-Bz1g-CS complexes at various N/P

ratio
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Zeta-potential (mV)
S

—DO— zeta-potential

*

size

il
T

O E -
-10 + 4
-20 +
-30 T L3 I

[ 3 - * t 3 * 51 8
-40 + & =
-50 t t t T t t T T t —F
1 2 4 8 12 16 24 32 48
N/P ratio

T 4500
T 4000
T 3500

T 3000

2500
2000
1500
1000
500

(wu) 371§

gﬂﬁ 19 The particle size and zeta-potential of DNA/CS complexes at various N/P ratios
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23 mmaaugﬂ%wmaaﬂamwgn%ﬁw Atomic Force Microscope (AFM)

galiauazanyuzsIneuwing auwutlalas1wDNA Toolia3as AFM lawsiadaating
naunangMasoaldundaansdan water finsasinwmauwuwa 022 luasen nniunoe
R1I920H198IUY  mica ﬁﬂTﬁLLﬁaﬁqm%n“ﬁﬁao wdie3es AFM Ui uRzANMITTDIABY
AN mfﬁuﬂﬂ‘[@‘mWDNA vlﬁwaﬁmamgﬂﬁ 20-21 FUFUINUAZANH AL VDIABNWANT
PEI/DNA "leTwa@TaLLamgﬂﬁ 22 .

(A) (B)

0.00 [nm] i 10.28

gﬂﬁ 20 The planar and three-dimensional AFM images of pDNA/TMs;-Bz43-CS complexes (N/P

23); (A) planar images; (B) three-dimensional image.
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(A) (8)

0.00 [nm] 132.35

gﬂﬁ 21 The planar and three-dimensional AFM images of pDNA/TMs;-Bz43-CS complexes (N/P

3); (A) planar images; (B) three-dimensional image.
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(B)

0.00 [nm] 11.52

gﬂﬁ 22 The planar and three-dimensional AFM images of pDNA/PEI complexes (1/1 weight

ratio); (A) planar images; (B) three-dimensional image.
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3nadoulszAnEnmmsuanieanuasdnluimadinzia e
hawiuslalamuiiieioalduneandndiu plasmid DNA  Aigamaausing 9 was 30
wifinowdulwaadinzdos  hamageumEEwTNTaRINADY udiiTaganaTIIEeL
mIusasnenvoabufelUsiuiinGa enhanced green fluorescent protein (EGFP) lauayiatiu
WML AING®  EGFP (zGaaummdmmuldndaingeasaaud) lasdiudn  excitation
wavelengths filter 480/40 wa: emission filter 535/50 i wnres 13asusedid pamseaui
203 24- well plates fig 1.9 MTTURINAT Nﬂﬁ'lﬂ"uam‘lugﬂﬁ 23-25 a’mgﬂﬁ 26 LAGINNTUY
MAIDIURITD N gﬂﬁ 27-31 WisuifipuyssanFawmsuaaseanasiiu 1 N/P ratios #a397N

WWURT Wuan 374

A. TM57-BZ43-CS

< 1000 -

g
S~
o 800 -
< —e—PEI

>

g ——N/P3
g 600
2 ——N/P6
5 —>—N/P 11
o 400 -
g —a—N/P 23
S —=—N/P 45
S 200

=

<

L)

= o : 1

(=)

20 40 60 80

Post-transfection time (h)

g‘l.lﬁ 23 WRAINAVDY post-transfection time of pDNA/TMs;-Bz43-CS complexes
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B. TM47~BZ;3-CS

NA 1000 7
£
)
3 8001 —o—PEI
2 ” ——N/P 3
-5 ——N/P 6
=
e B —=—N/P 11
=
L —4— N/P 23
é 200 - —— N/P 46
Z
s 4.—__4
= 0 T " T |
0 20 40 60 80

Post-transfection time (h)

g‘ﬂﬁ 24 ILl§9INRVUDI post-transfection time of pDNA/TM,;-Bz43-CS complexes
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C. TM57-BZ| 8-CS

< 1000
E

Q

S 800

)

9

8 600

2

4

= 400

(=]

=

2

& 200 A

=

£

= 0 i —i T ]

0 20 40 60

Post-transfection time (h)

80

=8—PEl
——N/P 3
—+—N/P 6
—>—N/P 12
—4—N/P 25
—=—N/P 49

o
g‘lJﬂ 25 URAINNVDY post-transfection time of pPDNA/TMs;-Bz,5-CS complexes
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(A)

(D)

gﬂﬁ 26 Fluorescence images observations for pEGFP-C2 expression in Huh7 cells cultures

using; (A) free pDNA, (B) pDNA/PEI complexes, (C) pDNA/TMs;-Bz43-CS complexes
(N/P 23), (D) pDNA/TMs7-Bz43-CS complexes (N/P 3).
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1000 ~

(e

S

(=]
|

600 - _I,

400 1 No _I_
transfection

200 ﬂ ﬂ +
\ =ui N

T T T T = T T T T T 4

control pDNA  PEI 3 6 8 11 17 23 34 45
N/P ratio

Transfection efficiency (cell/cmz)

< 8 . ; o a .
3UN 27 uEAINAVBY N/P ratio 6 transfection efficiency U89 TMs-Bz4-CS ®adNLdnans tilu

1281 3 3% (* indicate p< 0.05).
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1000 -
Ng 800 ~
E oy
N
g
9 600 |
X
= 400 { No -]:— _]:_ No
8= transfection transfection
[
"E * *
1T NEL {
«
S
= ﬁ ﬂ *
0 T T T = T T T T T ri] T T =l
control pDNA  PEl 3 6 % 1l WT 2y 34 e
N/P ratio

31N 28 URAINAVBY N/P ratio 6@ transfection efficiency 189 TMyz-Bzy;-CS wasani@uans il

1287 3 7% (* indicate p< 0.05).
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1000 -

“E
L 800
o)
)
&
= 600 i
2
<
g
= 400 4 No No
£ transfection transfection
S
2 ¢ T, Ll
<
1™
= N

O T T T ay T T T T r-| T T 1

* * *
=1 2o o= = FI_I
control pDNA  PEI 3 6 9 12 19 25 37 49

N/P ratio

= — " : o = .
JUN 29 URAINAVBY N/P ratio 6@ transfection efficiency 189 TMs-Bz-CS WaINIANR1T 1w

1287 3 W% (* indicate p< 0.05).
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1000 ~
“E
£ 800
)
&
z
= 600 -
L
g
£ gl ™° ,
.S transfection No transfection
k3]
&
2w (L) ik
«
= *
H * * * " "

0 I ! ! ’F—Imlmfr-]rml'_—v !
control pDNA  PEI 3 7 10 13 20 29 40 54
N/P ratio

31N 30 uFAINAUEI N/P ratio 6@ transfection efficiency U89 TMy;-CS nasntausadua 3

% (* indicate p< 0.05).
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1000

J

800 -
600 -

400 1 No
transfection

T N 4444

T ﬁ T E—.
4

8 12 16 24 32 48 64

No transfection

Transfection efficiency (cell/cmz)

T T T T T T 1

control pDNA  PEI

‘; ' 5 a a | o
gﬂﬂ 31 udAINATDY N/P ratio @a transfection efficiency U89 CS wasnA@NRIIIWIA 3 1% (*

indicate p< 0.05).
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118990 pH Waz serum fiWadaUszANTAWNsuRaaanvesiuaslalaanu avin 59
YnmsdnwMaad pH uaz serum dadszniaiwnisuraseanvasiu ves aunuslalasu fe
TMs;-Bz45-CS lagfinmnii N/P ratio ﬁ‘lﬁmmamaanmaaﬁugaﬁq@ A81AD TMs;-Bz,3-CS finmn
i NIP ratio 23 Wisuifisuny lalasuwus Anwf N/P ratio 4 lasfinwl pH 6.5 uay pH 7.4
Namsmaauuam'lugﬂﬁ 32 §IUNAVBY serum uam'lugﬂﬁ 33

1000 -

800 A

£

g

E

> 600

<

g OpH6.5
<

g mpH 74
LY

3]

~E

=

£

= 200 -

0

TM57-Bz43-CS Cs

gﬂﬁ 32 UFAINATDY pH T84 culture medium §ia transfection efficiency U839 pDNA/TMs;-Bzys-

CS complexes (N/P 23) uae pDNA/CS complexes (N/P 4).

HAMINARDILEAIIFIANIN UTzANTAINNNTUEaI88NUBIEUIES TMs-B24s-CS 71 pH 6.5
liuanen99n pH 7.4 Fadnsanndszaninmmsuaasasnvesiuzas lalamwua (CS) wuinf
pH 65 ﬂi:ﬁﬂ%mwmmamaan‘uaaﬁugmiwﬁ pH 7.4 wazilowSoufisudszansainns
LEAIDANVBIDEUTENIN TMs-Bz4s-CS NUlalaanmiud Wyt TMs-Bzes-CS fvszandninlunis
hdsdunaziianiuaassanveIbugInin lalamwuans pH 6.5 was pH 7.4

§uNaTad serum WU Wald 10 % serum luamnsiResioas wudnlssEnsmwnis

P o Fu ¥ .
UEAIDDNTDIEUYDI TMs-Bz45-CS 611 e lild serum wamsnaaasiiiaduisuwidsany PEI
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1000 ~

N"\

g *

= 800 -

L

=

g

8 o 0O 10% serum
<9

=) @ No serum
= 400 -

=

g

% 200

=

<

S

=

O =
PEI 8 1 17 23 34 A5
N/P ratio

gﬂﬁ 33 URAINAVDY serum 8 transfection efficiency 183 TMs;-Bz43-CS/pDNA complexes

iz PEI/pDNA complexes
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4. nﬂaaumﬁmﬂuﬁwaaa%ﬁuﬁﬂﬂfmmuﬁﬁamﬁ:ﬁ Lz CS/ pDNA complexes
4.1 ﬁﬂmmwmﬂuﬁwaaawﬁuﬂﬂiﬂ‘muﬁﬁamsw:ﬂmu%%‘ MTT assay 639

Huh7 cells AfM3SyduTaUszanmiuil 70-90% wasiwan (70-90 % Confluence) las
I5imas 5 X 10" imasdamnaandiues diold 96 well cell culture plates Uae pre-incubated tilw
nAWY - 24 %’z’[mﬁaumaaummfw.auagﬁuﬂaimmﬁm‘%wﬁmmL'z'J’memq w30
PDNA/CS complexes i N/P 619 m"ammfugﬂmm:mleﬂiﬂmuaan 196t PBS 2 ASauas
Waswiu fresh cell culture medium wazlagdauiduiiaiuiu 4 Fluaesnmamwiass ¥
wrasunauny 20 lulasdas MTT (0.5 mg/laddas MTT in RPMI completed medium) (iu
awn 4 alus 'ﬁv'umauq@ﬁ’nuh”gﬂmia:mUsﬁnmaaanusﬁa:mu formazan crystal 68
100 lulpsiasvas DMSO dewnqa fﬂmmsgmnﬁuumﬁ' 550 wilwauas dauia3as microplate
reader AIWILANUBTITUGNNTIONTIARUNNT (% relative viability) wWavavnudunyas
m&ﬁuﬂﬂ‘[@‘muﬁﬁaLﬂﬁ:ﬁ@iatfnaa'uam‘lugﬂﬁ 34-37 wavasanuduiwvaslalasiuiua uaas
'1u3ﬂﬁ 38 wWavaInNuIluN¥Yey PEI uam‘lugﬂﬁ 39 uaz3suifiudinIseadiadunnin
50 % lum 3197 7 6391 CS < TMys-CS < TMs7-B215-CS < TMs7-B243-CS < TMyy-Bz43-CS < PEI

120

o
PR

%cell viability

0 T T+ 4 |
0.001 0.01 0.1 1

Concentration (mg/ml)

' , a_ s o pm— 4
31N 34 LEAIALLaSITUAN1TI0ATIAFUNNT (% relative viability) V8188 Huh7 Lianagau

v A A \9 A9 1
@28 TMs;-Bz43-CS NL@IBNNAMULTUTUGNI
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120

100

(o)) [
(e (e)
1 4

%cell viability

N
[«

20 1

0.001 0.01 0.1 1

Concentration.(mg/ml)

JUN 35 usasrwasisudmyTeadiadaunnt (% relative viability) 89188 Huh7 (lanagay

v A A L3 \d ¥
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