Hot apx|( ), et IH[( O ) / BM( O ), HIBH( )UZHSEHS( 0)
SAZE =88 HOQIX AN 2022WE = X|SH A
UNSEHS
11-1543000-004207-01

ML Oyt
LI-get7|=0| Mg OjyE
EYen =AIZ OIXHOEA
HUJ|SAIE OIX YA

2022.11.10.

FEIS7( 2/ FE2H =






H & &2

2022. 11. 10.

FHAF7IHY - = (A AAL (D

N
r
re
4
)
oo,
)
my
>
e,

=7FAT 7 ARG o] e Sl ek A Al18zel weh B Aol Eolgut







| |
<2 % E>
Ald e SAEV|=8E HololM YA | SEAIHE AlHEEH S 055521
L oI Abd HAPINL A HS 120012-02
7| =7tasbls 122 LB1801 | 60 2w9| LA0906 |30 3&¢l NC0906 10%
e EEEF IIsHAE % | TSN MESN | % LizHlo| 25}8t °
= SEalE 122 PA0201 60 222 PA0199 30 %2 RA0203 10%
7 nEsER I SMAE % NEZHIS | % Holgstet 0
St 7ol ety
of 7N e mbA| o L 8%8t7|s0| ME2 o|| & HAA7|SAE QXY
A oAtz |zt 2020. 01. 29 — 2022. 07. 28( 2@ 67(¥)
& of7luy] & o|dSHUSAITHEMEY
< = (HEX|2led 7ol gtd]: 200,000 2, 7| 2R Eod 2o etd| © 66,668 )
Il = o2 7l et ZANH I
7| Ehs sotxiol sigsix o= wo)[ ] ZEANAE =85( )
AN H
oAl etaty EM
o LIS &2 7|Ue 2 LI 8% AlZEMECIZ N
o LI 887 |&8 7oz NI|sEAHOAE o HZI|SAE
1= 2 HRMAMS ESH mEEIFE|Z (Neutraceutical) & 2 7|
'S = -
=
- LI 887 aS 888 FUzlx MMEQAYE LA EAA
2 HE N
o LI EXo 22| stetd EMES Eolstr| flsl Xtel 3
7], 2ok 2 2 (SEA)e EI FHMSH U HEHH
Ol E &%+ s™Ae| #EH =384 U =55 =HsI=
e CHAe| RelMEs &wH
o LI EZof M obdHM I oMM EEIZS 5| ZBHEAS
olafiet HEo AESZAMe =X FElel & A X%
Hf£o| S &elst 54 "ol wE s 4o H
A S Holl cHall H&HS et
e OlHE LSRR TSN EHE S ffs] MoAnt pesof U
of Lyl et = AOIEFIQIT} XAMMEZ Fo| HA OlHE2 M s
2y 9y Zto| & Eolsl o|& &3 WA BX == JiMel ololg
= AX|
= T -9
- @H2IHENAM EAE HEAHEMo MMEsMS JHMSt
I YAl HebJ|& M Eo| EfAtel M En XfEME U =S|
of oA ol &850 & SAS T2E
c0|{ & AZ7|SAES MY JlesS st Az Ut
o |"ETE EHHE AF ¥ EMNE vlWsty| f/Eh MAE A
U A
= T
< JHEQIME J|sMHIIE 9ISt vlo|ol7 MAE 53] ek
10042 AZI|SAE AAAE s 0 2T EZAE 2
= et (Z|sHgIME 2lzZzl) &
<A ENH 2 MM L AXMME MY Jfg
e AT MEINYE Rl HUtE ¥ ZEM EHAM oAF
S 2.8 zHs AF U EMXAHE B
co|{ 2 AT sSAEe EE 2 olde| MA W S8 ™5}
EFAH
AH
c 0|42 AZT|SAE(EE, otd)3 EfAME(EEM H ofod




HEZ)zte| MUl &8 Ato| H|IWAH
3. 7oA E ol AEMIIE =EHAIMS oMM E st Ehal=d
bl
4 JWEAMS J|sMHHEIIE Qe Hio|otH MA - ‘WIS
M7 JE el
cJ|lsMHEIHHEYT|sHM) JHo|EElofA MAIE M=E 2 F
AT S S5 MY 5 Hlo| 2o EAY
s L 8 LI QIR A EAXN ME7F M S S5 RERIGE
o é JIX|EHE A 25t
T | s HAZTISAIE JiEoIN e 9IE HY|SIHAM Hio|olHq A
X-I EII ol/\L/\|cl>:4I Cf!%t g%
1,042 AZ7|sAE My gt
cUHE(EE, AF) & M ME oHet
2. LA} ol 2R MUl S48 st AF
2CHA| c LI QIR oY 2 AZA7|SAE =2 (H-ofd SEH) el M|
LH oAO 7:|7(-|_9_|. EI—AH
0 e ~L+i°'7<+ ojU| 2 AZ7|SAE YE(E-old SEH)Lt EfAL
T | MEEE Y oldME)zte MUl E8 Xto| H|LAH
3L AR ojHE AAT|ISAE fA=Z(H-oted SFHAIA)el of
MM "ol chelsAET)
4 WA 5I|M dHio|2olz HF
78" HEHYI|SINA) Tiol=eteloflA MAlE M=Z 2
S=AEE S8 HAJ|SIHM dio|2of7 EHAd
-7l XY Aot
2t e 7|2+ EHA oAb I olgl

1 |MOFs and their energy applications [2020.10.13| 23, ZM, ZX7| | @H2HH = 3[o|Al 3

i’
4>
0
0z
=l

2 [Nanoparticle Syqthesis and 2020.11.05| 218, ZAIY, Zi&7|| EHEI= Slola
Characterization of materialsby AlakEl, 2N, — N
s X-rayDiffraction 2020.11.20 27| %3l = = =leld 4
4 |Nanopartiol sypinesis and 2020.12.21| Zgel, ZMIY, Z&7| | EEHE slold | 3
. . ZEH, HMY, . n
5 |Colloid nanoparticles_ part 1. 202012.23| S5 oag EHzHE sl | 4
y =T 1=
ZIRIM  ZIM|2]
6 |LhcERo SMEM 2020.12.28 7|7H;|! Zjljl’ FEHEIHE slold | 4
oo/, LT
7I%E ZIM|2d _ ~
7 |Colloid nanoparticles_ part 2. 2021.01.04 ;'ijl’ E'O,l\il FmHzHE slelA 4
oo/, LT
‘ ZEE, A, - =
8 |Surface chemistry 2021.01.05 25| @27 EHzIHE 3oal | 4
oo/, LT
= o 2T, MY = _
9 |thc22el ME ¥ 2AI=H 2021.01.05 7W?|’ onn| EHme 2lold | 4
oo/, LT
4TI, dM _ _
10 |22l S4dHe|edTet Hl0|20(0]F |2021.01.06 7W7|’ onxl FHzE slofd | 4
oo/, LT
2~ olzd, ZMY, _ _
1 |Lhe 28 7|8 2021.01.08 7||7<+7| o,'j, EEH2HE slofd | 4
oo/, LT
cog|a oIz, ZAIY, _ _
12 |Uwsole 88718 oo 0111 SO DT | malol= siel | 4
13 |[LicHP|R - 2 88718 2021.01.11 oI, zMIL, FHZHH = 3lofAl 4
28 % &8s Ot 21%7|, 24 o =
ZIAHe] ZIM| _ _
14 | XPS, XRD 2021.04.27 ;:%7”' ° 4; EHiH= slold | 4

IR SEUS|IEHE oS5t . _ ]
15 HEmEA 2021.05.11| k=™, ZMY, ZX7| | @EiziHE 3eA 3
16 | X-ray Powder Diffraction 2021.05.18| ot=H, ZMY, 25X | FHZIHE 3|2oA 3
17 | NANOPARTICLES 2021.07.22| 470l ZAMY ZX&7| | @EHziHE 3ol 3
PHYTOSYNTHESIS OF METAL NANO bren _ =
ool ZINQl Q4| @HEIME 5lelAl
18 PARTICLES 2021.08.19| BF72I, ZIMEY, 2% FEdziHE 32 3
19 | Nanoparticle Safety 2021.08.26| 0|2, ZAMY, 2 | FHZHH = 3(oAl 3
L B3P |&9
20 | NMR 2021.00.02| B8, LMY, o4x| FEERIE 3
3|o|Al
21 | Lic22e| RMSA D} ot 2021.09.06| ZHZIA], ZIMY! AL} | @HEHHE 3[2fAl 3




LI-22lo| SE7|H SA 2021.09.07| 2T, ZAM, HLit| @Emi2iHE SoA 3
L 22| ML oy 2021.09.13| ZZ2IA, ZMY, HLit| EHZIHE 3|2oA 3
IMPACT OF NANOPARTICLES ON o2, ZM _ _
2021.09.16 ’ ’ H 2 = 5le|Al 3
REPRODUCTIVE SYSTEM AL}, 24=F P2 = el
NANOTECHNOLOGY IN FOODSCIENCE |2021.09.29|0|Z ¢, ZAMIY, Z&7| | @H 2= slefa 3
N‘anoblo/blonanotlechrToIogy for the 2021.10.01| ZV 8N, MY, AL} GEEH S 3olAl 3
biomolecular engineering
o S are oldd, A, . =
0|20} FRo| Lix M2 w5k 20211014151 oy py ;@ﬂ FEHzIHE 3lofAl
| ~ Z2El, ZAMY, _ =
SHollMe| LT |= 2021.10.14 25| oawl FHEiHE slelal
SHUCR LiI|s ME22 /st 7|2 Z2El, ZMd . -
S H = y y ) =
Ny 2021.10.15 257| oILiLt ol FEHzH = sl
Current trand OF O[EfxY, ZAMI . _
2021.10.29 ’ ’ N 2HH E 5]eAl 4
NANOBIOTECHNOLOGY AL}, 2F F|SiH.= 2leld
Small particle chemistry 2021.11.25|0|d ¢, ZAMY, Lt | EHZIHE 3|2A 3
Nanotechnology Fabrication 2021.12.09| g7l ZAM ALt | @HHE 3(2fAl 3
sensor for Detecting nanoparticles 2021.12.13 oldd, AM = soA 2
Nanotechrjology Advances in Targeted 2021 12.13 OlENRY, ZIAl FEHziHE slela 2
Drug Delivery Systems
Nanoscale Electrodeposition 2021.12.23 ZEEl, ZM FHziHE slolal 2
application of nanotechnology in =Feff, dAM, . =
2022.03.08 FHZHH = 3|ofAl 3
natural compounds 27|, Lt FREIEIH = =
recent achievements and outlook of =2, M . _
) ) 2022.03.11 ’ ’ FHZHH E 3|ofAl 3
nanotechnology in agriculture 27|, Lt PRI S e
MOF LRz silA 2 24 tool 2022.05.03 sold, ZMY EHZIHE 3|ofM 2
Quick Biosensor by Electronic 0022.05.12| =7, ZIMle!, ALt| EEEIE 3lolAl 3
Components
AFMZ|& A7 2022.05.27|0ld, MY, Hrit| @2 E s/oA 3
analysis of nano—materials 2022.05.30| 0|Adw, AMY, HLit| EHEZHE 3|2oA 3
LI AP |9 Hlo| @MY 2022.07.05 skRol, MY FmEE soA 2
- olef M m2ow 23 (SBE )
BTLES S =
T2y T2 e g 7|12 | 3 OAI;’“‘ ne
sl - olel
ojM A 382 ol&¢et
ICTe=¢8 delzxlct g |t 22 B 9 H=x |LHeESETied| 13 gAlZE | 29l
7=
QT AZRIE AFIY QlE AIERIZE ARY KOTRA 103 TAIZH 19l
HL7|s4E RD 13 2FY HZ7|1s41E R&D SHEAMEZMAS .
; 23] 4AZE |12l
oz (=2zfel) olz N o|E(22lel) | MAEHTE
o|2HTY ICTESE glﬁgdé;? ;'Effg
y C|
HOATIEAAE LT ALY 288028 lhrswise 16412t | 42l
N CEE e LTEAE
B A am
Confocal Microscope Confocal Microscope el Ao °
IOFU|E_1C:>T é‘m.ﬁ’.% I‘F—LEO :17|§'LJ 8A|?J' 1 |_I
_ _ Al E o okEQOIE
M7 "] dMAIE B2|7|E H| A MAIY Z2|7|& ; - 4.5M 2t 12l
L] H|QlAIAIA H| el ALY | ol 2l HIALSH 2l | S| QAN A
N 20214 I.:.;:,_I.:. [ A7 2 el }oo Sh=d| & | 83| BA|ZH 20l
MEelyed ns=z=z2 3 MEMEZARNS Pl
_ QI U Alo} AlEZIE =
RIEUAIOL AEE AP DA EE L oma | 108 | 7aize | el
PR ESAILHEZ IPHIZESA W2 S22y rE3|| 1013 | 80AlIZE | 3¢9l
U £22 X|7|= IP IPX|7| = & staeyziEs]| 1013 | 30A1ZH | 39l
IP Panorama-=22& IP Panorama-2 24 | _ == =
Pt i pziod Tl x) stawte 53| 1015 | 80AlZ+ | 3¢l
=0|X gl Aloig _
Jlgoln o ajeist mep | IO X MEE Homuamzes| 1013 | sonz | 3ol
IPEE35t0{ R&DZESH| IPE&35to] RADESHY| |H=2LyRIE5|| 1013 | 80AIZF | 32l
BAH| WS Partcle Size Analyzer |LI=Z8H7 &4 8A|Zt 3¢l
M|l IS FT-1R/Raman Lo Eer|se gAlZE | 12l
— o|=35{A}sd
2%2;;%4}?{;[;5}0)\?;: M2OIAS 018 | xoze gAlz+ | 2ol
== [y} —0 A o =] = (A )
DEsf ARl MEelEery | T SEES
DSUR 22tel HaMH3]| DSUR =22}el EFAEIPNNE=BN 1012 | 29l




o

— — — — — — o —
0o 2 R R R R R 3
N N N N N N = N N " " N N - o o O O O O © o o]
T VI I A I I I I T T O I N (B O VI B Ve 22 " 2e*® o
Sz 8|3 |F|3|8|5 || §|5|8|8|g 5| % s 2
= ~ ~ D> ~ 0§ SN R O O 0O 0O OO0 O <y
-] o
nd
:S o oY <k
O_u_| s
ur
K K K |k |0k & | T8 K o 4 H = bl
O O - Y A . o (Ho_|® o i oo
o Tw xmxm W | H [k maE = | S8 |wERmTw o [H 2 Y zr
e e = e I e = I < I i T R e B oo B W
Z| I |ROE|IXOE| X0& m |0FT|<0E |_._..._.__&H = Hup |B __%._lnﬂ__oHH OR| = |0 o ) T =
ofl| ol ofl |of ofl|ol ofl| ol ofl | T |of ofl|ol ofl|iol M| = o o ol ofl| > |3 = 0 | = =
SRR T ORR R Z 0 OF o 012 I fir < N K o
A L L = L S 1! © = | W )
- r !
<2 T By olo m o |~ (K |Bg< 20 M(_ _%, ofl ofl oF
RE Mm | s | ®|° My® ¥ | F | @A DrE S0 m e g 2 o
Tl [N T |l o | BE,, ® = |Sor|m BT A o <0 M N @B R Y FFE )
W< TE ar wrox|_.._ T E_ﬁﬂ“_ o | S m%.r._m_lruxm %m 3 /M\EQLX.A_OAO%_MM_‘%E_%. 0N o T B Nw Wu
..m_:._._”_M(_A_l = o_“_w i__Mgm s+ | 2 AM_M_%. o < a_.g._m.__xl_n.mﬂrm_.%_%%@@ﬂ E ol oW PO = Kl
7152 o o [Ha | ® =wl 3| S | g | 3T %M.@H_ouo_wemwo%w K H 50 &k uo = 3 3 R0 20
B e B I B S B B A ES B T B 0 W = & & H K Kol _MI
Sl ol |of 3 ol U075 I sl o o Al
o0 1) ol |or b R Kio ADn ,Moa 3 < o ._o._ mm 3| 5 ol 0 n_.._|Ew o = <k o ur ur  F 4 M
5] T = W T ol © G
- o O 0O OO OO0 O ___Iw or
— — e _ N N ®lorl_ | anp pal
EOd, L m R L TR R T U Ly oy K
=0 H g <0 |- | ®|o_ b o< oo |Tap|® T [T oF| OF 40 <k
Tl ZInE. kmlzolhElL | Y | F Mol [mEwm ol g o <
E._o o] o] oHT_ [T a N —|nd T P~ o ~ — _._._._._ ol o |
b | R | = Hlmar RO || ¢ 2w | = RS RDITZ] Ko o oF & _-
K <0 IA/_uo_u_Eou_NmoM_ﬂ_.J:._ﬂrl_....on. o Hoo | T IS gdF|gelmo| o B ol ol ~
NrE |3 HO M T AT 0|5 o T H | E | 2 RS STy ©H KH pY - o = = Ki =
o TR A ] e e o e o VTR g [ i o R R R e BXw_  THE = 3
@M\ .AO/Ac\o_|_A|_'._ _._u_“_u._m/l._m_xo_uu_/uqu.A@m._ =] A._IA.IN._ ol o_ﬂ mlAro_‘_Hm_llpl|1m_||’ 3ol A_I - ™ 4_/| I_ﬁln_ m m QV |_A.IMH_
B e N - o B e I U T Bl [ P ] P ] Ko powmw NS Soa kK
<0 o o okl |E o_%J._lN_._._o Rl " Hi AE_WO muT_goAEJ.A.._ = X0 _ 3ok o o Rl K
T I S I B i e e T B i i B | K [R50 b B RO i KO
s ~ © o |®I H\|® 20 ﬂoﬂ S Hl ._ﬂ_ Y W OIS ,__M.._ of T 96 76 HO KU Kool <
= « X o olo _h_u_ E lurur = = <A H A
T
|2/ & |[¥|Q|J3 8|8 & ¥ |83 |5 |8 @ | O O 0O O 0O O 0 O ol
_Ilklm_xl_l
0 H
EURCIRY
=T =
~N
_.Tou_oﬁ




Al st ®2H(2R)

) FIE~ T

- EZHFEIZ

- OjHIZ 7|8 AFRH=)

- BES7| g

NFTY, 428

-7 SHAESHIIS

o
e B

A
& B

&%

]

. 25 Ciztg

- SRS7I2H L | - oSEAME - HRI|STHM H=
- SEOF AR 2N - 014 ZHEO|E - JHECIN S 2ISAIF | - HE| D|YE =
- AHUY SH I - HYI | STHM
- SEE|7 =70 - EbgJiM
- ME e - EFZAL - HIEY A|E
* EhAbE FERVIFE 7|82 Ciekst o|uY|2g 2SEt LT ojHEE MxE g
= U= 7120| U= 0| AlMEsY| f/5t0d o|H|&te| crekst A2V |s 21 E
EZ FE2I5ElZ (Neutraceutical, 28 X[ZL} oldhof] =52 F= AE) A&
of X&Ests AMMEr M2k ZEWMES 7510 A X|HieH S &Fat
Sl B TN T HATISIHM JHEQIEE AEAIF FESIH 1V|s
A HAIM ALV |sSAES EAISHIA &
EESTEIY
HIZ7HOIE 2 ALR
a7 | 71s = FERE NES
w2 |25 | 2| Ny | 2o | 25 | gz [aw [ 42 | sas -
o1 7K 2bA T} o 42 | x| mw | A S | He | M2
SEE.J|EF Af
2
ATAIM | | PY [ AFAE [ 7E [ .. | T [ P | FUA H| ZEUS
Z=SHM HA| AH 7|2 <Ay | (=Ey) | T° olglel (M) (M= (Hx[&2) | SEHS
SE 3y
== 220 L AHUI|SAE ojL 2 2 o] SH
of 2l Al o]
S nano functional food mineral immunity process
(570 olL)




x| = Hotsg
FHEEAM LEH v ], Zof ]
= — iA|37|Aogl_
= = n = Iz = =5
U™ 7|2ty SEEMAER Apoiny Ald ™ %(_DQIZJIH %t/g;'?g
HE7| 2y SEAMEI| ST gote L AL
- AL AEHEHS 055521
Sr== 2020100043 ATNLIHHE 120012-02
7| II7tnEt| = 12=2| LB1801 507 222 LA0906 209 322| NC0906 (0%
& EEER JISHME |75 AELA | thestolestst ’
2| sEAELEY =2 122 PA0201 22| PA0199 322 RA0203
= _ e Al 60% ot 30% ol = 515t 10%
T I SoS=E HESISSE MA=3te
== LI 887 |s0| M3E 0|42 HAZAT7|sAE Qx| kM
SEATIHLE od o Development of Human Resource and advanced functional food
== material using Nano Convergency Tech.
B LI-887|&0] MEE o|y2 AUT|sAE QX UM
A 770 L obA = Development of Human Resource and advanced functional food
<= material using Nano Convergency Tech.
7| 2ty @ 2t = AIFAAISEHS
(P34
ZPod o by | ok _ _ _
FadTiwl x4 oW MR OBER 01 8I78|  HWols=wWs
(TN, LBV D)
Ay M 2 2 CH ZE O] A}
o 3l ol X} oAzt 2| 2™ 51 FLOHA 3} _
= MA2H =7t LRI S
A 2020. 01. 29 — 2022. 07. 28( 2Hd o674Hd)
of L7l ek 2+ CEA| 1CHA| 2020. 01. 29 — 2021. 01. 28( 1A 074¥)
@l Al ZA) | nEEA| 2021. 01. 29 — 2022. 07. 28( 1A o674H¥)
HEX| L |32k 13O 9 7|8 E9o| X[Z _
O:‘ 7 HEH:' o T = — T = — O [l | Sk o
. ey @AM | o1 (XA e ST ) =7 it
s e EEEE R EEREE EEEE EEREERE ==
=H 200,000 |3,33463,334 203,334 | 63,334 |266,668
= 1 X} 100,000 3,334 (30,000 103,334 | 30,000 |133,334
= n'A &t
oets 1A | 100,000 33,334 100,000 | 33,334 |133,334
= n'A X}
BTN L2 5 2 : sCix s o5 B
e A ) ° 7|2t & ol X} 2 2| SOz MAH 55 [ | Hod
] -
2| EFod 7l 27| 2t
AT B 2 T2t
Al chohx} ozt SR mibmE)
=Tee = MAH =TIt LA S
o 2BZEIMA 7| E L Z0| AfAS =lolsto], Thek AfMO| ofd A zhH HE 2 {Xo w2t
HMMME 52 2ol Hrostdl&uct
20224 08¢ 190¢d
Al Rl AL (1)
FoA o ey 2o F MY (&lel)
SESMAZEEB-SYAEI| ST UYIHT s




AT LA 2| I

1.

A 77N LA 2]

2.

14

A 7] L 2bA| 2|

3.

141

oFl

b

142

710 =

ot

ted Zofoll the

i
—_

OS]

7H

?.

O:

oo

5.

142







AFfLutd el JHe

1-1. FFER

VISION

NeSE | AXHIRITHS U ROl QIS BE METIS REAREIZ/INAE

LIz gt AZMBOl2{ot W L83t 0|43 A2 SAE Jfw
[ =k} -1 y ] =1
[ & i1 i
g LI 8% LI QAL MEAT] HET; LI 8% LI QAL A7 sS4 E or™st HE e
4] Lbe Q) ALZATH B4 OFHM QMY 7| HET} ' Lt 88 LI QAL HZZ|SAE HU S8 Ald
K
Q8 7|sHE7 & L 88 LI QIR HZI|SAE AU 2tE AlE
- LI=Z37| =2 Ho|2 E(EEEY), 8X|chetn
o|nfyEHRrFH ), Bt RS E ) & L& 0|43 427 | SAE SSIlH Ho| 207 EH4
o o et
HE=E
s L8 LI A AEAN MEV M ES E5F RELGEA JIXIESE
xxmey | CHEYR OlUE HATISA S MANE N
TeE s LI QXL oY & /2o S8 A5 A 2 EMAME2b Aoy W
cHAUT|SAE JjHEHeldE et MAHT|sIHA Hio|ol MA
1,04 & AZ7|sAE MFAE e
CYE(FE, HAE) U A MY e
2.LIc X} oY RS AU S+& M3 AF
s LI QIR Ol 3 ALV sSAE Az (H-old SEA) e M W S8 &St =AM
=3 « LIC QIR o|H| & A7 |SAE /52 (H-ofd SEHA) 2l EMAME(EHE 2 oM E) 2tel
p= MUl S8 At0| H|LAIY
3L R} ojH| & AUV sSAE HAE(EH-ofd SeHAA) el oM HWIt @ cla|ESMET|
4 HAT|SI|M Hio|Ol7H oA+
s J|sMHEHINHAT|sIHAM) JIo|=EEIRlof M HAIE MZE 2 S EASES S5t AT =)
M dHio|Ol7H EHAY




D L= IR o]y

Hto| 20}7(in vitro) &2

B oy =%

k) 3 il =
a =l i L L|
= = 4u_ 1o _u_uo_MV = 0 S Ho RO omo
=l THIN < = o <l < o
Wls | | @ 1 N © = i
il P 7 o is VI
N I A il m D I
U = | Br B0 = o = — R ol
DR ILE | 2w R 2 o e BK
° . o I_A.I o = —~ o W =
° ol — I R o“_o — =
T W H =3 KE = wo-
o < o0 X = N = o M_ Kl
0f0 o ol < - 1 o - © = 20 4
= | I | = o ar a o e B 5 4
= M2 ™ H _ ull 3r - o K k)
I _ | R o ek ol iy N I = o
= =} o ° = = _ = ol =
{- ._A.Mo 1D 5l o|._ K- Rl o m__: Haoa ol 2 = 0|
ol S, | dwr| 2 o | e K o ol gy g 8%
oo |0 T T roill IS . ind o A oF =
A R R oF o | 5 || 2 H e RO — & 0 R
- uWn/u = _A._ = = o .n.wﬂ < o __o._._ w _|._o [y HOI __A__|
© R | =@ | > o M| | g 2 + wl o o
K o 0 10 <] <| o
3l | 8<% | £ K1 AT <o j j Z =L ol —
* . . = o < iy oF- OF- o) ._mn\ i ~
= - — ) - O = = = U - O
23 ! < = o d Sl e I ol & B
K0 oF = | " 0 _ 3| ok O ok o mo 1o
ok B 7 = n [ |3 = — . ow =2 Ko ¥
_ﬂ_#. o ojp <U | Hh m | w) | o o E T o T X
= n p— < I T ° 1o o=z = N ol
I T N Jo i HI< W T | Hl= 5] & N
3 WS | o TR R = o2l = = O
s N o Zl o N ROJRL = X | =0 A m = T o R
_ o 3 | = o oy =
IF Ru = LY N o= ol _ Pl |_. ) - ., oo
S R e N m oK =& P
et [ J— =+ furt - —_
T H__/H _H_ l_ﬁll_ ~ O._ “_Hu._Hz W“__m %_OH __2_._._ ﬁ %oq oK L._._._ FOI — _.(_._\ W_Io a
W TH|TS | o3 o 5k ~ U . (R ¢
=w | =l | B - . K A D d=z< 0T
. = A_l O__._._ = _._._u_ = |=|=|= o . J K ) E=R |__o K
. . 3 = o | o | o | || o E”_ M| R _ R K7 ol 22K g
o | HHE Wi ool 2o mo | oFl | B0 | %l | 75 | & | | ofl | ol ﬁ fo wm K ooy D = K
Bl T | KR K| 3k | R Tl | < mwE|dgafazg NEm
ol Il - O R Jo HIES|ZdrTsmid 2™
AR I 5 - AT MESEEY:
o — ol =T - - o K — = N an = = Wy
=i BN mw | g™ Ry R X KM gzl n BB
GV T o © T pam YWl
o @ _I_I ~ o o
= — o ° |
Th 4 =1 ] N © m© !
- 3. - T °



o= =2&=2 pilot A Z&El
= L3 7| ojUZ |2 powder
SEr | HasE: E&M0| o o
_.-" -
4 i b
gen | 2sofeist ojau s &
- pilot EFE 29 FH XL W 504.4mg + 4%
A 29 A 2
1 512mg 6 483mg
2 495mg 7 509mg
3 506mg 8 491mg
4 517mg 9 495mg
5 520mg 10 516mg
@ HL7|SAME AZYE Tt
- AW E AR (")} T (Ze|ME)E =510 HELEl sheetE MZEH F HEZIEl sheet
£ 3|™3H= 27H2] stamping rolleroll FoI5tnt SAlo| FMZ (A L=T7| ojHE
2)E 3Z5HHM AEME Sl= REIRRIHES S5l dAHE pilot ME M=
sh= 22=3 pilot A =&El
Erelz F=37] ojH 2 &= gel
uelz HazlEl
THATH EC LI
L, LIeAF ojH 2l ze MUl S8 z(&s A7 of-[Aad
AT T FHUYS
® SD Rat(7Fd)& 27H & (male, female; 20t2|/group)2 2 Lt & LIL-QX} o|HE/”Z
£ 155(33.3m )QF 7H%%.'?.(&Bmg/kg)i 4750
@ LA} DIHIE%E F0i T 2A1ZF 2HA2 =2 z[Of 10A|ZF 7HX] o|HW ME F &
O Ll serum iron, Unsaturated iron—-binding capacity® £&35l0{ =Xo| LI-X} ofu =
EF=HE =HolsiAS



o ot MEER g 2 A3
® 2N HE 58
- LI 2Xt ojy2 )2 E claat 20| 2750 & F0i M 18], F0{ T 2A12F 2422 53] 0|
Mol fE
AT A= Foiz22 FisE ofe| == Foi Foisl | Fo{ZE=R
MsE | daalo] | HeolH 2 | 8.33mg/kg 2/sex 3ml 13| a7
s | ™MARAlo| | Lbojd 2 | 33.33mg/kg 2/sex 3ml 13| a7
- oY Y F Mo U= serum iron, Unsaturated iron—b16inding capacity(UBIC, TBIC)E
YoHEMT| R 2A5%E
- LK o EEE 750 = 2h ool €= AR EESI¥N S0 6h~8h Fol=
HAME R sSste Hg Helsige
- TBICE @ uf transferrinzt Z2&& = U= E 22 2 Lsts Ao=E HE ZEAE
7t =M TIBC Fxl= 37t 3 W HEE =HF2 sk =Hed & A="Z1 TBIC
2 a7 tid|stol TBIC =F0| 2M™stAH /X Ee #2510 LA oY=
Aloloff w2 AU HEo| SItets =l & = UAgS
Oh 2h 4h 6h 8h 10h
M F M F M F M F M F
Serum |8.3mg/kg| 289 |366.5| 431 398 |416.5| 382 362 342 [295.5]309.5| 179 |261.5
iron(FE) |33.3mg/kg| 224 | 336 |493.5| 518 [381.1|443.5|249.5| 344 170 313 |112.5]250.5
UBIC 8.3mg/kg| 338 |242.5|148.5(181.5| 153 [172.5]191.5| 200 |186.5|211.5|325.5|214.5
33.3mg/kg| 486.5 [ 226.5(169.5| 185 |248.5|147.5| 370 144 | 440 156 | 461.5| 203
BIC 8.3mg/kg| 627 609 |579.5|579.5|569.5|554.5|553.5| 542 482 521 |504.5| 476
33.3mg/kg| 710.5 [ 562.5| 663 |536.5[629.5| 491 |619.5| 488 610 469 574 -
Serum Iron : free iron contents in serum
UBIC : 223 HASsSC2 EMAL S Ltk LS FEo U2 SHCZE EMALZ F=XE oA
TBIC : & EZgtsez EdlAnzlg iAoz ST £ A2n] FERI UBICE &%l X2 ®3
600 ‘*\h,
400 T —i .
= ES 500 = \*,,.——-i
% 300 8 400
£ =
w o5 = 300
200
100 100
Time(h) 0 2 4 6 8 10 Time(h) 0 2 5] 8 10
Female — fale Female Male
@ EdAHE EZIIZ(% TS)
- EfAGEl Zsir MED ZslE EsAm|2le] H[E2S LIEKH [WoZ LA n|H|2ze| AFF
oo w2t TSIF RelUAH S7tsto] MA UM H SI SMEH= HAS =05 S
Oh 2h 4h 6h 8h 10h
M F M F M F M F M F
% TS 8.3mg/kg| 46.09 |60.18|74.38|68.68|73.13[68.89|65.40|63.10|61.31|59.40|35.48 |54.94
’ 33.3mg/kg| 224 | 336 [493.5| 518 |381.1(443.5|249.5| 344 170 313 |112.5]250.5




= = =] 8 10
MMale

Female

S7HM HEO|20FH (in vitro) EFAY
N

1 MMz 2| Cell Viability assay

® LHcAAL ojU2HEe| tHAIMIZO| st MZ=dE =felsty| f/sto] Raw 264.7MEE 96
well plateoll 4.0 x 10%cells/well seeding & 24A|ZF S92t CO, Hi 7|0l Al B2

@ LAt oA EE 100mg/mlie| stock M= % 100ug/ml ~ 0.0004 ug/mI7tX]|
serial dilutionstod M=ol XMz| F 24A|ZF v ¥

® Hi2 24A12F = Zt wellol CCK-8(Dojindo)E Mz|sh Ch& Microplate Reader olA4l 450nm
M 22 5F

2) HAIMZ2 5 E| Cytokine #H|S assay

@ LA 0|y 22 HAXHE |5 =helst| fsto tHAMEZRl Raw 264.7M=ZE 6 well
platedll 4.0 x 10°cells/well seeding & 24A|ZF St CO, Hi 7|0l A] B 2F

@ LPS ¥ LAt o|H 2 EE M=ol 2t2t 50, 100, 200, 400ug/mi# XMz| F 24A|ZF tY

OI:
@ Hi2F 24A|2F = MZE ASHo| EX|SH= IL-6, TNF-a 2 NO &2 &%
3) & & (anti-inflammation) assay
@® LA o2 Ee SHE 7|s2 2elsty| fIsto] tAMEZRl Raw 264.7MZE 6 well

platedll 4.0 x 10°cells/well seeding & 24A|ZF St CO, Hi 7|0l A HY 2k
@ LPS2} LI IAL ojHZH/ZE SAlof M=o 50, 100, 200, 400ug/mlI¥ Mzl T 24A|7F i
5t MZ ASHo| &Xf5t= IL-6, TNF-a, NO, PEG2 &S &H

AN MEFZ HE F AT
1) CHAIMIZ 2| Cell Viability assay
@ 4-fold T2 F|AMSH LI QXL D ZREE RAW 264.7M[Z0l| &II5H0 24A1ZF HiY =
MTTE ™5t Z3} 400ug/ml SE7HX] B 98%0|&e| MEZMESS LIEIHO MESY
of 2 I n|x[X| b= X2 2
- tAMZE A 2ZE =Zof EXSHHEM M 1A go{7|s(EAIZRE, phagocytosis),
MAIZHZ(Ag Presentation) 2 cytokine(NO, TNF-a, IL &) &H|5t0{ HAEtS S of 7§
ctdstes of e ER¢t ._4° 1Ii§ L™ AS
i A2l NO, TNF-a, IL-1B, IL-6 &2 Y34
2 ZIIAF|HLE NKA
5 = TM|=of| MEHsiod

i

ol

!

t=

0

[e]]

2

Pt
A M2 J
s |-o

Atol EFF2l (pro—inflammatory cytokine)&
X, Dendrite S| M#

[ |
MES| BMstel 25t THEO M HSH

o fr
rot
]
to
i
02
rlo
mjo
e

lor
e
0z
=2
N
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ggﬂ | I I I I
&
z =
0 “anl
o003 o omanoswn |l v n s s s oo
2) tHAIM Z2 5 E Cytokine &H|S assay
@ LA o2 Es tHAMEZZREH MMHAS =HSk= TNF-alb IL-62] 2H|E A}=FsH0d
EAZER B7F NKMZ M2 Rl Aoz PotEo HE2Ho|ME MEAMMA =™}
ol Th1 T-EZFE XFs5t0d ZHE MZ2| inflammationg J7HAIZ|1 Hio|HA 2 MF
Zeo S5t Mo 7|58 SAAZ|1 CD8+ T MZS} IgG BME 7|52 aA7|l= A
o2 HetE
- TNF-a : MEHAS ofvfsty =Hsk= AO|EFRICZE T8t SMM7Et O 2o APl 2st =
Ao FBeksel FE ofrfxtolo{ &lo A=FE T-BZF, NK ME 2 d[ZEM ol 2|5 A
T 2H|E X2 ZM5tE HAMEZETL FE YAME
- IL-6 : MHHHD} HIHY DFoA J[S2 ste AOIEFIRICZE MEHANME =25 MTA|
ZZ2REH $FTO MMS |RTsiH, MSHAMME A MMXZE 2stE B-EZTeo M
&2 A=Fotll SPEEM Ato|EFRelel Mits A=etnt =F T-2Z7o| MMut 285 oAX|stod
M=Zof7) HAEt22 EXISHS cytokine2 2 CHAIM|Z} LYT|M|Z 2| ZF20|A A4 é:.
@ LA ojHEd 2= g30 #HJU= NO ¥ PEG2(Prostaglandin 2)2| MM & AI=5HK|
22 Aoz Hot HAEY|s M3t 22 AfNo| e A= ECHE
- iINOSE F2 ¥3tt3o| 2&0istod IFN-y, LPS, pro— mflammatory cytokinee| At =2
HElod iINOSOll s MAME NO= FBEtESs FXAZ| 2 B2 Mg FXlst
of &2 AMAZA
- PGE2= ¥ZEtS2 HZHMZ Th2 HPGELSE X5t Th1 HAUIS 2 A Sto] CHAA|
Zo|M TNF-a, IL-1B, IL-12 &2 H34A Ato|EFtelel MME AXst IL-10T &2 &
FEM AO|EFIRlel MM S FHZste HYetge =HX}
AlgEH Al AKX FE Z 3t
NF - « * Control CHH| =|CH 400% B+
- . che| = % =
oSl | AAE oytokine S ';06 .ZOWM " olonoif’:z —
ontrol CHe| ®R2|M U= St 3
PEG2 * Control CHH| Fo[d A= S7t 8lS
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£ =
= 40000 I
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= 20000 = 100 e

— ——
LPS{‘Lugij] - - - 0
S (ug/ml) - 100 200 # = (ug/ml) - 50 100 200

L@ AF oW EE sZo e NF-a =8| LAt o|UEHE S0l e dtixel TNF-a &

=

1600 900

1400 |
1200
lmo
aw
500

400

200

50 100 =

Lps(19g/miy = F - . . -
oS (ug/ml) - 0 50 100 200 E(ug/ml) -

L AL DU 2 E S50 e -6 EH[E X o EdE sxof wE dtfHel 116 &

= o

§8888

IL-6 (Absolute, pg/mL)
IL-6 (Relative, %)

8 &

6.0 120
ASO 100
E —_—
E 40 f 30
y =
& =
3 30 B o
2 g °
2., o
5 9 40
z
10 55
g N & | 2
ug/mi - + + + + + i
oz N
A2 (ug/ml) - o £g 160 56 46 2 & (ug/mi) 50 100 200 400
LI AL OjH 2Rl E sEof uE N0 24| 2 LI X} 0| el E s=o w2 Al NO 2F
2,000 140
1,800 -
g 1,600
T 1400 ® w00
£ g
2‘ 1,200 .% 20
= —
3 1o s .
3 o0 5
600
o~ w 40
g 400 o
200 20
0 ——— e —— ——— - o
LPS{1ug/ml) - + + ¥ + " S
noo- 100 0 4
A (ug/ml) - 0 50 100 200 400 L iy 20 20

L IAL olH 2 E S50 hE PEG2 EHIE LA ol EHE sTof wE AiAel PEG2 &
3) LH=dAL ol U= &

o
® LPS= tHAlM =z T} X|H Toll-like receptorg XPE.%M ME i ASHEEAZ2l MAPKS &4
F

3tE ®Estl ol= TN S

of 2 H&5d uHelXE —Er IéP { FHME| HAY|SS YT SEt —1%‘2 Bl
X|2h nt2ko] PGE22F NO 52 AW ostol delol =l Aoz o™ ed LAl o]
HEHZs E5d Ao|E7telel ddE A=5t0 5SS &d=tstX|2t ottt FEHt
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LI QI X} | LPS2 A}F=2A|ZI CjAlM zo|| PEG2 * LPS
oHE 22 | @35 A INF = o | *LP

NO{absolute, mM)

0

2,500

2,000

n
=)
=]

1,000

s I

PGE2 (Absolute, pg/ml)

‘ v . H N
LPS(Tug/ml) - + + + ¥ + .

]
HE(ug/ml) - 0 50 100 200 400 ‘L,Ti““gf"‘” B ’ " " " N
= & (ug/ml) - o S0 100 200 400
LH- @Rt ol 2l 22l N A iR Lhe@iAb oU| 2ROl PEG2 A4 oA

2t.

2500.000

g = 2000000
o d
5 S 1500,000
[+] ]
§ &0 §
: o 1000.000
5 % i
™ 2
E 20 500.000 i
0 e 0.000 — ke
LPS{Tug/mi) - + + + + + LPS(Tug/ml) - + + " " 4
-‘.ﬂﬁ(ugfml} - (4] g0 100 200 400 & ug/mi) - 0 S0 100 200 400
LI XL o|H| 22 22| TNF-o MA x| LIC QXL o 2R ZES| |L-6 MM AX|
HoAT|s7HM HIo|20FH(in vivo) ErAd
o AfIEt T MUY
1) O} A Splenocyte proliferation
O Bode|Aldo 2atet HESE H[ES EMSto] MxEE Fe2|lst2 70um cell strainerd|
S2tsto] ofx
@ oINS A E2((3000rpm, 102, 4C)5t0] MEZE EMA|IZl = RBC lysis bufferg YO
HME T E o5t RPMI1640 HIX[E E 0 A E2((180g, 102)5610 H|FHMEZ SEHZ =
H|
® & 2 882 FH|

Etl = well(96well plate) & 1 X 106cell/well =H|st & ci=21f Z
- NC : H|ZM[Z + PBS
— Positive control : H|ZMZ + ConA(2ug/ml) EE= H|ZFMIZ + LPS(2ug/ml)
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® 48A12F HiF = cell proliferahon assay T
— Proliferation index = A|Z(sample)e] &% / ti=Z(contro)2| S& &
AT MEFX WE E ZI

OHZFSTEEZF BEETE s NKMZE S22 A 0] 0] stelof st F=
ML S BHYstE AVIZ B 2 T 8@ZFo M=, glol Xj=of ot 8=
O|F0X|& F = 7|22 d[FMZES JA2 HAAAHOM 2 &

@ HIZM Z MSoAM fEH2Z ALE5HE mitogen?! CON A= T M ZE X250 M=
2 FEstl Aol EFIRIS BHIE M7= 98 Fdst=d Hte=37] olH &
= CON A2} FAlSHA HIZAMZS ZAIS Z|Of 300% O|at SIHAIZ| D T HZF2|
SAE ®RE

350

Spenacyte Proliferation (Relative %)
o

il
f
c
0
3
=]

U

(J

O 200 400
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Automated particle analysis at the nanoscale

Accelerate your product optimization through precise, statistically relevant data
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o Colloidal method

* Colloidal chemical methods are some of the most useful, easiest, and cheapest ways to
create nanoparticles.

* Colloidal methods may utilize both organic and inorganic reactants.

* Typically, a metal salt is reduced leaving nanoparticles evenly dispersed in a liquid.

* Aggregation is prevented by electrostatic repulsion or the introduction of a stabilizing
reagent that coats the particle surfaces.

* Particle sizes range from 1-200nm and are controlled by the initial concentrations of
the reactants and the action of the stabilizing reagent.

4 | m
P O T8
, ‘11 S 1 vom=

Gel Blood Paint Cosmetics

Foam Milk Smoke Detergents

* A common method for preparing colloidal gold nanoparticles involves combining
hydrogen tetrachloroaurate (HAuCl,) and sodium citrate (Na;C,H:0;) in a dilute
solution.

* Upon dissociation, the citrate ions (C,Hs0,*) reduce Au®*to yield 30-40 nm gold
particles.

* Half reaction equations:

Aud*lag) + 3e" = Au(s)
CcH;0,*(aq) +H,0(l) = C;H,0,%(aq) + CO,(g) + H;0(aq) + 2e°

"esew
HNENNT
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Sodium

Citrate Red Color = Gold NP

s s S« ¢ S 4« S €

1. Heat a solution of chloroauric acid (HAuCl,) up to reflux (boiling). HAuCl, is a
water soluble gold salt.
2. Add trisodium citrate, which is a reducing agent.
3. Continue stirring and heating for about 10 minutes.
* During this time, the sodium citrate reduces the gold salt (Au3*) to metallic
gold (Au).
* The neutral gold atoms aggregate into seed crystals.
* The seed crystals continue to grow and eventually form gold nanoparticles.

o Attrition
* Attrition is a mechanical method for creating certain types of nanoparticles.

* Macro or micro scale particles are ground in a ball mill, a planetary ball mill, or other size

reducing mechanism.
* The resulting particles are separated by filters and recovered.
* Particle sizes range from tens to hundreds of nm.
* Broad size distribution and varied particle geometry.
* May contain defects and impurities from the milling process.
* Generally considered to be very energy intensive.

Key

* Product
< Rotation

_27_

@ Abrasive balls



A hollow steel cylinder containing
tungsten balls and a solid precursor

rotates about its central axis.

Particle size is reduced by brittle
fracturing resulting from ball-ball 5

and ball-wall collisions.

Milling takes place in an inert gas
atmosphere to reduce

contamination.

* Attrition examples

Attrition Attrition
Composition technique Grain size (nm) time (h)
Fe-Co powders Rotary ball mill 1015 30
Fe Vibratory mill 20 4
NiAl Vibratory mill 12 100
Ni silicides Vibratory mill 10-17 30
Fe-C Horizontal ball 47 500

mill

Fe, Al Vibratory mill 12,6 100

o Pyrolysis
* Pyrolysisis a popular method for creating nanoparticles, especially oxides.
* A precursor (liquid or gas) is forced through an orifice at high pressure and burned.
* The resulting ash is collected to recover the nanoparticles.

* Large volume of gas leads to high rate of material synthesis

Recycled Gases Produced Raw Gases

—_———

Airlock

Pretreated
Biomass

g o o—o—0

PYRQLYSIS REACTION
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Pyrolysis system overview

Collecting filter

Nitrogen
carrier gas

Vacuum Spray
h =
Precursor
solution
——— Ll 0
Feed gas :4.!_ Ultrasonic
— vibrator

Aggregates and Agglomerates:

* Aggregate — An assemblage of particles rigidly joined together by chemical or sinter-
forces.

* Agglomerate — A loosely coherent assembly of particles and/or aggregates held
together by weak interactions

* Current aerosol instruments cannot distinguish between them.

Aggregates Agglomerates
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o RF plasma

* The starting material is placed in a pestle and heated under vacuum by RF heating
coils.

* A high temperature plasma is created by flowing a gas, such as He, through the
system in the vicinity of the coils.

* When the material is heated beyond its evaporation point, the vapor nucleates on
the gas atoms which diffuse up to a cooler collector rod and form nanoparticles.

* The particles can be passivated by introducing another gas such as O,.

* In the case of Al nanoparticles the O, forms a thin layer of AlO, around the outside
of the particle inhibiting aggregation and agglomeration.

* RF plasma synthesis is very popular method for creating ceramic nanoparticles and
powders

* Low mass yield.

COLLECTOR ROD

= _-RF COILS
CONTAINER
With METAL -

‘HI

He GAS ~ - -

_ EVACUATED
™" CHAMBER

lllustration of apparatus for the synthesis of nanoparticles using an RF-produced plasma

o Thermal decomposition

e  Thermal decomposition is the chemical decomposition of a substance into ins
constituents by heating.

* Asolid bulk material is heated beyond its decomposition temperature in an evacuated
furnace tube.

¢ The precursor material may contain metal cations and molecular anions, or metal organic
solids.

e Example: 2LiN;(s)=> 2Li(s) +3N,(g)
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Lithium particles can be synthesized by heating LiN3in a quartz tube under vacuum.
When heated to 375C the nitrogen outgases from the bulk material and the Li atoms
coalesce to form metal nanoparticles.

o Pulsed laser method

* Pulsed Lasers have been employed in the synthesis silver nanoparticles from silver nitrate

solutions.
* A disc rotates in this solution while a laser beam is pulsed onto the disc creating hot spots.
* Silver nitrate is reduced, forming silver nanoparticles.

* The size of the particle is controlled by the energy in the laser and the speed of the rotating

disc.
Solvent, metal Solid target
salt(s), additives / A
v
e 8§ A" 4 .
7 - [ =
' e.,°*°® S
‘ 5 7 aq . o < C
¢ B . 0_ MrH- = &
. = «ag
o] o
sl < CaqOH- T . ¢
5® N ® o el P
fs laser | P . |
o e
v
Plasma reactions Nanostructured products
F ; Laser Inset
PULSED LASER BEAM Nd:YAG Laser
Shockwave
—» Bubble
Plasma
ROTATING DISK t =
SUBSTRATE | Target Target
NANOPARTICLES Lens s
SOLUTION g
[ SOl Gilass containe Nanoparticles Bubble
1 | 4 i rlass container / s, —
Sk mEE
——— arget
— Solution+-..
ROTATING SAMPLE HOLDER Camera Target Ilumination
Apparalus to make silver nanoparticles using a pulsed laser beam thal creates hot
spots on the surface of a rolating disk, [Adapted from J. Singh, Mater. Today 2. 10 (2001).]

o Zinc Nanoparticle application

* Zinc Oxide has opaque and antifungal properties.
* Used as UV blocking pigments in sunscreens, cosmetics, varnishes, and fabrics
* Incorporated in foot powders and garden supplies as an antifungal.

* ZnO nanowires can improve the elastic toughness of bulk materials
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0, (gas) + e~ — 0; (ad) W/

03 (ad) + h* = 0, (gas) (0.

o Fe Nanoparticle application

* 50-100nm Iron nanoparticles are used in magnetic recording devices for both digital and
analog data.

* Decreasing the diameter to 30-40nm increases the magnetic recording capacity by 5-10

times per unit.

Bioseparation Immunoassay

Biosensor <

Molecular
detection

MRI contrast ‘S Tumor
' Super
LEICECGIG T paramagnetism
delivery Ny Antibacteria/
biofilm
Hyperthermia 2
P ROS

tumor therapy ‘
regulation
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Top- Down Approach Bottom-Up Approach
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e od %o
@ -e
... ) ]
Transformation 1 lonization
by energy 1. Forma-_tian of |ons‘ by
1l radicalsand — -
eve CR, Sy cleewdit o &
W O e @ * ' il Gr-‘r;F;hene ] J 1 ki
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Transformation - [ ' | Condensation
to smaller fragments = and formation
e, i of clusters
ot oy
'F---‘H;"- (= 1 ¢ 3 _p_g
Exfoliation "+ - |i> T M A _1 " Clusters
=2 9

of multi-layers
to mono-layers

Top-Down approach

ADVANTAGES

* Large scale production:
deposition over a large substrate
is possible

* Chemical purification is not reguired

DISADVANTAGES

Yields:
-broad size distribution (10-1000 nm)
-varied particle shapes or geometry
-Control over deposition parameters
is difficult to achieve
-Impurities; stresses, defects and
imperfections get introduced

* Expensive technique

Nanoparticles Synthesized

Bottom-Up approach

ADVANTAGES

* Ultra-fine nanoparticles, nanoshells, nanotubes
can be prepared

* Deposition parameters can be controlled

= Marrow size distribution is possible (1-20 nm)
* Cheaper technigue

DISADVANTAGES

* Large scale production is difficult

* Chemnical purification of nanoparticles
is required
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Nano Particle synthesis

| I

1 .Topdown methods (Size reduction) 2. Bottom up methods (Build up from small entities)

Physical method Chemical method
e  Mechanical milling/ Ball =  Electro chemical precipitation
milling e Vapor deposion
e Chemical etching *  Molecular condensation
*  Thermal oblation s+ Sol-gel processes
=  Explosion Processes = Spray pyvrolysis
= Sputiering ‘ *  Laser pyrolysis
= Acrosol processes
Biosynthesis (Bio

reduction )

Metal salt || NADPH
Metal particle : ‘ c NADP

L 3
= Using cell free (plant, microorganism. micro fungi. microalgae)

|
= Using whole organism /tissue (plant mushroom. sea weed, microbial cell)

' 521:%. of Plant 'B'i::iee:l.mciogv.




DIFFERENCE BETWEEN BIOLOGICAL
AND CHEMICAL

BIOLOGICAL CHEMICAL

chemical synthesis & hazardous

Green synthesis & eco-friendly
highly expensive
Low cost
Can be used for large scale synthesis

Can be used for large scale synthesis
use high pressure, energy, temperature and toxic

No need to use high pressure. energy. chemicals

temperature and toxic chemicals
* Require any special culture preparation chemical

’ ; ’ urification required and isolation techniques
Not require any special culture preparation and E 4 i

isolation techniques

r
0l

A=Ho L8V s A

I
0f0

Reduction of nanoparticles by Use of plant extracts.

» Biomolecules present in plant extracts can be used to reduce metal ions to
nanoparticles in a single-step green synthesis process.

» biogenic reduction of metal ion to base metal is quite rapid. readily conducted at
room temperature and pressure, and easily scaled up.

# The reducing agents involved include the various water soluble plant metabolites
(e.g. alkaloids, phenolic compounds, and terpenoids) and co-enzymes.

» Alcohol — Aldehyde,
* Aldehyde — Carboxylic acid
*  Phenol — Ketone

« Flavonoids — Flavone.
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Capping agent

» The use of coating nanoparticle with surfactant or polymeris to prevent a
gglomeration of the particles due to nanoparticles high surface energy. it
‘also controls the size of the particles during synthesis process.

» You can check capping of nanoparticles using TEM

Plant Extract

% s _d -
------

]
o
2
A
0f0
ot
>
30
rir

ZnONPs Cucumis sativusplant 400mg/kg Shoot dryweight
SiO,NPs Zea maysL. 15kg/ha Growthparameters
. . . Biomass,Rootlength
Arabidopsis thaliana o
. . 400mg/lt  60ppm Germination
TiO,NPs Foenicutum vulgare 0.25% Hill reaction,non- cyclic
Spinaciaoleracea phosphorylation
Boswelliaovaliofollolata 10-30pg/ml giﬁ?zzjtigrilzlr?é
Ag NPs . seedling growth
Phaseolusvulgaris 60ppm Rootlenght
SULPHUR . . 500,1000,2000 .
NPs Vignaradiata and4000ppm Dryweight
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1 22X A2 [Mayo Clinic, Diet Manual, 6" edition]
- z|Z2oll= sll=7} ojy|Ee] il 80 Jdd=S 0|X|= ez AT E|
O|E 3tistet LI=37| D|YE2 EFES ZtH 80%7HX|] =Qlct= E11Jt
2 [Guybro Chemicals(https://thefishsite.com)]
120% .
100% 100%
BO%
60% A0%
40%
20% S%8%
0% ]
Inorganic Chelated Organic
Minerals Minerals Minerals
Bioavailability 5%-8% 40% up to 100%
Mineris  8-10 8-10 77+
. Inorganic Mineral : 27|22} Z&t= ojy g
2. Chelated Mineral : ofo|‘=it &fSEAEL o|4 &
3. Organic Mineral : Li=37| |27|4F o[4 &
o O|HE S=of HEks o|x|= XIE2 o|HEANE, &237|X Sslls, 50| 28
At OZH—(%EHOIE) sttt otHM RXAE sz 2y US
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Sl =1 4ol =7+ 88l (Z3t8si T =200g/L)
g
Zzol E S|4k Z1HE2] metal organic framework(MOF) Z!Z|0|E
stetx ot M & 2 i ML S FEelM et stErY obM M FX|
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Metal ions or clusters
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X-ray diffractometer(XRD)

X-rays Production

X-rays pass through berylium window

.

Excess powder

1 Crystallinity and Phase Identification (Use of Search-inatch software)

2 Determination of Crystallite Size (Scherer Equation)

3 Determination of Unit cell size (inter-planer distances, unit cell
dimension)

4 4-Indexingdiffraction peaks (determination of Miller indices)
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X-Ray Powder Diffraction (XRPD) uses information about the
position, intensity, width, and shape of diffraction peaksin a
pattern from a polycrystalline sample.

Anatase - TiO,
Brookite - TiO-
Rutile - TiO,

Intensity (a.u.)

35 36 a7 38 39 40 41 42 43
Two-Theta (deg)

The x-axis, 2theta, corresponds to the angular position of the
detector that rotates around the sample.

Anatase

Brookita
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Identification of Phase and Crystallinity

bofore hydrothermal treatement

,5\ after hydrothermal treatement
<, amorphous part
P (103) (004) (112)  (200) (105)  (211)
‘@
Z ®) o Phase-pureTiO,
.=
| ‘| ‘ ‘ anatase
(c) F T L T T T % T » T Al T T ¥ T ¥ T J T 1 (154609)
16 20 24 28 32 36 40 44 48 52 56 60

Figure. X-ray diffractograms of TiO, before HTT (a) and after HTT at 105°C for 24h

(b) Diffractorgram of anatase reconsitituted from the Inorganic crystal structure
database (ICSD Collection code = 154609 )

Study of Bismuth vanadate
(BiVO,)
LS4
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@ ®
XRD study of _ ' |
Bismuthvanadate - __._Jt_JLM_A_LnU_LM_. 5 r
(BiVO,) A TR
i l oA don_] Bl LJL
k- E L
S L 1 l.l A l J A L, H\ A pH & U
f I [ [ | 18
10 20 30 40 50 60 10 20 20 40 50 850
26v Degree 2¢v Dagroe
(c) F  Omra BV(pH&) () | b mocnvicd BVipH9.5)
1 8,0, Cuzes hig | @I,S_;w'.{_.,
B0, Henagona mid i BV Monocime i
= | B Monocires til : Bv Tevagonal red
N { -
3 | g
*l ¢ Hamlla = | i
—-—J ! '
A T et e T T b e .'J 8 PR N R L L |
10 20 30 @ 50 60 70 10 20 2 40 50 80 7
20/ Degree 20/ Degree

Figure XRD patternsof BV samples prepared using (a) different microwave treatment times,

(b) different pH values while keeping all other conditions constant and (c,d) Rietveld refinement
of powder XRD data for BV(pH6) and BV(pH9.5), respectively. For comparison, the standard diffra
ction patterns of tetragonal BV (PDF no. 14-133, red dotted lines) and monoclinic BV (PDF no. 75
—2480, blacksolid lines) have also been inserted at the bottomof a and b.

Effect of Lattice Strain on Diffraction
Peak Position and Width

Diffraction
Line

No Strain S S

Macro-stress: Uniform
(a) Tensile=d increase OR
(b)Compressive:d decreas

Uniform Strain d, A i
(d1-do)ldo ) eak location changes
Peak moves, no shape changes |_| [ | | | ] N
Shifts to lower angles Micro-stress:
i i Tensile+ Compressive
Non-uniform Strain Peak-widthincreases

di#constant m AN, RMS strain

Peak broadens
26—

Exceeds dg on top, smaller than dgon the bottom
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INENSTY a—

FWHM Si
Peak position 20 2000 - ’
| mode S
]max = ==
i 1500 -
! Si
: Can also be fit with Gaussian, %‘
: Lerentzian, Gaussian-Lerentzian etc. 51000 4
— TiO,
Background j\J J\
— : . ’__/‘/ o b A AN
ST N ANAALRNAAN CRARRNRY 15 20 25 30 35 40 45 50 55 60 65
Bragg angle 20 —— 20
7N .,
Worked Example | . ™ | =
Bash Standard Si
2000 -
A (Cu-Ka) = 0.154 nm
1500 -
263 =253° z
eB =12.56° C g 1000 4 'Ili 0.10
0s6g =0.975 T B,-086 253 [
500 H
By =086=0.015 rad Bs Z %
=01 =0.0017 rad °]
20 %
=B 2-B2 B 2
1=22211x10+
B=0.0149
k=shape factor (0.9 for spherical particles)
17N
& B add B 360° =2 x3.142 radians
0.86°=.86x2x3.142/(360) =.015 radians
0.9x 0.154
=9.5nm
0.01%x0.975
= K\
Bad)
‘Worked Examiple

A sample shows diffraction peak at 26 = 27° which has FWHM of0.5°.
Calculate the crystallite size if Cu/Ka X-ray radiation (0.154 nm) were
used.

Given: B =0.5° A =0.154 nm, 20 =27°

0 =13.5°cos(13.5) =0.972
o 09x054 ..
000873 x0972

360° =2 x 3.142 radians
0.5°=.5 X 2 X 3.142/(360) =.00873 radians

t=16.3nm
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Studies of NaYF, Materials

o

as prepared

p=p-NaYF, e
0= o-NaYF, o

after

Intensity (a.u
. V—
™
=]
“L
f
?—
- R

P B
800°c_2n |
B
B [ B p
L o Jc [ J
] | I ] L] | LJ

10 20 30 40 50 60 70

28

Studies of polyhedral oligomeric silsesquioxanes (POSS)

R
\ R
/Sl:i O /Si/
O
R 0]
\si/ “% N T = POSS
Il
orR—>— 9% N
‘/0 o) R
Si——0 /
/ Sl
R \ R =OH, (CHy)sNH,, (CH,):CN, other
R
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X-ray photoelectron spectroscopy(XPS)

diagram of XPS system

X-Ray source

Ion source
SIMS Detector
Analyzer Axial Electron Gun
Sample introduction 7
Chi}mber
' i =
LY
Sample __../ \ L
Holder AN N
"
: sample CMA \
Roughing Pump > — Slits

m Consider as non-
destructive

s because it produces soft
x-rays to induce

m Applications in the
industry:

Polymer surface

. s Catalyst
photoelectron emission ]
from the sample surface = Corrosion
s Adhesion
m Provide information = Semiconductors
about Surface Iayers m Dielectric materials
or thin film structures = Electronics packaging
s Magnetic media
= Thin film coatings
+ XPS AHERES X-M ZMES 1A EHo| WAS] 2Rl AR 1~10nmolA W&
2= MAe 2 oA E 5Hs5H0] &=
o YA AHEYHR ClUet 2 AHXIE Soff &= MAE AHLSHH 7[5
o AMAL mFL oHX| B ZER RE EH (T M)E AMEHSHD YT
o EHE st 4T Ct2 2AF Alo|o] EASM S LIEIT| 2o, EHe| E2|8 EN
 etety EM2 €3 MEel 41 Aolgt
o FEHOl XL 2EE Ho| X0 S{M0{ UX| 27| mf 2ol ol2{et xtol= =& 2| It
M A Bol g2 n|x|1, O Ao, Al AHE Jinl EH X
M3 Lfe| YXECH gtSMo| o = ZEE




CAPHYS 3243\Demo Al foil XPS Survey 2.ASN
Acquired: Thursd 31
e q ursday, November 30, 2006 14:31:34
EV/Step: 1 eV, Time/Step: 50 mSec, Sweeps: 10
Source: Mg, Pass Energy: 100 eV, Work Function: 4 eV
Min: 2132 Max: 130996 Spectrum
0 1s
"
O Auger
|
| ||
N(E) .|
4 | O because
j of Mg source
: FAm
Lo = S \ | - -
\t ‘I}] | AI
il | Al
» I R il 'll,. e ||I |I|I
a e _
1000 900 800 700 600 500 400 300 200 100 0
Binding Energy (eV)
Sample and graphic provided by William Durrer, Ph.D.
Department of Physics at the Univertsity of Texas at El Paso

EV/Step: 1 eV, Time/Step: 25 mSec, Sweeps: 10, Beam: 3000 V, Input: VF1

Min: 211580 Max: 487593

Auger Spectrum

F= Characteristic of Auger graphs
N(E) | | The graph goes up as KE /,N"
f \ : . increases. - - w/knr’
A ey .
LY v
% - /ﬂﬂr’
\| ,.m"ll| | ,‘,#'/"f
I"-'\__‘_: : ”v:-l‘f‘ri I‘J | v\,-\r-'/ﬂ{ i
= | e
[ : vy
40 186 332 478 624 770 916 1062 1208 1354 1500

Kinetic Energy (eV)

Sample and graphic provided by William Durrer, Ph.D.
Department of Physics at the Univertsity of Texas at El Paso
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Inductively coupled plasma mass spectrometry(ICP—-MS)

low vacuum intermediate vacuum high vacuum
~3x10-2 bar ~1x10-7 bar ~5x10-19 bar

Quadrupole

Turbo pumps

ion beam

n Detection

Energy Separation

Mass Separation

lon Acceleration
and Focusing
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> argon plasmaoll 2|t o
E mission region

Plasma

"’lI F' Magnetic field

Induction coils

- -

Quartz tubes

Amgon tangential
fow

Sample fow

> mass separation and detection

Magnetic sector

l

Magnet Coils

Flight Tube

™

-

Zajz=o} WY
2140+ Z02{Lof 0| 25kEl 17} ol

=40] 7tset A(F)7Is2l 247171

B

2ole B M

[ e L |

Temperature (K)

£ (+10%)
Sl j' -+ - 6 000
! . / \
R flTv— 6 200
E | IIII
815 / + 6 500
o
- ' T - 6 800
& 4/\—(}‘# — 8000
- (.l | l iy (estimate)
N
|b ) ~10 000
|\ U/
.\_\_J Fa \\. 'I/f’
- | Sample

ESA Hange
Intermediate Slit

“~~._PoleShoe

Flight Tube

""’Lh """-ﬁ-... Magnet Core

ICP-MS®Zt Inductively Coupled Plasma Mass Spectrometer?| 24XI2M “R =
71”= Z1&2| ICP-MS2| &+ JHe| AIEZAAM EAMStX}
5l ECt 22 3£ MM o

| " aerosol

Element

Filter Lens

Defiection Fiate

" SEM

=]
=
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o rr ot
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UF| AZ7} FE AMRED, 2t 22
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S5 dEE Isk0M DdE MR tFE2] EE %0lM ppt o5t S0/
TR EHA B Jtssin, gt Aoty R ot2t Bk, =E, AFE S0l EXS=
a5 °, 7tEE, 7el, Y2k, #2, "t S 0|F 5Y5to] Zr Hof st gy
o MEUS St ESMHEAM JIs
= o O = — /1 o = T o

1. Hood power on, shower pump on
2. =88 ANBE vesselt] & B0 70% & & 5ml EIHAIZ SH L A&E10| 5ml & )
— JOH AlIZ : 0.5g Olal
— O AlZ : 3ml
— tissue @ 0.2g(ZIH 0.5g). EY & =&
- O :0.2g
—urine : 8l&otX 21 =4
3. vessel cap= vessellfl 2% Z2H =10 30min =2 JtA HIHE floll hoodll & X
4. capE 21 Y caps FAAN HF

un

H=

4
Ol

UE= 54 (2F 20~50HH)

H A e

> o

.vesselS ullomOl &= (adapter) = JI7 2 01200 EAHE S0 S

. ultom(adapter)2 002 0I1EH 0 H

. =82 sample0| & 7101 DAl 2 E X balanceES XFHF1D LHAE=E OIHE 20 SOHAS 2%
iES I =)

5
6
7
E
8

. method & (rice: 212 Z0M =EZF AME, EUE rice methodZE 2 &)

= <

9. start — next — vessel == &4 = start — OK — start
(Xl 30min, OFOI22K0IE &= 1hr, 25 AlolJ] 30min — & 2hr A R)
10. Finish
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1. sample b5ml0l 3Xt 2522 50mIIt Al mass up(EHEHO
2. program &= (syngistix)

— |D : foodpalis

- P.W: foodpolis1
3. 0I22 JIA check(Z Aol =2 HRA0MA H0ILI=X] 2+0l1)
4. chiller power on(2EJH18CE @ ZE MWDK JICHE)

5. programOl Al plasma on= ot 12 pumplll line2 211 line2 §HAM 118

6. plasmaE H1 < 20min =2F run

7. Tuning solution(NexION Setup Solution, 500ml, PerkinElmern) 2 50ml tubelll &2l 27 probe=
=2 S(sample0| S EH S2|20] BBEH Hot D, HotA 22 Al sample0] =X $AHLE line
0] BB =Xl =et)
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8. smarttune — fuction — open — smart daily 2021 open — optimization — performance check 2

= 0IRA 22 — Quick optimize 8B — 318 =0 result — summary — passed &2l (sample0l &

AN tuning0l &, tuning0l E Al £Od failedet ) ZAIS D 102 8% S0l CIA|l BEH= ASHGHY

ICP-MS

i

5t

2

Blalbration Standara 2
“asion Standard (ICP.-MS)

9. J—Lxﬁ“ L ICP-MS-CAL2—1

T :0.1,0.5, 1,5, 10, 50, 100 ppb(0.11+ 0.5= sE2F N2 SOLA 2H01 222121 B2 B=2d
2 Alaxu & EALEE)
o BEEZ S 10000ppb0|H Y6t SEH2 54610 AF2(STD 3142 [ 3% ZA AFR)
10. sample
- AJS Loc. : Al AIA
- Batch ID2 sample ID= s4a&tH &4

= measurement action : sample blank= run blank, Stds. and sampleZ & &5t LHH XAl sample2
run samplei & A

ICP-MS

78

T EEELD.

O e e e 3
120 Sampan s, Whem youcieh
Aw-,:s-u- the B 1A% Sl bew

——
mﬂ)‘!l'?.? |
U R N TR B

li‘_'

|

LY 3 : ; :
= method: LEZ 0I2A 2ot 2427 — methodIt MU= AOAH 2= 0t

AL =

down(function — save as)

11, AXE X&Eet 20 XA sample2 E=U M lackdl location

12, =82 samplel] €= P25 S = analyze batch 22
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Calibration Statistics| L

Y=Ax+8
] Slope

|
| Sigma A
[1a.5155" i

Correhmn cndﬂdmt

13. report

o HEA B2H01(0.999<)
o sample0] 2AIE 2 STD CHH] 2t0] ZAIE — (4)JH L2 H =22 =

< data save | 2= GIH M export all — yes — excel XM &

ICP-MS

14. washing : control — autosampler — Go to rinse(washing, 10min) — Go to standby(dry, 10min)

15. plasma off — chiller= 5min 8= O =& = off — pumpW A tubing XA
A~ =
Tolg d

1. Sample2 B 5 0.45um filterS AI25HY filter & =4

- fecese= A S0 A HZ0 202 4 56HH probe, line, S 2l& 0] B3]
B0 MU 4 US| BFEA filter = =4
2. 022 JtA D SCtE ot B 0l BN I ©™ plasmalt HE += S

L &4 =30l &a d3

3. StandardJ} OO A g0| LIS [ blank(3% &AL gt &80l

o blank 201 =& Al blank(3% Z4&HE WAHGHHLE 3k S+ LAl

or go to rinse = Al washing & &

Atom probe tomography(APT)

. 71ES

S 1M AFedo|d (Transmission Electron Microscope, TEM), MM X 27|

(Auger Electron Spectroscopy, AES) 2! 2xjo|2 ZEZFEZAJ|(Secondary lon Mass

Spectroscopy, SIMS)&= ZtZt @7 == St s detection limitE &FSHA| T Of

= ST
E SAlol 7bE = fte XY 2H Lt 2xpY EAjol2tes ShEo| AE

« O|E F=357] #lsll sub—nm &2 SZtEas2H0ppm F=ZF2|
= b

=
= MZ2 3xte B47[Holx} 53| 48 Zest ZE X

i

detection limit& 7}X|
I

2 Xte| B=0| JhsstAtom
Probe Tomography(APT)= Z|&2] EAMHS A ! Ets = U= 4 s 2|




WCAMECA Ty Description of Atom-Probe Operation

Atom Probe = projection imaging with time-of-flight mass spectrometer
< L >

1000000

~80nm tip = 80mm detector = 10% magnification

100000

10000 1

1000 A
ime of Flight (TOF) identifies mass
TOF~500 ns for LEAP

ATOF<1ns

100 A

10

Evaporation initiated by:

* Field Pulsing (metals)

* or Thermal Pulsing
(all materials)

1 T
45678 910111213141516171819202122232¢
Mass-to-charge state ratio (m/n)

High \ _ neV = amv2

Voltage = -
V~10 kV, Vacuum @ 10 Pa (1010 mbar) \ ~80% Detection ‘;_ml-‘,l: : ;z\r;sttz?:zt

Efficiency

@ CAMECA Description of Atom Probe Operation

Atom Probe = projection imaging with time-of-flight mass spectrometer

~80% Detection
Efficiency

~80nm tip > 80mm detector = 108 magnification

[ ] [ ]
(min), > (min),

80mm
Time of Flight (TOF) identifies mass

» Field Pulsing
* or Thermal Pulsing

High \ - \

Voltage — o
V~10kV/ Vacuumn @ 102 Pa (10-'0 mbar) Truly 3-Dimensional data enables
visualizing features hidden by

transmissive techniques

HCAMECA Thin Film Specimen Before and After APT

SEM Image before APT

Analysis

Volume
analyzed by
LEAP

Post APT
Analysis
Image




HCAMECA TOF Mass Spectrum (Ni-based superalloy)

EOU‘E

Light elements

Ti2*

o LU

) 5o e 0 230 250 270 toawen o 5.5 s iz
IMase-to-Charge-State Ralio (Da] Mass-to-Char¢ IMass-fo-Charge-5t Masz-to-Charge-State Rat 33Ul 19 Us e reuy (e

AT Rl (100x100x250 nm)

B2+

. Count
Caunt
Count

B CAMECA Compositional Imaging

Al-Ti-Cr rich phase

Co-Cr rich phase

Virtual TEM lamella — with
compositional information

MAFsAo| A (TEM, SEM)
Transmission electron microscope

o EFIIMX}EO|ZA (TEM)2 Transmission Electron Microscopell 2AXIZ MAIME A2
5t A|2E FofAZlI MAIME MAE =2 2t sto] ZHEsts MAE 0|

o MMAMME AtZEsSH?| W 2ol 2z 2ol 22

o HfE2| (I} 100HHOAl 1002t} M 0|0 ALS A Eo| FH5t0 o2& o = U2
o O|E MAtsn|d g &0 7|5

o TARIO| AR E FE miof] M7|= MBI ZEef {0l wet 4o xS HOoH
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H( CAMECA Local Compositional Analysis

Composition of Particle

Interface Visualization Precipitate atoms Flement.|. Noons | At
N Ni 11929 62.81%
| e e e i Al 2777 14.62%
! I { co 1791 9.43%
|Ti 880 4.63%
Cr 679 3.58%
Mo 541 2.85%
W 246 1.30%
|Ta 86 0.45%
B 17 0.09%
Fe 16 0.08%
Nb 10 0.05%
ST 9 0.05%
Selected Volume Mass Spectrum
~4nm | ., Co, Mo
1 Tier
; Mo, Nb W, Ta
y |
Selected volume ‘ IMM m
analysis i ” “ﬂlH‘HI{“[UMULHIILH”LL I]JII{ h\llrihll |1 \III.I\ t|| i1
% 9lonf, o Ho|Ze AIRE o Q7 Zalokstn 2xtglH ol Atnt 2HE JHsSichE B
Mo| UX|gH B, MEL =X Q| o|MTxE nHESHZ|of &t

Virtual Source

= Firs; Condenser Lens

Second Condenser Lens

Condenser Aperture

Sample

Objective Lens

Objective Aperture
Selected Ares Aperture

Frojsctor Lens

Main Szreen { phosphor)
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BEwo sapmxgpsoln FApHES O] 24

(_'ﬁ_'_j. &Tﬁ:ﬂthﬂ -._ Electron Gun
il & 2 ey
e caved - ’
--\f_hg:-'-‘;-— Specimen i ‘"',;_'r
"’- “"‘ ."’. - # & - "
<> omeene @< OEE @ M

., -~ = %
2% < Nyl

" -
<—> i R

b, r . F Epﬂim?ﬂ
4 e
"l."x /' ‘__./'f M
Wi - N
Eye Fluorescence
S rEeT
Fix} $olg

i i %3t T BORKTEM)

B FHALRA KATRA
B 0,2 pm 00002 L0015 jim
EiCf HHE T HEOE HY 250} HH
Mg =0 b WIS [HsEx ARE Est Mapaol o r,l,.lIL =dv J-.I:I: > TN A
fiel 2 & T"L’_-i S RcHal | ASEDI LIEEHLE M2 #FE | 2 EHM BralEE TR
nlt Off 2l LIEILES A8
= AlS0) AT SR Sl | AlRS CHH Z1 NG| B0 | AE2) Q&) T MER0| 20|
=3 LSl HIE BRI s -1 &}
T Ay = s =] = =

2E Hnjo| off
(EA)

scanning electron microscope

* SEME Scanning Electrone Microscope?| 2ALZ sample?| ZTHZ MAEZ Solf
scanslto] imagezt Al7|= MASO|H

o KO MALE YALSIH O] MAZ A|RHE Mo SZ6HHA A SEESI0{ A|Z0[A ™AL
et 2 =Zo| FojLt2=d], ol EAst= 2

o Xt #olde delHeZL P zL; Ut so|dn 22522 tf2n JiE 2
p=23 HA

a= 4}
AO|H 2 MAL sold=2 & Al MAME ALEetctes A
o ot Ho|de RE|MZ=E A5 A2 tE=H, MAME2 F2lE SatstA| Z5H|
2o MA A=E ALS
o MAL AZ=E MAMOZE XA E UHEN O|H2E MAMME 8 L& AT FX|
0|0 §3] SEM2 Al=R0| AXFa&HS SEAIZ| D 1ANAY S AR EHO| FALsto] Hh
7 = UE OXIMAL AL E scanH 2N 3Rt EH

SAIZL Zoll FAL 2 x[oll tHS=|

A (=)
& = AUS

nmZct 55t TS 2do| BuHez Ee

gam 7
« SEM2| ol

H1
g
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Filament (electron emitter)

Electron extractor
Electron beam

Anode

Condenser lens

Scanning
magnets

&, —

X-scan

X-scan signal T e, __7

.. Z-axis signal . | T

Spec:men i Detector

Stage

> AL =8 2 DLS 24
Dynamic light scattering(DLS)

P MEHIIE X

o MHAH F 2F AF HIIHEAM H|EIC] Cx= A& UX|H 0|0 AT ALZof| PEkE o|X|
A Z5HA sto] HEME 2E5t) ALl ol Mg & A2, EteetE2 S
dets FA A2HM AE2 A2 = T STHEM ALE

o My HIMH A e HIHE AFol Mynt SF £ HAME 244 A7, FaME
oiUl=, oto[A3E A AH=tEl FRUMME =z 7|50| o|HAMo| =& dEj=2
7XE = U 5t SR FuE Yo7 oaF, YH2lot K 7B o|M=0| AFE
ol A MZESHA| RSHESE o &5t A |

=]

o oHHH, =H

el
e
fol
=
o
on 4
H
rir
2

2
>
ok
n
rir
j:
rm
rir
1>
HH
1o
[lal
o
mo
o
m
m
ol
=

ol
Q
N
=]
o H
rr
>0
« Mo
=
N
1o

Al
fatofl 2ol 2o =, MEt M2, olo|d, RHEA HOHE &
dynamic light sacttering 0|0{, O|2{$t MItA ! HIIM et AZE X Z2|
Tst= Ol AMEO0| Jts
=

HotE JEol = of Fu|It EsHez MEEL U

« MIx{o|
o O Tl L
g 4ol &4&

. SENE B pYMe B2l §7] fd MAE £ ZTHY 5 UKD AR 2
HE o2 grEe AL %20 Y5t 28 290l THSIES st o 7I5H o
Sh
=

. et BEK 9 Az olobE 70| SEMe Wed A ZRWS olUolM HE 8




H2 Maste o &2
=o|ztety EAM2 25N MBI g0 2 5
2 4otg = den, My Ms3 2 ]
2o M= MA 2+ Holo| LFEZ AlH
DLSE &%t Zetasizer Ultrae= &4, 7Al & 389 ot Mt ERe EM EAMo| ALE
=0 MA S AlZES B0l ME22 HES 2HTE =¢

Spherical Cylindrical Polymersomes
Micelles Micelles

Surfactant Block Copolymer

* 4y, I and V still important but
difficult to calculate.

« |nverted structures are typically
not found (in solution)

High Medium Low

. NO un'[mer exchange pOSSEble curvature curvature curvature

Pz “BsPses Y2 =sPs|
— frozen structures formed!

| Packing parameter
or factor = via, €.

Block Copolymer Self-Assembly

Non-Ergodic Systems Unimer Exchange Requires

< = + Extraction of hydrophobic block
from core

* Interfacing with the polar solvent

+ Diffusion through the incompatible
corona

All very high energy processes

Final Morphology Depends on
Preparation Pathway

@ - B

g
g

e 2 nm for
H: Baroclinic Tubes 1: Bicontinuous bilayer A: Large compound vesicles B:LCVe D: Tube-Walled Vesicles

E: “Omions”
PS(386)-8.PAA(79) P5(240)-5-POE(1 ) PS{240)-4 PEO(15) P5(410)-5-PAA(LD) PS(100)-5-FEOC0) PSEAI-LEAMLT)
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Analysis of Polymer Self-Assemblies

Microscopy Light Scattering

Light Scattering

All about g (scattering wave vector) J 4

Source ?'L

—msin E
4 >

A

Units: Reciprocal length

*

@
" ®
*‘*

Detector

q
g-scale Resolution Information

grR<<1 Whole coil Mass, radius of gyration

gR <1 Topology Cylinder, sphere, ..

gR =1 Topology quantitative Size of cylinder, ...

qR > 1 Chain conformation Helical, stretched, ...
gR>>1 Chain segments Chain segment density
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Dynamic vs. Static Light Scattering

DLS

I(t)

I(t)

Dynamic

—
—
—

TIMAAAPMANN MY A

Static

Dynamic Light Scattering

t=0

., B
t
\. \
"_F ;- T

SLS




Dynamic Light Scattering

* Measure [(t) at multiple angles (q) and concs (c¢)
* Each measurement gives you a correlation function g,(q,t)
* Fit correlation function to get relaxation time

7 il Dapp = D(1 + kpc)
s £ s,
5 Z **{ R *. ........ f ....... i ....... i ....... .{
= af £
- § 210
& () clami’)

Single angle measurementsdo
not confirm that sample is under
Brownian motion or that the data
B SR is fit to correct mode of interest.

Al
o
b
N
D

Lo o
p -
R
!

|
=l

Static Light Scattering

+ Static light scattering (SLS)

— Measure scattering intensity over long timescales (e.g. 10007) and
average

— Provides information on the mass, size, and viral coefficients of a
system.

-~
| = KCM, S(q) S
K = contrast factor (constant) :&‘ Rs
C = Concentration \“9‘

Mw= Molecular weight
S(g) = structure factor

SLS
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- Lt S29 M HE(In vivo, In vitro) — ZAMY, Z-7[, @57l Lt

1) MzMdEE 53
CCK-8 (Cell Counting kit=8, Dojindo Molecular Technologies, Inc., Lot No.KL709)

assay= Z|&2| MTT, MTS, XTT assay ZC} A|&0o| Z2tHSID], Maltst ZulE MESY
A= 7|HeZE 22X CCK-8 assayE 0|S5t0{ A =AY ofH|A|HS = SIACH

Al 2 ofefet Zct.
® Z+ Mz HEHZ FH[stl, FAFY|E 0|E50] MEE HFosIUCE
@ i e X|ol| SELEl MZE 96 well platedl Raw 264.7 M[ZE 4.0x104 cells/well2 23
50 37 C CO2 Hit7|ol 24 A|ZbS ot vl kST
® 7|& WX|E MH et =, HdHUS X2|5t0] 24 A[Z} vl LS
@ Zt welle Ml =Zaf 2k X 100 xf 7|1F 10 uf CCK-8 SUZS Ho{F0{ CO2 i L7[ofl 2 A
2t ot vl kst & Microplate reader (Molecular devices, SoftMax Pro5, USA)E 0| &5}
0§ 450 nmollM ST E SHsIRUCE F™sH 0.D. &t2 HIEH2Z Cell viabilityE otz 2|
Alof| h2b Al AFSHR Y
% of viable cells =0.D. of test group/O.D. of negative control group X 100
O.D. ; Optical density (EZX)

2) M=k 3 S22 X2 (Raw 264.7 M=)

@M Raw 264.7E 24 well plateoll 2.0 x 105 cells/well2 seeding & 24 hr di2F

@ FBS7} Z&E|X| &2 viX|E AF25I0]1 Mock control, Positive Control(LPS 1 ug/mL) &
Al E22(ALP1018 50, 100, 200, 400 ug/mN)=H 2 X2| & 24hr tf &t ClS MSWUS
F st

(1) NO(Nitric Oxide) MA=H

O A= M2l = 24 AIZHY ME s YH S 22|65t U2 ALZSIYC.

@ MME NO2| 2k2 Griess Al2F21023, NO (Nitric Oxide) Plus Detection Kit, iNtRON)
0|23t M= ufj 2l Zof =x3h= Nitrite(NO2-)EHE2 EH 3t 20, MME NO2

g =tst7| flsll Nitrite ZE=E S 0| &350 xF dF5M S MNYSHL s L

ﬂH)!-

® Nitrite ZE=Z S iU X| S 0|25t01 1 mM XS 2= CFS HHAEE 345101 0,

® 7.:1°” 100 02t 7| 3'80—.”(Sulfamlam|de in the reaction buffer) 50 W& 2t welloll X 2]
5to1 10 272+ AF20i|AM S AlZ]I =, 2HAM 200 (Ngphthylethylenediamine in the stabilizer
buffer) 50 S 2t wellol 2b20| gFSA|ZICH 28 = 540 nmollAM &

=& =d5t0d NO9 =

_>‘|_.
AL
ofr
)
o
Ao
rﬁ

|-r|
i
>
]
_ol
2
nl

(2) TNF-alpha(Tumor Necrosis Factor—alpha) 448 =H

™ Mouse TNF-alpha ELISA kit (ab2083487, abcam)& 0|-&35t01 TNF-alphall &= &
Yot en], M= TNF-alphael 2¢2 HE3tst7| ?/sl Mouse TNF-alpha ELISA kit L
I =5 SHESIICE

ol

o
EE=E 0lE

@ Mouse TNF-alpha ELISA kit Wi EZ==Zo 1 mfe] Sample DiluentE & 7}s5H0d
10,000 pg/ml SHS THE Cls HAEZ 54Ms510{ 0, 46.88, 93.75, 187.5, 375, 750,
1,500, 3,000 pg/mle| EFEMHZ FH|SIULC

@ AN 2 FFZEM 50 WE ZF wellof] E=2 —':rl Antibody Cocktail 50 /S A 715101 400

rml =2 aROM 1 AlZE SoF HBtE A[ZFACE

50 EFHFTM S =HM

o

H




2Bl = LHE=S HM7AHst 5§ Wash Buffer 350 2 3t M[A S CE
M 100 wWE Z+ wello €10 Xt&SH0] 400 rome 2 A=20|A 20 =0t HhE
00 w5 HII5l] Mg ZSX|AIZ] CFS 450nmolM EEEE &
AA .
=22 well Otch 50 ul
2s s wello|
2

U) 0

@ 1 Al
oH
AlZl
X*OP04 TNF-alphal s =& &HESHACH

® 7|’é
= Stop Solution 1
™ IL-6 ELISA kit(M6000B, ouse IL-6 Quantikine ELISA Kit, R&D systems)& Al-235IH
Oof M z=str, A
| A st
, Al E
A

mediaZ 1/2t|
st standard, control

(3) IL-6
C}. Standard 250~7.8 pg/mI7tX| ZH| 2
4 EFetch LPSE MElgh ME-
H X =
L
@ Wash buffer 200 ulZ 4 washing & Mouse IL-6 ConjugateE 100 ul*
20 A2ollA x2St 30
Yotk
it, R&D

=) o
§_T'_I- =2 =
Ho-L=Z T

o|-_T'_, A| =

of M=

@ 50 ule| Assay Diluent RD1-14
50 ul® H7}5101 tapping, AH20lAM 2 hr
wellol|

Substrate Solution2 100 ulX

L

ol M 2 AlZF XSt
@ Washing =
Stop SolutionS 100 ul €2 & 450 nmoil A
@ IL-1beta ELISA kit(MLBOOC, Mouse IL-1beta/IL-1F2 Quantikine ELISA Kit
systems)S AF2sIE CH Standard 800~12.8 pg/mIZ7HX| SH| 28 F
St ME- media®Z 1/28] 3451t
Z5t1 standard, control, A|l=2& &g
F|
' A D A2
220 Al XtHSH 30 & BFsstd,

(4) IL-1beta
stoich.
AMZ well Dl"-_—" 50 ul MI I:'xOI'EF LPSE X'IEI
=F
=l
CREE
ze

@ 50 ul?| Assay Diluent RD1-14
50 ul#l FH7I5Hd tapping, &=20M 2 hr
Oum cell strainer

PNE=X
@ Wash buffer 200 ulZ 4 washing & Mouse IL-6 ConjugateE 100 ul*
Z 450 nmollM = ds .

MAIZI & RBC lysis buffers
80g, 10=) 5t04 H| &M Z &

1

= =5t
ITE x|
=

2/ (

oA 2 AlZ} tl|-7c|ol-|:|-
@® Washing =, Substrate Solutlona 100 ul
Stop Solutions 100 ul ¥2

o MZE &

=
AN

2|
_Tl_Lél_
10, 4C)5t01 A|

4) Mouse H|ZAM|EZ Proliferation assay
(1) H| &Mz 2
@ Y| Al 20 EEX]
of Sz}sto{ 0f
S RMES ( OOOrpm
13t RPMI1640 HIXIE Y2
lI(96well plate) E 1 X 10°cell/well &=H|5t%HCt

ofzm
2ol M4 E &
EtOH = ZF=H|SH T}
@ SEHZS w
Z0| B335t
HIZAMIZ + ConA(2 ug/ml) &2 LPS(2 ug/ml)2} M=
e skt
=1 c
=H o 1

(2) HIZM = 23

54 &

M 2+ test(NC, Positive, ALP1018)oll CtSz}

- NC : H|Z&MZE + PBS

— Positive control : S

— ALP1018 : H|&MZ + 2t 5= & ALP1018

@ Zt TestE 6AIZF 3! 48A|ZF Hi2F = cell proliferation assay
®@ Proliferation index = A|E(sample)e S&= / tH==(control)2
—_ 64 —




1A

=

S

DA

(W 369 x L 156 x H 132 mm)
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& 2H 5 Otel Olst

=25 20.85 ~ 22,14 T

aliss 55.82 ~ 59.34 %

B|& 14-18 3l/hr

EL ) 12 NIZHE 7 Al BS-2F 7 Al &5)

= 150-300 Ix

NS D ﬁt%éﬁ;?—é E‘BIEIE 13 014/ 1 = 282 2 3 0l
/1 =& 0ot ACH

=
BSC (B7|= Al d57 JuU=2 145)25H S5
M

oI R E)
NEA Sl 2200l oletxl RLE(CYE 484 2202 1
Glolfl 8 RESIGICH Ciok BUNZETES HRUMASE S 2
RUSY FOZ  SHYE

2 Rodent Diet (R+40-10RMM, SAFE, France)
Sadtot A F AlZCH 2

o
o
N

2 M= =E2Fe AN atot &helstdct.

ZIH

ALY HAE AESEE 270 Aspen bedding(TAPVEI, Estonia)e &<SABSC (d71%
YA HdET HWZ 145)2FE SZeot Al AXt0| Zot ALESIQc REER gl H|
SUMZFE MXME got Eelstct

=T

AYsE0 325 =22 B2 ZIEUH0IEXM S5dol Y XIFMF AFHCH (F)7|2YY
nhekpl (AS ZAA FaZ 219)0f ofsh MI|AM AANH 1 &)E S5l ‘Hes FEY|IE ¢
HAAL Sof &tst A&(2td 53 H 8332 2019 A 12 & 20 & EFHINA) o & &EHX| &telst
iCt.

jun} M =2 A ES2HS odf EO:I':II EO;IOHak Tmat
[ (=] S=T S=C TT =2 - == (ml/kg/day) (mg/kg/day)
G1 M 8 1101~1108 = Saline 10 0

G2 M 8 1201~1208 4 Saline 10 0

G3 M 8 1301~1308 Of ALP1018 10 8.33
G4 M 8 1401~1408 O  ALP1018 10 16.66
Gbh M 8 1501~1508 (4 ALP1018 10 25.0

¥ Gl SEUXET, G2 @ FEF, G3 : AlIS G4 AMEZI, G5 @ AlE 2
a) 22 588 s JIES %aéﬂam&'*(m GZ) e AI%%é(GS G4 G5)
b) NEESE S0 IIE

Soigel M
olzxtel 2&o| w2t FoiZS MHIACE

@F0
SN RL 1Y F RS ARSCH
Soidz U Meo|R
NS 3 SMUZSTS HTE0 SIMch 2ziXtel 280 wel ANUBHEE NE
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St Ct

Foisl & 7|2t

AYHER U SMUx=EZe Fois 27502 5t 138/Y, F 738 Foisi0] 157 F04

StCEH FOI7HAIY E Day 122 sHCh

Fo{UZ AME

MAE Foldz2 %2 S MBS 7222 AME(10ml/kg-body weight)sto], &= 3
H =

(@) E0qHbtH
ANEEX 2 SHYZSHS FTE0I8 Z0IS LAB YE FAI|S 0| 85t0f 2lufo 1

= [\ o

5| ZH F0{ 5k

st

S

A FE22(FEUINAL), FOo7HA|, EH o SYsIQUCt MBS HRAN S22 ALESH0 &
Hstdct.

G

N FLZREEH 1372t Foistn g FAHSIICH

FAAl isoflurane2 2 0tF|5t0{ SHEW =2 ME 2 MA[SH = SST bottled| Fisto &
g Z2lsict 2elg €82 -70 C o Eastct

AMEo| et2E S22 F4H2 /st stisY 2 SUHYMS Hohsto] 2 /XAt H]
a2 JIEME HESId RFHE SHSIRUCE JtEMel FAE 083501 Thymus Indexs
otzf et Zo| HAtstRict,

Organ(Thymus) Weight
Body Weight

Thymus Edex(%)= % 100

M &t 5|22 RPMIT16408) 2tofl ot NK Ml gt SFol| AEstRCt HES JHEH2
deep freezerdll E st AldH FF = o|2|Xjof| A MEstCt

®Cytokine &%
2aolst E&Hol|M cytokine & IFN-y, IL-2& Luminex Assay (m
multi-analyte kit)E& 0| &35t0] HEHEA sStRUCt CytokineFHol A5t
T o EJ—FoF_T'_ Al B8 5 o Z|Xtol| Al ME Tt

mouse premixed
L| dHEHH= -70

= O -

r|0

YAC-1MZZE RPMI1640 HiX|2 Hi2tStT MZE H£=35t0{ 96-well plated well & 2 X
10° cells, 1 X 10° cells, 5 X 10% cells, 2.5 X 10* cells, 1.25 X 10* cells, 6.25 X 10°
cells, 3.125 X 10% cells, 1.5625 X 10°% cells, 7.8125 X 102 cells 7} ==& ZFH|3IF C}.
5l &

o

Low control(assay medium) 2! high control(2% Triton X—=100 in assay medium)o|
solutiong A7I5tL 37C, 5% CO2 7|0 4A|ZF HY 2SI CEH PlateE |AEE2

= 2t well2] AFEM 100405 flat bottom 96 well plated &F = LDH HHEM 1004E &
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7tstn 28 Xthstod room temperatureOllAM 3027 BFSSIQUCEH 492 mollM SHEE &

M (reference wavelength : 620 nm)0|'o:' Ct.

Low control®} high control®| Xto|& &kl &
(125,000 cells/mL)E 2A|&Holl M-SstHCt.

Hx 2|

H &M 22 22| ¥ Effector &H

|
Hode|Agol Eatet HESH 5[ S =AMLEA 2445t0] Mx2E F2[5HE 70 um cell
strainoll &1t5t0{ o{ T}SIFACE HIFOAM HIZEM2E 22| Al HF U5 &8 FAH 2

N H|ZMEZIF &AL B 2FEo| 2| AH(necrosis &)= 4 ¥9|3FE% St .
o s KAAMEZ[(3000rpm, 102, 4C)st] M=ZE ZEXMA|ZI = RBC lysis buffer& Eof
E k=2

= Coar
He T

oty st RPMI1640 HiX|E Y A E2[(180g, 10%)8&@1 HIZHM| Z 3 E
ZH|35tCt SEtH S well & 6.25 X 105 cells / 100 ££(50:1), 1.25 X 106 cells /
©0(100:1), 2.5 X 106 cells / 100 ££(200:1) 2 Z=H|5}0{ effector2 ALZ3SIFCE.

Target M Z(YAC-1 M Z) =H]|

2 ruan

NK M Z2| targetM Z 2l YAC-1MEZZE RPMI1640 HiX| 2 Hi LSt 96-well plateo! well &
5510(A ZA=E MIZ £(0. 1 X 104 cells / 100 xf) 7} 5 == Z=d|35}%Ct.
HFS

96 well platedll oz} Z0| =H|(triplicate) & 37°C, 5% CO2 Hi 7|0l 4A|ZF SOt bYf

kst CE.
Back—gro Low High Substance | Substance Test
und Control Control Control 1 Control 2 sample

RPMI1640(medium) | 200 &4 100 M4 100 14
YAC—1(Target) 100 44 100 14 100 44
Triton X-100 100 14
HI & Al Z (Effector) 100 /2 50 46| qo0 ue
LOH Standard 50 14

LDH standard (Cat. No. L1254, Sigma)

22|5104 Mm7} 2t x| o FAAYH ALSM(1004)2 YO BHE =
of ArR3i%C

NK Cytotoxicity & 2 A At

Mg & ASH 1004E flat bottom 96 well plated] &3 = LDH 2SN 100 E &7t
st 212 X}EFSHO] room temperaturedl Al 3027+ BFSSIACE 492 oAl SEEE T
(reference wavelength : 620 nm)StCE. Measurement Wavelength (492 nm) &3 ZtollAM

reference wavelength(620 nm) & g2 w2 FHE Z1tE 0[335101 NK Cytotoxicity2

ALt otz 2F Zo| sSHCE.

(Test sample — Low C’ontrol)
(Hz'gh Control— Low Control )

*» B SZToM background control2| grS il 0 A AHSHC

Oytotoxicity(%)=

(4) ugeiolelel K
AES Aol EASE 248 SHARINK RERAE DOSD B3 Y EEHAE

T Auxie[oM BH225H0] 7| S5t
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g 2 7tsd FAE 2dE AMRR|7IK] # 2 ALZ EESED

RS,
a5 A At2[o M eS8 5o 7| F 31Ut

okl
Bl

o
5
M
e
o

(5) S8AHXMzZ]

DA™ol chEH| 1l (parametric multiple comparison procedures)?| 4 0l = Levene test 2
S22 S AT F, one—way ANOVA testZ 72| M 2 Eolsyct AFZHAYA S&2 Atel
2% 22 A It S5 Duncan multiple range test, @& 7HA =71 SL5IA| 2 o™
Scheffe multiple range testE 0| &35t0] T =Z 2| Ro|ld S AXSIF L o] F4tel A 20
= Dunnett’s T3-testE 0| &350 L =Z1te| 7ol S AMYsIUCH SHHA EM2 82

2 4| Al2= 10 A= SAH mf 7| X[l SPSS(Statistical Package for the Social Sciences)
£ 0| 25}10] AAISIF 20, p<0.05¢ B SAXMLSZE Fo|sictn EH SIS},

H =4 A

1) A& A

(1) &L AS

ExMgeld 22X (SPF) Sprague—Dawley 2t =[Crl:CD(Sprague Dawley)]. &tZie| A<, 1}AH
of 718 22 &o| gl sAf Al F0[X| L2 US ALSSHYCE

(2) 3= MMM QE[MEHO[AY| = dHA| ST Z0tx| 2 322)

(3) Al A 2| MEHO|F

= Algoll ALEste HE= SHAIE 2| ALEE D A EFTHAIY 7| A=27F M 5|
of A0, O| & Al Ao silM 2 Hotol &8 = U7 Wi-20|ct

(4) 452 12020 W 06 H 12

(5) == ME 3! 5 b 2t 22 012, & 44 o2

(6) & Al =8 1 7 FF

(7) == Al A5 H 2

® =74 1 189.59~203.07 ¢

@ 271 1 168.82~189.39 ¢

(8) 4d & =35t

Al g oM E AAMMHEAM L S 22| 222 HAALSIECHANNex 5). € F 6 Y7 =3517|2t
2 5o, =3517|2t & dUtEAS BHEsto] AASH S 2SS AIEo| AFZSIALCE

9) AL S5 & 2+ 20 ot2|, & 40 o2

A
A A e




= AlE7| S|

(15) s=dE e A8 =

e AlEHe 2 Alg7| SEAE e s &Ql(E2H T 1 1A20-01823)2 HA & =
Act

(1) =24 : SPF AfE7Y 3 34

(2) 25 He| : 2% 21.940.4 C, MAHSE 54.941.5 % RH

(3) 87|38l : 10~15 3|/hr

(4) Het cycle : HHS=EH 12 hr(08:00 BE~20:00 25)

(5) =X : 260 Lux

(6) =5 : 54.3 dB

(7) 2ot &= : 5 ppm O3}t

(8) AFSAXL 2 AlS2E

Ao, =3}, Fof ¢ BEI|ZH T AHQlalAM TALFARH250W X 350L X 180Hmm)oll 3 Of
2| o|5tZ F=E3SIUct AIFAXIe WA= 22| Al MASICEH

©
=z
HU
b
l

AtE(Teklad Certified Irradiated Global 18 % Protein Rodent Diet, Envigo,USA,
2918C-111819MA)= 50|70l €11 At F AFCH 22 S8 48 A7 = 2
2|7I2HO|EX =Holl @10 XhmdF AlZCH

AR 8 =2 YA ZdAts 2 AlRT|Eel EFEEYXIEMo| mz2b sl SHFCE
(PC20-00634K).

3) Al

(1) F0{eH

® FoiZdz 3 MEio[w7

A7 50, 2750 Al SME YotE7| 2faf ME4SHICE

20 ml/kg2 2 Fo{UZZ A LtstFC

(2) AlglZel 4

= kol " = _i__'a: —_— = <>] .c_>ﬂ| t"bl. B o \%_ L:.}-
(v]) (mflkg) (mg/kg)
Male 5 Gl1-1~G1-5
G1 B 20 0
Female B G1-21~G1-25
N Male 5 G2-6~G2-10 ) ]
G2 ) _ ) 20 1,250
Female 5 G2-26~G2-30
N Male 5 G3-11~G3-15 )
G3 ) 20 2,500
Female 5 G3-31~-G3-35
Male 5 GA-16~G4-20 _
G4 _ ) ] 20 5,000
Female 5 G4-36—~G4-40
Gl @ 34 g=3, G2~G4 @ A AEE FoF
(3) F0i8% MYo|®
Z|0f Ato M 22H8.3 ~ 33.3 mg/kg)2l 2F 150 tfjoll i &5HE 5,000 mg/kg2l F0{22S 1
SYTOR MFED Ju|E 2 2 Fof IRYT U NBYPS MYUCH Fo WRERS
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I tablez} figureE 0| &35}H0]
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2 A2

ol

A

[=]
e

FAEt.
ANOVA test)2 &350

S

oft
IH

1)
~
EH

ofu

e

ol

&
o
%0
0

ofu

or

o
T

B3
o
%0
EN

B

—r
110

oF

o]
&
Tor

EFHAT p<0.05¢! Aol A

EFEAUXE Mo
(SPSS, Chicago,IL, U.S.A.)

St

F

2H
=

o SAXE|of

== sS4 mZ|Xel SPSS 12.0 K

NERIE

2 0| &3kt

=1

AHE
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I}t CO (Operation) flow

d=

: DM (Data Management} flow

4

[ Protocol (RS) j

P L
= rotocol  T—
___protocal i protocol _

o ———
—

_,—-'_"'_'_'_‘-
= bt CRF (DM) | Case Report Form ———
INDREY, | S g PSSV (CO) | Pre-Study Site Visit

CRF document
result

documedocumedocument

IRB (SSU)

Reprc Rept -ﬁepar_
fr_..(docurr[ducurr(documenL]

Site study start-up

dae‘a—»[ Data input (DM) J
£
/[ Data mgt. (DM) J
R ——

Data lock

Menitoring

e

"
== cov

archivin
J )

cov”
Data list for BM

archiving [ archiving
—_— =

[ Blind meeting (CO) ]
N
Data analysis (Stat) j

1
CSR (RS) J Clinical Study Report
1

( NDA (RA) ] New Drug Application

.

P AA AS oIZ[XIZEML| AR

= |IB, Protocol, CRF, ICF & MFDS &¢2IM
= A AKX 2RZTD

= =712 SHA AR & EM

» FARAHY ZE Yk

= Hl2FAl 2 Kol 2ESE AlEE

= Al AR EA (AMAIE 28 xZal)

= QAMAIYE EHH YAIKLE el &AM

= IRB £21E2 M, IRB member list
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A S ARF M7= R A gtol A
00N, TR0, dofR 0y

= MFDS &2IA (if applicable)

= A|EALL| O|EHAM XA SH BHE EA
= ASHAM HAF Zoteh B HA #He

» AHAN HAL 2 SHAM, 2lEM 5

= P E2| X|&, 2fH HAE, 25, COA

» PSSV/SIV/MV/COVE 1M, SAlIAE LHE,
= SAE, SUSAR % otMAM Ated Alst

b oAt AlE MeIRtel AlET|Te| R

;o

IB, Protocol, CRF, ICF & MFDS &¢2IM
Al AR 2RI
=78 Sl M A Xt

HekM 5 MHo| 2

o
z
_(ak

0

A AR B (AMAIE 2 xZgl)

= QAAE B EHAKLE Bl EAM

= IRB £2152 M, IRB member list

= A|EXLe| O|EM 2 XA Y ZE EAM
 AEAXN AL el ot HA He

= ASAN HAL 2 SHM, 2BAM S

- P 22| X|&, 2&, &2, 7] 7=

» SIV EIM, SAIRE W&, Z2HEM,

= SAE, SUSAR %! otM M ated Alst

» A AR MY & SHY|F, AE3E HE
s SUHETM, ZRETAM, AWE N

I AAE

o HF T I MF g

® HF T ! 5L

| R4 FEURE LR M SZ400mg/, 2S2800mg/
)

(ALP10182M XM B82200mg/e, 2EZH400mg/L

® ClHAHEAY =i JHAEZ(MRSD)
NOAELO| 135 Ht= Fo{ =1 &2l 5000 mg/kg 2 M3A§SHAIEE HIEH2=Z US
FDA Zto|=2telof w2t HED ek &hE

SE50{2H5,000) x {SEMEHH(6)/QAZFM FHA (37)} x A E(0.1) x 12 =
(60) = 2F 4,864 mg/day

SHAEEMHY 2 Fon|sto] AR AEE EHE HF

o SIHNEAY F0I8Y MY

In vivo OF$A ZEo|M 40mg/kg Ol AR E Re|Mel g1tE H ¢l

CIHEBAIY T0I8Z A

—

]

OIM M ZAIE CHAMXETL 40~60AM O{AO|22 MZ 60kgE AHlAt
S=50{2H40) x {SEMEHX™(3)/QUZ A FHE(37)} = 2F 3.24 mg/kg

24 x 60 = 194.4 mg/day = 2F 200mg/day (ALP1018)




i 80 o o o HE 1 0 Hu Y| m =
[+ _.__l A_l D.__n _.=_| H_T ._2 _l_n_ | - m_|
© fot o o M < = Y — =
= folo ;oo N H ©
H - . ol oln Rl ol
o aa e = = ofy R <d | Rl o
0 B S & n S TR 0 M
of K B w9 TR s B _
XF ol . S N a5l e £ =
2 T 5 ol o X E R o 5 =
or oS LH %0 KE O ar % Ko m 1o bl umn
% — _ J_u._u._ ] J0 = mﬂ_ H ME " . 3
ol o = = £ zm ¥ ~ e et
2 Wgr 8 O mE | R = U < e
I S K- 57 I = —
80 u_n.”.vl 59 m(-m K o oF od i, m o3 ol Alo UJ
<0 = S o} e
! s 2R g 9 T N >
K Sy B % E K f_ 50 £
M W 5 < = 10 Ol_ mw ._o_._ WAI A._ _.__o o_o . £ )
[m] o NOK 0 = = T0 W = . [ —
= %WAOH_W o £ B w_mm___mm,uﬁ o & B
M 0 S 3 X &l NS T2
H MV S 0 82 = o 8 n T 0
= S ot o i 5 N T = ol © 2
i K1 =8 _ 2 T 73 o] = 3 #l & <3
77l = > <k O © B o A OF 75 &K KO IH o 3 S
= ol =3 ~ T = Ko S X - M = KO -3 all o
oK oF | m s SX =0 B oo g H0E
e == = = = —_ o —
% @ |5 sy 2Pw & E R I S T
f e o m T T | F TR K 5 M
Klo = [ T o B T m < [ 2T ® Koo Z
N Al B2 m T g = W -~ o0 RO LH 3F =
LN B _g- 8 ®3 Ry o nmmas =T 8 _
BT Ko m._ * < . B < TR Y FT s s o = 5 mm &
ol ) __AA_o oo 0 Rz m_m K o0 — .:.h.._ o oo oK - zu B m
ol W —_ gl —
s | = o oq KK E s M %Rm__h oKk T
Ho °F = Jo [TV oY o2 WA._ < | BL_ j - Ko T
U BT R Mmooy TR T MR ® e AR
O O = " I REAREF W Wy o | B K xmex < 5 K o<
TN || 8| 2% | cARAtshano | el ARNRE AT S oW
5l = <F
() = <0 ~N ~ ~
or B0 B0 =) X kO 5
< =< B0 <1 J -
< < #l =
<

of af

o

=

t

AL Z20H0A o

- AST, ALT > & 1X|9| 3Hj

X
- 74 -

F

2.0mg/dl

6) =2 670 O|L0| =38
o|g}
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of OfX]

32l HAOA HH =7t 3000 /pl 0|4 8000/ul OISRl At

3c|d Al HBO| 2 194 0] ~80Al O]
3) 232[d ™ 138 O[Lo| 23| O]%

}.

A

A

7tst7| Igolct.

100
)
2)

1

Al iRt
CHALRE 2

M

4) 2 ANHEAI™ A =M CH5I0] Al

KH

&0
=

Ly
=]

321d Ext

AlSE2] MO A™Ci&A S2|M(informed consent form, ICF)O| A{Si
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e
o
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F

U

IHHEAIY &ojof AgXHez &9
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[

(o]
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e
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oo

2/(160/100mmHgO| &2l X #txt 9 =HE|X| @&
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+ Hjo[A2tel HE(Visit 2): S MY HFB AALS 24A17F FAYOZ QN HEAIY At
A7t £ QHEEAIGHHYX} 7125
© 3K} 4K 2 (Visit 3, 4): HE W %2 LFY 5 39 50 A|QEH’5X}7} XtABE AlO| 7|
iKIZ‘ Al EA7L 2l5810] gQlsict, (T AI0I7I%7(I 4y 3

1Y T8 FUS Zasie Zi% H1gict)

9) MMESEAL MHBESZ AL MAIAMEESHE(Global Physical Activity Questionnaire,
GPAQ)O|| <lgtct.

10) FHAUNE: FEAWY S HFY/HLl7|FE 51.:.‘ ‘80| 232ld YE(visit 1) X H|o[A2HQI &
S(Visit 2) BIH0IA & BQlEl T o] Aztel Y (Visit 2)0 AA|BCE

11) Ol¢ete RLHY: 0|8 SChsh o &gt
80| YA RS

[ o

0| T2 ATIX W oj0F Bich

el

%% X-II"*gAlﬁﬂMglfol "}E:IA-I |-Al>3'_|»
YA
(=}

12) NEAEE 85 ZAL AIHAZE £8% ZAHE 3k} WE(Visit 3), 4k BH2(Visit 4)0f Al
X7 K&t 2 QAMHEAIEE AII“’I "’E*" ClImicide;
NESER T B2l oAt HA U J|=ei A9k °'*1I’H
EAEE ME NYLRRH g Ye dY ﬁﬂaf =8 E =AM
5104 onxﬂmgug OpX| o} H“:'O'(Vlsn YK 80%E DPEEHOFQ
ch
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EERRAMED

8ol (Tl gk E4=7H KR
EdHS 10-2015-0082170 B 2015.06.10
S 10-2016-0124398 SEHS HE
2 Hge dedd 9 SUanE 7= 25-77 23 7 Td= ¢ ool Mz e zet A
HdMstA = FlaS 4t F714E BHEA7| 1, MRlEtEE S510] 3% fEE TH = 550[2-77|
598 A FE ZHE 9 0|9 HMEuey S5 Ao|th 2 2Eo F5-57| 24 FE 2922 Y Y
1, MU 40| Sle 222 A5 0 HESE S0 210 222 Xt TR FE0 £
H A2 od =22 F85HH 0|82 + UL
5'.
g__.
T 1
EsH i
L
z o

FERRAMED

22 A 21HolR

T704F & ALO|Of &5 0|20 EEEN 3% fEE O|F 1
1 | HEIWD, ZR5=2] HUoM =d0| LIEILHA] e AE
=55-737| =4 & 4=,

Al 1o oA,

5 25-77 24 7+ zd=20 =5 0|22 EEA7|7] Yot
(Pure metal) £ ol 35 (electrolytic metal)2 A2 6= HE EFCE "
Sle 2571 =4 7 F £ 8= I H O EZAF O gl
A 230 Ol O A, E Ao B-AlEE4 G RO
wed Ee T 852 04 &E(Mg), 2&(Ca), L7HMn), E(Fe), T2 ZD} IITHE| Of SiaFAl oF gl
3 | (Cu), Ot2(Zn), ZE(Ga), A EDHE(Ge), 2 F(Se), 2EEE(SN), XAERF | HEa 2=

2

Hr

o

b

A
olz}
=
=
M
=
THE
o
X
bl

v

(), B2|=E(Mo), 2(Ag), HI(PY) St 0|42 E@BE 72 S50 Ed9 2
2 = 22 o7 =ZH %I.E_‘E}g% ‘d=0| FrHel 3stAo| 7|75 of
L = | = By i
A 1201 SUOTA, L
4 | R712 A =] st 0.1 M WX 10 M F7|4 B8N £ S|4
Ol golS AIRML 2 ENoE sjt 24.97| 22 px age  [UTd HASI AR

- . olgekgq 50t =k A O it)4; -
S78 £9 Er 20|y @ BUAL NEE e add), b suR BEET S BLA R2kR04 Magh
(aconitic acid), 2 E4H(malonic acid), =2 4¢H{succinic acid), = F EF= 4} 9 g
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HR-TEM & lefractlon of OFeZn

+ Metal d-lattice structure?f
interfacefl| A & EZ& =22
dE = EeE 2Eg
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+ CHE Metal particle=] & 20
T O ez derE.

+ Metal particle formation| in
vitro £ 2 in situdi| A &4 &

A= 29 (in situ TEM)
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organic materialdt metal &4 20| 2| &t
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E& 420 28 peakdt Ot 1 Ch2Fe
organic material2t metal & 20| 2|5t
broad spectrum(| LIEILI= S22 0| H 2
Z 02t =g

EDS analysis of OFe-01

After burning (700°C, 12 h)

MES CHA 260 FHE
0|Ho| B¢ LCHs 8T )

= 250 Sh=di2amefal,
contamination(| Of=l.

2 =2 burningd] € & Lt2=
2|5FH =TIt 95%0|4t0|2tD & £ gl 3.
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EDS analysis of OFeCaZn100

M=g9 ex 27| 58

-
L
_§1~::-
2%
Ciit
cal
o e
| oK PR
Lokl
1z 3 T
. OI &2 B2 El= WRet S8 20l 28 peak)t LIEHS.
— s
. =, _EZ’P L i LUK
* Cupeak= gridiilM Lt2= 20|22 contaminationol otd
« Y= burningl| € T LI 2= 2|22 HYSHH =TI} 99%0| &0 210
[ p— =
L= 2ol Atol= 22 4E(DLS)
Sample Name: ALP1018FP 3
SOP Name: manseftings.nana
File Name: ALP1018.F Dispersant Name: \Water
Record Number. 3 DispersantRl: 1.330
Material Rl: 1.52 Viscosity (cP): 0.8872
Material Absorbtion: 0.001 Measurement Date and Time: 20229 28 4% 2% SF 10:20:01
Temperature (°C): 250 Duration Used (s): 50
Count Rate (kcps): 269.5 Measurement Position (mm): 4.65
Cell Description: Disposable sizing cuvette Attenuator: 3
Size {d.nm}): % Intensity: St Dev {d.nm}:
Z-Average (d.nm): 3183 Peak 1: 1572 100.0 2148
Pdl: 0.473 Peak 2: 0.000 0.0 0.000
Intercept: 0.932 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report 1 '572nm

n W B
= = =1

-
=

Intensity (Percent)

Size Distribution by Intensity

=2
s

100 1000

Size (d.nm}

[—— Record 3:ALP1018P 3

10000

#Hel: 1,357.2nm ~ 1,786.8
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Sample Name:

SOP Name:

File Name:

Record Number:
Material RI:

Material Absorbtion:

ALP1018.F 3

Temperature {°C):
Count Rate (kcps):
Cell Description:

Z-Average (d.nm}:
Pdl:

Intercept:

Result quality :

mansettings.nano
ALP1018 P Dispersant Name: \Water
3 DispersantRE 1.330
1562 Viscosity {cP): 0.8872
0.001 Measurement Date and Time: 20225 22 42 S8 2F 10:20:01
250 Duration Used {s): 60
2695 Measurement Position {mm): 465
Disposable sizing cuvette Attenuator: 8
Size {d.nm): % Number: St Dev {d.nm):
3183 Peak 1: 1520 100.0 259.8
0473 Peak 2: 0.000 0.0 0.000
0932 Peak 3: 0.000 0.0 0.000

Refer to quality report

Number (Percent)
ra
(=]

Size Distribution by Number

1 10 100 1000 10000
Size (d.nm)

[ Record 3: ALP1018P 3

Sample Name: ALP1018.P 3
File Name: ALP1018P
S0P Name: mansettings.nano

Measurement Date and Time: February 04, 2022 10:20:01

Cell Description: Disposable sizing cuvette
Temperature (°C): 24 99936

Dispersant Name: Water

DispersantRl: 1.330 Material RE 1.520

Viscosity (cP): 08872

Material Absorption: 0.001

Intensity (Fercent)
r
(=]

Size Distribution by Intensity

1 10 100 1000 10000
Size (d.nm)

Record 3: ALP1018.P 3

M=o &AW 22
100%

=22 LAt intesity 58

1 Correlation Funclion

Cumutants Fit

10 100 1000 10000 100000 1 °
Tims s)

100080 1000000

3 ALP1018.P 3) Cumulants ALP0T3F 3]

—— Famecoas api018P3)

AP018F 3]

DLS calibration data

_93_



® Lt

Intensity/a.u.

Intensity/a.u.

F
Mo

Intensity/a.u.

1z
fjo

10
o
X
my
O
0z
el

-

U

unknown peaks

|

l |

sample AB
(CA+Fe)
1
sample AA
J (CA+Fe+ZnS0s)

Citric acid

10

_I_

unknown peaks 0|

26!degree

ZHEEL

ME 0= xrD I{E O| M citric acid &

Ol 2|5t peaks 2HE K| 11, 57l 0| & Q|

Citric Acid{CA)
— Giuresznso: ——Ca+Fe+Zn504
3
&
=
"]
unknown peak c
s
=
4 :';.4 13‘.&' 13‘.5 14‘.0 14‘.2 144 1];.4 1 TI.E 1]':.5 1BI.U 182
2aidegree 2dadegree
—— Citric Acid{CA) S =
jpliaae. = SUHM HUE 2= sample AB2) citric
BARF Erztie acid XRD peak M| 7|7} 28t 0 unknown peaks Al
7| = zbst
L O O-

unknowh peak

19.4 19.6 19.8
2adegree

200
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Intensity/a.u.

1 |
20 40 60 80 100 120
26/degree

* Sample ALP M= AAtAB Rt E 2 F7Ho 2 SFIMMX| T ZE XRD peak
Of ZHEE|X| 2

 2th 20 =X broad 2t peak2 HE L0 7|28t A Y. 40=/80
= A broad 2 peak2 short range ordering (H|E %) o 7[¢lE

1.MOF ZX™ =7} citric acid 238 T+=2} FAlSICtD J1I83e 49
 Citric acid 2} metal Z} B2 S S35l polymer S0 rearrangement 7F &SI citric

acid Z& =2} o A MOF =& &4 & ol 4<% unknown peaks E2 &=

4=
o J7ts4ol 5. Wt of Jtgez £ ME2 XRD HEHEE4 e ZF Sample AA 7t
AB ECt MOF #=71 & Mty EerE.

2. Unknown PeaksO| MOF #+=2|1 Jt8et A9

« citric acid %7} metal = YbE5t04 citric acid 28 F+=2t= M§ Cl2 MZ2 MOF

E8ME o] E unknown peaksO| MOFT 0|0, 0| peaks 2|=t5t =M1} AYF

5'#3|7| 2|5l PDF4+ DatabaseO|-&35t04 search slf SX|2+ 845X 28 +0| J1H 2
XRD t{EH 2245 A< Sample AB 7 AA EC}l citricacid?} 8t S ¢ BO|

HE0{ MOF =7t MHMez & ooty kg,
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Intensity (eps)

2:0e+008-

1.5e+006+

1.02+006-

5.0e+005

0.0e+000

1.0a+0064

8.0e+005

Intensity (cps)

Intensity (cps)

Citric Acid monoclinic 722} & Of & 2.

Ll

.

Mess. datadd,  ——
Mess. defact A ——

Citric Acid monoclinic 222 & o

Xl
s ]

=
r= 1

30
2.theta (deg)

40

POF Card No. 00-016- 1157 Quality:S

@
3
H

4 Oe+005-

2 0a+005

0.0e+000

()
.

ini1)

(31 m

@i

138 B O3 ofE =g

*  Fe304 Orthorhombic 77

24heta (deg)

1.0e+006

8.0e+005

6.0e+0054

4 0e+0054

2.0e+0054

10.0e+000

m

wmon

Meas. dats:dh ——

2-theta (deg)
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PO Card No.. DO-002-0819 Guskor|

*  Fe203 trigonal 72t Of& 0| & ot

1.0e+006-
Meas datadd ——

(104

8.0e+0054

6.0e+005-

Intensity (cps)
1

4.0e+005-

2084005

0.0e+000 Fo L e A \JJ /\
20

30 40
2-theta (deg)

Mt
i)
ol

*  Fe304 cubic 722+ OfEO|

1 0e+0064 Mess. data:As ——

8.0e+005

6.0e+005

|ntensity (cps)

4.0e+005+

400y

2.0e+005+

L L

a1

24heta (deg)

»  AAS AB 7F HAMAT SRt ZI0 2 HOjE,

1.0e+006: Mess. datadh ——
Mess. data A8 ——

8.0e+005+

6.0e+005

Intensity (cps)

4.0e+005

2.0e+005

0.02+000 L_A
2

30 40
2-theta {deg)
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w IX AME O] A [mf W =]
> BEE ME 8l XM 2| : At.%]
Cls Fe2p N1s Ols S2p Zn2p
CA 68.55 0 0 3045 0 0]
AA 50.66 7.52 0 36.68 2.67 247
AB 52.57 373 0 37.07 3.33 33
(0] OH
(9] 0] 7
— =  complex
HO OH
OH
Compare-2
Compare-4
15can, 5m41.0s 200um, CAE 30.0, 0.05 eV T.RcE GmALDs: Q0um, CAE 00, 0008
i 2 00E+04
AAME0| c=0 ;r\ —_— A
spont EE0| S7HE I An ABUY
l! \ 5 1.50E+04
40001 ApMZ0| c-0 | l f |
0 L= c-0H EE ! | f L
£ 20007 Ol T2 | \ | £ 1.00E+04
8 ERWY. 8
2000 | v
.'I e I
—_— /j ,/f 5.00E+03
G c-o sed '
[ A i i b c=0 C-OH . =0 C-0 *
2 30 C-OH
296 294 297 280 288 286 284 282 280 0.00E+00
Bindifia E niergy (V) 544 542 540 538 536 534 532 530 528 526
- Binding Energy (V)
# AB Y E9 @5, contamination carbon?| & 3lo| ZHE|of F3 H|2517| ofojE,
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» Peak deconvolution @C1s, Ol1s

AA AB

T T [EEEET
4 Seam 4 miads Mum CAE X0 00w = Surm 4m M ¥a Fhm, CAS MO D= W

Cls

2 g D Cdm MR me oM mro am

Emargg Envgy (Y] By E gy (91

| hame |PEak  [FWHM |Ama (Pl | Asomic Q| | ame: | s
|BE !

| Mame Peak FWHM |Area(F) |Atomic (O
lersev (% |

[N P

O1s

C T T 584 M1 M7 sm o om

e ——— -
sl i | PN vea Py | M Q@ Name [Pk |FWHM jAm®  (Aomi |Q
¥ ! ey e ) e e (%

n= ! 2 e

» Peak deconvolution @ Fe2p

Compare-5
1 Scan, 13m 21.08, 200pm, CAE 30.0, 0.05 eV
5000
AAM
ABM F
- [
4000 o |
) Fe304
@
=
3
(=}
o i 1
3000
Fe metal?l |, Fe-S
UX| =27t Ea g
2000
740 730 T20 710
Binding E nengy (gV)
Pl fcan
3 there Fmide Som. CAETLL. Lnsw
20
2w o
i
Fe2p .
2mu N
™ ian 11 i N i ot
st oy 01 SImung Ly i

Mg Prak [PWHM s P Momic (0 Mamat
il LR
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» Peak deconvolution @ Zn2p

Zn2p

2n LM spectra of zinc metal
and compounds GR5 e
BB eV
= Zn0O
-
-
-~
_— .f"
o M) M: B BB MR ¥ | 100 i
Kl Eneegy (s g
.‘J’
-~
- ’(..
J-" ]
Fare [Fam [P Jum 7 e |3 !
[T e =] [~ B
e v
CA I EE T T L
UMD Ecan
38care. F2s. Tum CIE 0 OOV PURPPPOIIE vt . Y

ENT

sl g

oF 95 5 OF Y 4B 065 090 501 OA O T 066
iraiic Enongy (V]

AA

» Peak deconvolution @ S2p

S2pScan
T Scans, 2mé&.4s, 200um, CAE 30.0, 0.05 &/
1400

1200

1000

&00

Counts s (Residuals = 0.5)

Sulfate S

00

174 4172 170 168 166 164 182 160 158
Binding E nengy (V)

Mame Peak FWHM | Area (P} |Atomic |Q
BE ey CPS eV S5

16175 2.61 133045 67.53

168.07 3.36 63749 3247

HHZ2 sylfateE
Z51H, CoreZEL
Sulfide2 =Xjgt

" Sulfide
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> 35 H

XPS

energy FeZpas [ eV

Fe metal 706.7

Marcasite (Fes;) 707.3

Fe0 | 709.6

FeaDs 7108

Fecl; | 710.4

Fe2p Scan
1 Scan,

T Scans, 4m40.4s5, 200pm, CAE <00, 0.05eV

Compare-3

13 m 2105, 200pm, CAE 40.0, D.05eV

=000

5000 =

2000

000

Counts /' &
Counts ' s

| M
| AB

5000
5000
000
740 T30 T2 i 4000

Binding Energy (=) T40

Binding Energy?} 709.6eVE ZHE (Fe0 ZTHE)

MALD-Tof 24 Mz}

ALP1018 DW-SA-LP maldi-TOF

730

720 70

Binding Energy (V)

AB Y E2 Fe-s Z30]| 2}7t 2.

citric acid maldi-TOF

50000
40000
30000
20000

- - o

e SEAE SMEH T F=E 2M5l= dHol|l UM
SeA 7 2HEOX = 2™ HIHES Lol
= St otE Lk OF° SFE Lotf= A
7122 o|3stod gMet FEAe FxE
Time—of-Flight mass spectrometry2 &4

o MEHMol ZotAo| U™t 2XZ0| HHEE= HE|
&off o|{ &S0 FEHMeZ HIEE 0o otHsHA &

7t S ApMTIs2l St

0 Ltotzt o] =pEoll oo M x|
olct & AFoM= MALDIEI=
£2 &9 Fdisg K
g 2ol2 el ®7IIE 7I=E
el USE &l
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[> atom probe tomography &4

Sample #AA — Atomic decomposition

ko To Litved BCH - Ml Spectis ANBbON X | L5 Top Livid BOH - 1D Cox o Profee - b X M Top vl RO - Bk Co
| Rrg - RO
10=307]
d |
Tieait ]
| |
1o=n0"
T T
o - a0 180 200

wad || Eport

Rt o530

k-4 o .- aa ¢ - BB
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Sample #AA - 3D reconstruction

Sample #AA - 1D concentration

ks, Top Lirvel RO+ Mt Spectium Anaiyin &5 Top Livel £04 « 10 Concengration Frafle « Soame % | % Top bevl BOI - Bull Componition Anay

w0

Comveniration (Ao %)

;w—[\"‘-v\\f\/‘\ e wa\/\n*\ngxm/w\ww

(=g - R

¥
a2

It
L

ErE-EEN

[ ] .
Ogtinn
lonic
® Detompcsed
Deiphy jon Sourts
Desplay Eror fars
£ Bar Tipe
an -

Extmute Rackground

St ACE

Sk Selaction Famge
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Sample #AB - 3D reconstruction

RSGE2 D29

v.HEB-asa c L TEGY
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Sample #AB — Mass spectrum

— .
e &g

EEETTEET ENE T T T

A Ty ¥ Wa 1 0 Ll RO tra X % i e A&
= e G [
[
=
o] .
- W
04 B
o) o
I

ir“‘l""w-'Wm"‘«!z"w.p'k*Jwt""’hi",r’f'”"’ff|~’*’ﬁr‘r'»M:«-'*\,1-‘nl‘*a“‘Mﬁr*v'n’\""*‘“‘w‘rl‘i-"ww"w-*ﬂw'"Lr-*"*@“"l"ﬂ""WM"M‘J‘W"‘WM‘TNJ}[ |_

20
: o M
My i ] 1+
Wy Alae, iy A *
i’ / ' i

M 1 e e T R e e e LR e i et

e | -'.nr'l i
l*.ls\"l
T [ T T T T [ T T T 1 1 T T T o
o ¥ 3 & 4% 5 i L
NSt Qe L= Ho fAL 2EXE =Helst] 7xo| EMe ntet
2% eRtel ohyEel Dt olyNel EEE S5 Y SHe oAYNS sl
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Ll 2o MA Metd - ZMd, 287, 2538, it
7lesd A
AT g B2 AE
® Li-2Ee B4 MY
S=4¢g oxel
@ ADME test(male total n=56)
P =
/ ALP1018 oral injection Blood sampling b
3.3mg/kg
— 1 day
Acclimation
'-‘ , L3 L ! ! LI ’ L3 ‘ Li ‘ LI ‘ LA ; L) l L] L L] . L
—— - —
oh 1h 2h 4h 6h 8h 10h 12h
SD rat whole
blood
(200-300q)
\ o Group 1
i /
r/-’ ALP1018 oral injection Organ biopsy: liver, kidney, lung, testis, ovary, spleen, blood 3 day-\\\-
' 3.3mg/kg
‘- ? Acclimationl ', l !, l, !
. p L 1
e — h.‘v
Oh 1h 6h 24h 48h 72h
Group Group Group Group Grou Group
SD rat 2 3 4 5 p i 7
(200-300g)
\ n=7 Group 2 ~ 7
\'\ P ,,/
_//_ - . - _""-\-\.\
I/' ALP1 U;Baoralnl(njectlon Feces & urine sampling in metabolic cage 3 day N
.3mg/kg
Acclimation ', !, !, !,
Py’ —_ 4 !
e h.‘v
6h 12h 24h 48h 72h
SD rat
(200-300g) GI’OUp 8
n=7

\

-

male Fe ZEFTHHEE)
——H|I 71 8.33me/ke /372 5.14me/ke

—e—Nomal —@—Senoferum 8.33mg/ke

_—M-118.9440994
_,.r‘"_‘- —¥_‘_'—_—-—-_____\_ﬁ
e #-108.5403727
e

—
= ‘-—-1_,___‘___‘\‘

T e ——

— 9162995595 e 934006211 & 3913

T ety ~# 5419378882
~— 79.34410181
7516525024 a0
T— 431233830

B 5754140889 B
s b oT e Bg3g0aeis
—&-52.40793201
~ 44551453645
4 4008498584
) : _ . ah sh
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male Fe A| ZHE M EFE(MEE)

—#—Normal  —@—Senoferum 833mg/kg —a—H|IT1 8.33mg/ke B3 72 5.14ma/kg

5349185
136.0304436
0573358
: 7

-106.7681906
Py

— - 5 © tpeeOCIZER + 4 1000000072
— B i aiciseiit 9493152286
i) S 7915856978
B e R BRI
oh 1h 2h 3h 4h sh

female Fe & CH %_leaol:(;(.l Sk)

—#—MNomal  —#—Senoferum 8.33mg/kg  —a—H|IT1 833mg/ke E|W T2 5.14merke

. ©-93.77289377

ST 585982
= s
w%wsg 58118131868
72 83693844 A 736133436 283948387
B3¢ M \.
i = ss0a717949
61.85524126 * 63.06058963

57.94509151
4554908488
oh th zh 3h ah sh
e Ak =AS =
femaleFe A|ZME I EFE(XSE)
—4—Normal  —@—Senoferum B33mgfkg  —&— H| 1 8.33me/ke Bl 72 5.14mg/kg
571
58529 6361 105.8908883
e —4-103.0556837 KEEET)
cwon 3854383288 £ +—£68-6080839—— +—4B0-0050034 +HIG-OOHB0AE ——4 5599585438
40666529205 _—
92.79167729 A SE01403487
81.05559283
77.8750232
7200233077
oh 1h 2h sh 4h sh
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>

— 41139740506

65915008 0240506329
3EES4E06 — o
\H BsagaEesis
N 8125
et 76.55217966
’ 105
T4 62.44035446

male Fe 2FCH %-T—%F(-T'-%E)

—a—H| L1 33.33ma/ke Bl 2 20.56mefke

—&—Normal ——senoferum 33.33mg/kg

B-144.1215324

120.0803213 1195638702

T Tk-110.443038
e—— 1041881813

117.4985657

oh h 2h 3h ah sh
e AR BEAS i
male Fe M| ZHE &0 E+S(1EEK)
—#— Normal - Senoferum 33.33mg/kg == H| 10 71 33.33mg/ke H| 72 2056meike
57.9319288 167.847244% 166.860208
‘ 1620587141
4139052372
/ 136:9105571 'H?:EIEZ‘H‘ @;_H g Ty
A A T ———— A TET0072261  —— . 3207208133 -4 130.1240863
= 126 124:4344201 # 1226003992
1000001298 100.0000072
oh h 2h 3h sh sh
= A
femaleFe I EFTH (I EE)
—+—Normal  —#—Senoferum 33.33mg/kg  ——E|IT1 33.33merke H|d72 20.56mg/ke
c:-.}- R — 1104930468 &—300.9241466
_)_,,.f—--’-‘/ 2192882 106.3464081 41067003793
g 100.4847951 i
.97.22344645 A 06.96586599
.33 49695536
7O-90856641 -y 343203944
£3.26056665
oh h 2h 3h h sh
o = 2 X| C =13 o] = 2t 2 Xlo| =52~ C-Ne]
= E—I‘t EEEEI' oI'AI'jI' 7HE°|’—T'— AT L‘l‘—LE Dll—'le == ,=,—|—§!O| T —
- sls| A6l gl = 2 3slo
5’—"o| —|—°C|;|E|,_ = %Fn_l

7| &0l = A
o 7|& o|HEo] JHXL U
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—+—Nomal

—#— B|I 71 33.33mgrke

female Fe A| ZHH'E M EFE(DSE)

~#—Senoferum 33.33mg/kg

~—B|i 72 20.56mg/ke

’.___)'___.-r—"t 153.280023%

1316760973

—
1433994544

130.6629768

133.pBE3AIE

99.99939471

oh ih

zh 3h

4h

5h

WBCB(x1043 cells/uL)

WBCB(x103 cells/uL)

WBCB(x103 cells/pL)

16
0 2 14 \
—— female low dose 2 e —
15 15
P 10
male low dose o’ . female high dose. —— female low dose
= y
10 —— male high dose 10 = < —— male low dose —— female high dose
3
——male high dose
5 5 a4
2
o o 0
istday 2ndday 3nddey 4hdsy Sthdsy 6t day istday 3nd day 3rd day dthday Sthday &t day 1 2 3 4 5 5
measHGB(g/dL) measHGB(g/dL) measHGB(g/dL)
18 14 14
13 13 13
.
12 12 — 12
11 11 low dose 11
10 —— male low dose 16 femate high dose 10 lowdose
g —— male high dose " = —— mzle fow dose E] ——femsle high dose
s & ——maie high dose 5
7 7 7
3 6 3
1stday 2ndday Srdday 4thday Sthday thday istday 2ndday 3rd day 4thday Sthday 6th day Isfday Zhcday Bediday dday Sthday Gihoay
RBC(x106 cells/pL) RBC(x106 cells/pL) RBC(x106 cells/pL)
65 75 75
b, 7 s
6 SN
&5 65
~
55 . ~— female low dose. s
male low dose female high dose ——female low dose
5 male high dase =5 : \\ —— male low dose A —— female high dose
5 3 3 ——male high dose 5
45
as 45
4

istday 2ndday 3rdday 4thday Sthday 6thday

1stday Zndday 3rd day 4thday 5thday 6thday

1stday 2ndday 3rd day athday 5thday 6th day

et

T 24

- 109 -




- = b= o=

dn
0x
1>
ot

chs] SdAe (MatidHa dadE)

ORIGINAL COPY |

N |  SNUH 2001503 |

fal

Mz 0Ol _T|_

Mz

= AMBZ2 ALPI018S] &+ HRZHRE A S45 BIiot!| fotH SD rathisd 27 B
S EHSZ MBS OECD Guidelne for the Testing of Chemucals TG No. 420 (December
17, 2001) & ‘SI¥EBEES SEAME2z= ASEYSESNEAHIA H2017-71=(2017. 8.
30)00 M2k & AGHSCH

FHEZ= AMEB=E ALPINBO| ZEFJI=4s HEU 5 Ldoti. MBS It
82 ofill 5000 mgkg BW.= JEEHCZE, 2000 mgkeg BW.E HEZH2ZE 2Fol
Ol. MEE StHERZNEESE Sdallill AMBEE EEL}HE’J ME=SE2FHZ &2 B
U EZE FUCH, = Z 7F29 2 -4 SD at 22 sOICIMCE JAHGISADE Al
BEEZE 4 mLkg BW. 2= BEZEF:+0 Ediotd ZEUCH. SMMUHEZM=
=2 RI% EDESF0UE FHAISOD MBEESEE FFE UFFHE § 2oy
= HEHsE S= 254 ZE0IRY Fa= ST FAJHS HAEFOIH 0Kz 22
NS ERILL

MNBEEEE E0E RE ZES0AH AME ® 2|22 Eof ARSI E22 SOl M3
=& S0 £ ME=E=S Rl D= S=0AH. 2AZ22 =4 Hotdt HEEHS2
Lt 1-2A12F QIU0l Bac= SI=EEHE HESITLE 0] 210 2 NBSE0 S8 210
ctal QlEE = Sasa, #=01a2 S22 FRUALL

AME & J2 =0 Joist HE=HBs= QUSHCH, MEsE=E FOHE & === F30t
H sSCEUs H3s 0 & HIHAH =244 0la BH2 235 FUL
HEHOZ AMEBESE AIPI0IBE SD mtiild 3 USEHSHME 2t 2 ME £
HBHH A ALP10182) JH29] ZIAIZFZ 5000 mg/4 mLkeg BW. =Y HSZ HEHE
oLk
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ORIGINAL COPY |

MBHS | SNUH 2001503 |
6.3 1
(1) AFIDHA S ok QIAZ A BE (Tables 1-1, 1-2. 2-1 and 2-2)

MBEEE EHS O EEHA MEBE & JI2HS %?‘H AREEE E=22 RS
2000 mekg ST T=E SSHA MESE E¢ £ 55 HBEH LA} BB
EHH 1AZ2HSRH 22422 FA=EDHAU2MH, 5000 meke —‘?—{)4-1‘ B=E sS0HA ME
=2 F0 2F5H =4 2420 2EHH MNP 24l 3 S8Hs HE
GtELE  2IH = AMEBESEM 23 920ty dEL=E giedsH B0 S
=2 AEE A UL

(2) M=23t (Tables 3. 4. Figures 1-1 and 1-2)

MESES FOHE & JHNA 2 MES2MH Sz J0ictd MEEH= HSS 8
e DEEA LU

(3) 22 U HES= A (Table 5)
NE EE A 4= 2= JidM Uot F2 24, 25 Ol 23S 255
A EZRL

(4) A9 =3
0|42 ZME ZE5tH. ASE ALPI018Z SD ratli Al B HEEHSHAE

20 =S TIME2 5000 mg4 mLkg BW, =R A2=2 AAEEHLL
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ORIGINAL COPY

| AEEE | SNUH 2001502
NEZE S0 ZF 1350 A= L3N 2 4ZFMUAE MESE20 Z2EE SFEF
@l Hal= BEEA S0
g2 = JJ0 et Z0 2 sz S3 24 =312 32 500. 2000mgkg FHZ
Gl CHEZO Bluwol 2419 |Fejs 240 2FEUXEE A& HCD ERUE
SHMOM. Yl oA 24 2 RojAAE BEEA 2oL =4=tA 90|E 21
2= as @l
23 AN FHJ19 sSotF 2FE T 310 H2 ANZSEF0HIUA 22 HaE ¢ W
clZ fIE, HO 9=y B gige HM HIo WA s4&9 UHEQ 2ELNUL,
231e 2% U220 A HE SrEi B4 AME=EF0HZUA &S0 E£82] HLE(0]
ZEEAUSLE Ol HIZYHYU SAMS =F2=2 AMEEZ0W s S0|st s 2Z
A ZERALE
THYHZIEE A 2. FO0H0 28 S0/H =4 tis= HELA EIILL 258 O
oA &E=E 24H BE 9GBO FF BLe FE0AN HEZW MESEFOHZ
2t Hix& 2aE 200
F12] ZME SEoIE, AIE=ZE ALPI0ISE SD mat Ul 7= 1352 BtS FHEZ5H0
LIEHL = Sd& HIE 230, =312 RBC ES50AH ME=E2 |diol H0Is dalz
NS Fo s 290 33 A7 NEJE ICh H9e M2, g8 3
M EE0A == Ros Belsk EE2E£40| i), HCD BHAUS Halzh =
HstE o012 gl A2 BHGIRL
ZEFHLZ 2 AME TH GHHM ALP10182] Z =4 2 (No observed adverse effect level
NOAEL)Z & -+ E50HA 2,000 mgidml/kg BW. 22 HUHETL}
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ORIGINAL COPY |

ANE8 = SNUH 2001502

NE= ALP1018S] 1352t F+ B HE AN 2EHE BIoH)| FA0tH SD ratli
1 =

SAEN A, 282 SSAEHAMEE SAS 21, EMSHHE SOMGISIE HALH S
HMH 282 =0 =0 HiotH =28t BHa S0| 2SS J| 2 HCD &
HUHOI L, B2 =2 2 REHA SEYE AZHAHAE == HusltH AME=SE
Ol gst =2 HUEDE Bele AL B0 13 S+ B =EEH S4dAMEL
IONSUE Y STEIANSI SUEH 2.000 mgkg BW.CZ EF52UD. 32H
NEESZE S0{2(2.000, 1.000, 500 mgkg BW)I SNHE=ZS S2ULL 2 2 & 2
= 212! 1001212 F4E5IS0E Sl=Z0cs 22 R EaESss08 Efsise
H. AIEESEE 372 12 13, = 73] 132t P B=EENHE Z20= L= 2L
MEESEE EHE BE SENA AME & J|ZIE E3 AIYE SE2 B2l 28
JHHINHA 2E= SEESAE HE-ZUHAT AEEHSD SHZUHAHE SSoE=H0 &
LA 20t MESE20 o= FS0Ie7I20=E el A s SH0 Sst e
= ASERUL. 1 2 2 AMESE0 Ble 20ict GIFdE= LaSH, Ms0ld 2
HEHS S2 &SLHA UL

MNEE&HZE, MEEE. MER+E % S+EFHE Hu 21, d42H2E R2& BHE
Jf 2ELZUCLE ESH2AEFHOA Z2H A=S2 Hat2r a2d0| 8=
o= NEESE0 =4 0| 0t 22z M=5HULL

SHstEAA 2, 312 RBC E=Z0AMH 500 mgkeg SOHZEH 2HAEFHCE |9
St A48 EUCLE AEIE HCD HAUe HIZ AMEESE |d ZHOIs HEZE M
SE UL 4312 MCH =, 20219 Hematocrit, MCHC = S0 A |os HEI}
ECIAUXE AIEI|2 HCD BEAUS BRI, 3 MCV =2 AMEIIE HCD
(506 ~ 339 fI) HAUHAHE HOHS XS Charles River® 13~-22%F3 8D ratlil CHE
HCD (517 ~ 584 fl) BEFIUS HS2E SCIoU2H, 0l EELAELH0| 8= HE
ZEM HAMNEZSE B B3z BHSIATH

EESOZA 20, =3NS WEZ20 HIwWsHH |ost BE=s 2R 2%,
2R PIT E=S0UAM |ost 2401 2ELD/UTIEE AEI| 2 HCD HALHL] BHaIRL),
SO EH0| 8= HEE HAMEEE |Sd HIZE HEHSIACH

SEOMIISIEHBA 2 =AW AMHME Caloum SSUAH FoS BT HELAUXDE A
SJ|& HCD HeLHe BEsi) EFHSEH0| Sic BHalZ2 HAMEE2E |d B3z
EEHEISCH 2ZHAHE EZ20 HWaIH |8t el 2EE A 2AULL
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a

Role & Responsibilities

List

RM

Sponser

. Study Design

o

. Protocol Development

@)

. Feasibility Study (Site/Investigator)

0

. IRB Affairs

. Site Contract

. Investigator Meeting

. Document (TMF/ISF etc.)

VN DW=

. Site Initiation Visit

. Site Management

. Routine Monitoring Visit

. Safety Management

. Query Resolution

. Close-out Visit

. Archiving

. Data Management

. Statistical Analysis

. Clinical Study Report Writing

. Administration & Accounting

. Project Management

O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
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l. Project Management

1.1 Project Management

1.1.1 2Id| =5 EA|E Project 2o (2474 4)

1.1.2 A =7| & & CRC &2 (14798} (17|
1.1.3 Central Lab =] (14748)

1.2 Regular Meeting

1.2.1 H=AM T2 g9 (1)

1.2.2 A=A Ex 2|of(H-AL Al 3[9]) (1)

1.2.3 TA| 22 (28]

P ER 5o (13)

1 EbWFDSE‘EEO (1)

. Project Setup

Strategy for Design

R E A Al AL A S

'm

S I SN

Search for site & investigator & Cental |

oAl gl i F ek = AL oA g e (17]2H)
e A LHE S (17]2)
oi7| 2t Aoty L Ch Al (17]

Cental Lap A& 2! A<t

rotocol & CRF Development

A A

O = I e AR S

1B 241 7 &

SR E A

=7 E M (CRE) LIAFSI

e CRE A H e S

ED"H ;'_:-: C:L—l

I\)I\JI'\.)I\JI\.JI\JI\.JMI\JT\JI\.JI\JI\.JMI\.)I\JT\J
Gt GO GO 0O 0O QIS DIE QOEPIEPIEMIS MIS OIS — 8 — 8 —

a:'-«lc:n'cr'.r»m'm'—t‘u.n-bsiu'—‘w

ZE ,tudy material Al =f

III_ Flegu latory Affairs

3.1 IRB submission

3.1.1 =MolE MF H=/HE (1712

3.1.2 8 MF HE=HE (13) (17|12

3.1.3 #HE MF HE/AHE (1) (17]2)

31 4AMEHER BT (17]2H

3.1.5 TS0 /HA Mol /27EH T AlD| (1%) (17|24

IV_ Initiation Activities

41 AIHZ|E/CRC S (17|24

42 ClHEHEAE A F2 /2N {2=) (17|24

V_ Study Stage

5.1 BHL{E2 22 (1) (10=l) (17|12
Co—Monitoring by PM (=) (17|12

2 R4 Bu{E Sl

manthly report

R e A S0 0rce Documents Venfcation)

5.2

53 = g =

Hh4 2 =

h. 5 Stu (1%) (17|28
5.8 (18) (17]2H
5.7 (102} (1712
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Vl. Data Management
6.1 DMP

6.2 A~ 32| == T8 (EDC)
6.3 A~H HE 9 AH

6.4 Query/DCF management
6.5 Data QC

6.6 Medical Coding

6.7 4ol & FX|&2]
V. Statistical Analysis
1 SAP
7.2 HE 4 =4 (double)
3 =HEY 0w =Y
VIIl. Clinical Study Report
8.1 Table & Figure | =}
8.2 21 HlA AR
83 I-||:5|- I'_E 7&5
4 Subject listings
1X_ IRB submission of CSR
9.1 AlHEME O HE/IRB M & (17124
X. BA
101 ZHE2IE Cle{7t g5 oY
X|. Others
11.1 W-E8| /04| (123)
11.2 ZEMEEH| (2474 %)
11.37|EF L2 %
11.4 32 Hel & ufSH| (10=h

S (5714 B )

(Discount REE

O’J

g

[Rermarks |

1. 858 Iz
R 100
CANREA T E: 171
- A7) ZH 2470 F

2. foAE

- AT AL 2 2fH|(Z| A H] = AAH)= 2|2lA AE AS5HAL 28| 2 U
- SOE oj gt s wE AHEYR OIS, g AZM =Ho= QIR 42, EX 52 BAUL U E A% €29

x7b =7t #REU,

2 AN AN AY ATN LSAIETIZ, AT+, 80|20 S)0f T2 22k 4 dalth
3. A%M A Be
13 A%A Ug 2EH A9 83 8T

4. ARN2| gET|S
-2 ANMS| RETtte HELSRE 34 UCk
%Ml RB7I80| AL ZT JITEIS WSl UB + YBUTH,
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b 12
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#s 7| 24(m) e 23 ue

Contract for CRO SIHESANE CrRO HZ HZE

[ 8%

H=z€ s E2E
&t gl
Project Setup 1 A& CIAE

IR0 4

IRB Submission CIo|ACIAZ o ME

/Approval (Protocol) sHMEAE BL 2|12 AR

[ )

Initiation Activities 1 I EEAET

Lh

s52i12t ;6 NS
H#HII2E (8 F(2I13)
DLIEE
Closing : 1743

Study Stage 9

Data Management 1 Data validation, medical coding =

Statistical Analysis 1 sH=4 & 5/ 14

=
it

Clinical Study Report 1

IRB Submission (CSR) 1
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1. 728
sy Ug | Bess i
K A, SUER, SARY, ZHEDH & RO A%

o|27|2H|, ZHHIS, BYE BT U eCRF B BUY wa_g)m Ue 44

2. QHEHENE A= =

BRI, RELIME, 015YF AY

A il
| Au=y ;m%— I01| Euv& 954 2 NS BTN B
| AR | 9184 803 AHZ408, Iot240%)
NCEER P
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NE 712 | ep NETIZE 1270
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3. QMEBAY 014 £87|2
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2. S27|8 M (eCRF)
1) eCRF 9t B4
2) eCRF HE, %*E
3) eCRF Q144

) AERAEE A U AR

2) 2IHHEA|HIFY(TMR)
3) CIH|E A XA (ISF)
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1. AFRoM 4T

=7t dAEUd 2=y EE-E g2

HED ] 10K O O|0fA] or B4 Ho| A%

2. RYUZE A8

O (afAEf 1) #Immune #energy #nano H#nanotechnology #cancer #patient
#functionalfood &therapy #sportsman #pregnant

O (FO0f3Eh ArArE T HO|Z| 23 48

3. d7 i

O AZE 84
No. AZZEHT) g2=9 2018 = w24
1 Hoang Yén 156K 1,073 46 03078
2 Pham Nguyén Thign &n 9K 588 18 o3.07.05)
3 Mang Tuyin NguyEn 203K 2341 77 04.06.{2=)
4 Trin Quynh Giao 151K 3375 142 03102
5 Mpdi Mguyén 1154 4,300 157 03.09.(<)

B 724K 11,647 480

O QA A E)

e =2+ o4 Y3 LA Wrg= ik
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= SYMBEYL) y2aiFon i) oAy BHEAMES HoIE 2% 7|F). YRS BNy S24e100)
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ooeay FOIE 43007, S 1577
O URL hittpes/www facebock comy/story phpPstory fbid=2359974064 145 182 8id=10000077743
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3) Mong Tuyén Mguyen
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4) Trén Quinh Giao
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