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1. 67 Wi & 24

1) AA x| A9

A A3 (Biomarker)= ¥Fe] EAHA ARE QA WIS AT
AT GHA Utk gutzow Aol TRy e os waE
At DNA, RNA, A} b=, w59 wgts @ain, A4 #
Mz =9 7 B3 AQolN ds x7] s 55 5= A
o] EAGE e 59 il o] &= .
AA A= 19800l Aoz 8os)
dHA AR, tEA

Fll‘ rr

|
4 37'414 347‘4 AW e B, = X s8Al g
o)A WS AAHoZE FA4 Je B oE Zosta ok
T3 NIH 2l vl =9 4 (NCI, National Cancer Institute)e= AJA]
A3k Yol F ‘5/(characteristic) & &, 7]g} A9, 24 T B &=
AW FeHA o AAY 9ES #EE F e AESE EA S =2 s

Aelatar ek (NCI, 2017).

A 9 w718 5

2) AA Ax 27
WA ALE DGR AL 4D 5 Aok T} AR de) 387
7l A oldE e ek & o] Utk dg B Al Agkd] vzt
843 Solzololo} sja, AWwitt EASE AFEF(IDE PES & 9]
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of Wk S AH D 2R AT 5 dn AR A NAGH o
483;} % glofo @u} EF Al5d 54 Agel WYHE F9F A
o] FPsalo} ahn A& A4 15 4 olol Btk
3) AA AXS FF
(1) 54 2§50 B 27
2A0] wel g BRel AA ARE ol8¥ 4 don 5 wle
GAE e B2 088 5 AUtk A AL 54 2L S% BE ¥R

L

.

<% 1> 72t

==
I_I

v

E
=

28 AA| A|3E (screening biomarker)

<H I-1> §% % §T0 M= ¥H XE
3
]

AL AR PP
AR A TR

o} A}A7} oﬂuw

CEEC
% gl A AL 27)

o] %2 AYA| A3 (Prognostic biomarker)

499 FE YeiFE ohiEA Bage] A=

a3 A A& (Efficacy biomarker)

£ g Holer 5] sigd
ATH YA AR 54 ool digh vhg} vgkes FEE 4
(Stratification biomarker) U= A A5
o X5Y 8¥9E XUHHT & ‘Zl*‘i‘ A A%
2 Y2]3EAA} (surrogatebiomarker) 2= A2 4

om Aok A GAo Stz i A
e ASSE AIA 248 v Ad=77 H

mAYE A 3%
(Mechanism of action biomarker)

EPll| T oFee) avE ARstd 5 e AA

A%

=378 A A (Toxicity biomarker)

Eqokee] @ ¥4 $9E& Ut 15 3

ohd & gl v

1H3HA YA A)3E (Translation biomarker)

AQIE PINGoIN 27 AT 5 g
A Z, AYFES A FAT PP

= /‘(Exﬂ Z]J_,_

YA
Kol

¥ AYA| A3 (Disease biomarker) Agt §5 e QA AYE BoFs A AR
T2 AA A% (Staging biomarker) APFAM N 7} GAS FES 5 J= vl

A& AJA A|3E (Surrogate biomarker)

(Clinical end point* dAg 5 = "

3224 YA A3 (Target biomarker)

SFEEHY EAIE 2AT F Y v

(A8 A+

. 2013; Insight Pharma Reports. 2007 and 2009)
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o AY Fo ol §HE A
Jrlz ERF 4+ ok wAE 2 §E
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55
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rlo
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<H |-2> HAHH

Im
o>
qo
H'|
2
E
1]
o
>t
Ral
|:n
I'-I[[

il .
o % A A% HAE JY RS dSFdte 5o =S A
(Prognostic biomarker) gAl 59 A8 WEFS AHI}EE =S T v
oS A AR A4 ofzol ik gAe] We-S o5 e vHE 84
(Predictive biomarker) W 54 Aol S350 mE o] IS A ks
ofejst YA A% Aok 7ge} 7] @AlolA A 8 SA et Hul&
(Pharmacodynamic biomarker) | &= 7}sliok sh= 790l o] &&= v}A

4) WA AR &&
(1) AeF A
9 RS 2ol 54 wgt tekst A ARE o8 £ Jdon, HEY A
A AfEe A A5, #Y ¢ 27 Bak ojye}, 2ok A 9 g0}
(Personalized medicine)ol= dz] o] &= ok F2 leF Jid g (28 1]
T 8% AR Ex VI 95 T 52oE JpdEo] o]gEa Stk

Drug Discovery Drug Development Regulatory m

Discovery Preclinical Phase | Phase Il Phase Ill Phase IV
Market
Target validation istic proof of Share Less ADRs
Y
Mechanistic models i good Drug differentiation
| Drugs aimed at subpopulations I | Surrogate ints instead of traditi and Initiate New indications
with
| Improved decision making I Drug rescue due to sever toxicity regulatory
authorities
Increase risk benefit ratio

J Speeding drug development

I Reducing cost of drug development [

[O8 1-1] HePHE 2P T M XIES &

(AE: Amir-Aslani and Mangematin. 2010)




T =5
-2 =E7Ed ATA AFE BEse £EE AR AL
=7FH 21 3)(ACGIH, Association Advancing
Occupational and Environmental Health) 5 HEE o]&slo] U 2|2
2 A58 =FAK(BE] Biological exposure index)& AAA3le] o]g3tal 3

oh ORE oluE A AEES A, WY EE 9% 5o ARE AHsH]

offt
:{11
N
O
—_
-
[4 {
2
=)
Y
2
e
o
o
R
a
N
s
el

<H |-3> S& E ¥SU™ LEXNHY $M XH

E-Z A T
2 opiusg 22y 12| qzzaw T2 wg
<5 <5 71&
7 pUERobdd g | mEFRIEN | 15 %
pUEZZZ=WA | 89 | HEFRIZER | 15 %
9 JUEZRETA g9 | wEFEZFZH | 15 %
10 g goldd g | "EsRFZN | 15 %
12 | NNHreopEch= | 4w N-weolsEolr =] 30 | mg/g crea.’
13 gugdxEolr= 2 | N-HEXxEor= | 15 mg/L
. . HyZzaye E] stz 10 mg/L
;.%L - LLL-ERFR2AE) | 29 | Fadsldee | 30 ng/L
o 53 opdd T4 g | dEIRZZF | 15 %
fgdd=g& 3
62 5] o Eflwzad | 15 %
el EECRE: /
81 49 et W ol b 15 | g/g crea.
88 E74 el AR 25 | g/g crea.
ad | wpdsE | w0 | Y8
B | Elzz=zdgd crea.
s | etz |10 | Y8
crea.
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=4 . A& xZ
B 2 =3 X EU prd 11;]__0
= A5 249 e |EE29 Nz 9
9% HEZ 2 g En] Ok 5 mg/L
105 3 2Hn-32H En] 2,5-F 4] 5 mg/g crea.
11 |prdgobrzobzldll| dof | wEgrIEW | 15 %
Iz =g 5ol oA
Al =2 4] %
19 (oAt L) g | FHEAISRIEN | 35 %
WY n-FEA=E _
27 et 2,5-3 2k 2 5 .
(Uﬂ %.‘?_% 7_]] %) q mg/g crea
2W W eE 15 mg/L
orlg L
31 Wy 433 el Y
32 HE qEAE ] HedqgdAE 2 ng/L
33 HdolAREAE | AW | HEo|AREAE | 2 | mg/g crea.
il At 1 | mg/g crea.
il Al 7
S T R 5 | /L
WA(10 ppm 71F) | &W HE 50 | mg/g crea.
55 oA E 2 opA = 80 ng/L
2-O Ao k&
elga == -
60 Bo)g ogz, A 2-o| BA| A} 100 | mg/g crea.
ArEH)
=R 50 mg/L
74 olAxZ LTS ol =
] b En] M 50 mg/L
79 ZEel= AW |1-sto]|=g A ghol™l | 46 18/ L
84 FzzdA 2W | FEEEJEF | 150 | mg/g crea.
9% &= A o= 250 | mg/g crea.
AW | HEaERHE .
o | Anzzess | HaEE 1/ crea
g |fFgeEEEsEl 5 mg/L
36 A1 ppm 71F) | &¥ | SHUEHWIEMS 50 | ug/g crea.
Tl A+
48 2E A Aaze)e A 600 | mg/g crea.
AR | 76 o|F3tEka AR TTCA 5 | mg/g crea.
AW o-AY = 0.8 mg/L
8 | EFAC0 ppm 71E) [ 5o g=aq) 1| ey
95 HEz 2 g g | sz dsl 1 mg/dL
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s
53 A AZES gAsta =
o} (OECD, 2009). A} A7 Wl Gt AF oA Fh52A FUSAAE
o daF=E =59 A, W T 7]BAHEAHFHABALF, Broonchiol-
aleveolar lavage fluid)®] 45 &3l thddt vAE A8 Atk URE =

BAENAN F2 45 A AxSS <E 4> YERRiT,

<H I-4> L SYAB F2 ¥M X H

T =

e
1

=9
=

85 (Leucocyte, WBC)

W& 4 (WBC differential count)
A %(Hemoglobin, HGB)
EELE]EX] (Hematocrit, HCT)

< (Platelet count, PLT)
& (Reticulocyte count, RET)

< (Erythrocyte count, RBC)
T38| R=2Z %S (Mean corpuscular hemoglobin concentration, MCHC)
&84 (Mean corpuscular volume, MCV)
d3| Z= 2 X1 (Mean corpuscular hemoglobin, MCH)

Al ZH(Prothrombin time, PT)
EHET2"AITE (Activated partial thromboplastin time, APTT)
{|(Heinz body)
methaemoglobin

o, [ g | 2 | et | o | ofe

& | ol | o, | X | o
rO AL e

[N | et

Zirki

ek | o> l~>41_1;n&4

2
g

e |

i | o

1m_12i_13i4~—u_1

o2 | it | ek | et
T,

1rﬂr

(

o |z |

& (Glucose, GLU)

gl 8 44 (Blood urea nitrogen, BUN)
W (Total protein, TP)

F-91(Albumin, ALB)

%) ¢ o}E]d(Creatinine, CREA)

FZ# 28| E(Total cholesterol, TCHO)
2] (Total bilirubin, TBIL)

Z4 (Potassium, K)

Z+ (Calcium, Ca)

=

T[]

S | ofe | ek

gk
[ex

1—'0}"
| |




A 4x(Chloride, Cl)

£-7]Q](Inorganic phosphorus, IP)

UE F(Sodium, Na)

E =M gto] =(Triglyceride, TG)

of2uH| o] E o}u|=7] 0] &4 (Aspartate aminotransferase, AST)

dehd o}v|i= 7] o] E 4 (Alanine aminotransferase, ALT)

Total bile acid

U7}l 2~ 0}EbA|(Alkaline phosphatase, ALP)

GHR/ZFZEH H]E(Albumin/Globulin, A/G ratio)

Zdof| 2| 2}o}A| (Cholinesterase)

A A (Lipids)

% 23 (Hormones)

2t/ @7 1% (Acdi/base balance)

g o}el 7] Ho}A) (Creatine kinase)

E 2 ¥ (Troponins)

S 7k~ (Arterial blood gases)

B obeb 4§ Ax(Lactate dehydrogenase)

AEZHFYTA 8 4 (Sorbital dehydrogenase)

=5 EAE 4282 (Glutamate dehydrogenase)
7

M2 FEP E WA E] ThA| (Gamma glutamyl transpeptidase)

=
3’3 (Apperance)

5= #H(Volume)

= 4HF9H(Osmolality)

H]Z(Specific gravity)

pH

=T (Total protein)

kr

8 (Glucose)

A=A (Ketone)

-2 2] =7 (Urobilinogen)

1 2] 741(Bilirubin)

78 (Occult blood)

WS4 (Leucocyte, WBC)

N

N | d

7182 | 78 9834 (WBC differential count)
AHe | ZE(Total protein)

B

228 2 (Lactate dehydrogenase)
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IL A LY

ol

F8 QARAL ZIBHENREIE, 9B B ANST dE B 98
M AAN Y 2 ) Fo SRR V1% 2 29 slel=eiel FolA A
o e B4 92 $AS, A 2AE B9 98 8 2A4S gugn

2) 72 o) gHE B4 Az WS 2

3719 AL Gl F= olHE ARE 35 2 AR

e
rx
ol

3) B4 7153 AA A
AE7} 398 Fo APHoR AT & Ut AA ARS AP FYS
HATAHAA F9F9 FYSHYAN P Ame] AePck
3 AlS{ HiH]

- 21Ra o-

1) AE EF

=

A AR g A% FEAEAM AR ARE ST AEEde <

[-1>¢] Yepf St

<E II-1> A[g S22 57 X EY
A 23 £3-384 §4 AE 712
2 6-T]-Akzl Rl blel g g = B2p=k 200,
,6-T uX]' Fd-vhe}-=29 ‘EO 03236 4 (Acute)
2,6-Di-tert-butyl-p-cresol B 265 °C 2017.06
(CAS No. 128-37-0) HE4: 70 °C '




A =4 29384 54 Ag 77
vnl ey om A 60.09502
E11;0 ;OIE ) & 803kg/m? o}3/d (Subacute)
P e 97 °C 2017.05~06

. 71-23-
(GAS No. 71.259) g 126 °C

R RE EEE SR RE T
L O .

Polyhexamethylene B, 103 °C o} (Subchronic)
guanidine hydrochloride (PHMG-HCI) EE; ' 2017.05~08
(CAS No. 57028-96-3) H]5 1.089-1.098
EgEFE 2o g A 165.83
A= < mc_} ’ s 7Hd (Chronic)
Tetrachloroethylene 255 1.62g/cm D016.07~2017.07
(CAS No. 127-18-4) #e3: 1211 °C ) '

2) A=E o83 FASAAE
(D) 54 F4 4223

7 Alféﬁl 2 4ET 74

AR, Korea)% sol Tistaien, RS AlAVIRAE 4 T4 o
Sprague-Dawley(SD) N=E ’dEWO}OﬂE‘r A9, 3 2 A2V F
2] olatz ZAHEA A (W30 x 1500 x H200 mm)oll A A3, =EA
de BHlF=E FUAEE TR FE&stq Ald=Zd =AY AR 7
npdo] ZAME AFEEE 1 PALE (Teklad Certified Irradiated Global 18%
Protein Rodent Diet 2918C, ENVIGO RMS Inc, USA)E AHr H93sISTh

AES] AP FEUAN FAHAE ol FAsgk

=< A7} Al el RAE FAR AeesE A wolst
o APEEAA T =22 9 13 7k AAIB((F)AEAE S

75 = A
A7)ell /A sk HAAAGS ERISITE = v 2 TS <%
[I-2>0] FA8FH T
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D277 28 & BE AEFE A isoflurane SYULS o]&31 nlF
Az & AfESte] BdleHoA das AFHsta, suiAY 2 Eglsds A
ol WE XA & BEES AASIATE R4 Al ol Aol dEE el
ol tisiA= IAS AASHE T

(2) olgA FY S4HAR(@BY)
7hH ANEA R AdT 74
£ A 5-A|(SPF, Specific pathogen free) A=E TYE T E(Japan SLC

A2}, Korea)S ol Tuistlon, F53 AQ7|ZAR 3 59 o=
F344(Fisher 344) A=& dd)] ]_oﬂq_ A9 2 3 5
Z2) A EAS)AW310 x 1500 x H200 mm)olH AHSata =27)7be e 1v}e)
A 29 694 FA | A(W240 x L1200 x H200 mm)oll F=&38ke] AR&3hc), A}
T Avpdo]l 2AME AREES 1PALE(Teklad Certified Irradiated Global
18% Protein Rodent Diet 2918C, ENVIGO RMS Inc., US.A)E A+ 53t
o 2 Al HT|o Ao FedaAAE B AFETE A Fost

Ak =% FE U FTAL <EBo] EAISA,

<H II-3> o133 Mgz 748 % £E T

AFER A8 A T FX (ppm) A FET
Control 0 M/F 5/5
T1 100 M/F 5/5
o xey 4F F344 A=
T2 400 M/F 5/5
T3 1600 M/F 5/5
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2 FYAH] FFYh =F2 19 6AREL 89 B3 A

42 AW W 537] A7 928 AEFAAE ko] TkaazntE gy

Gas chromatography, TRACE1310, Thermo Scientific, USA), IR-GAS(IRGAS-LPA,

CIC Photonics, USA)E ©]-&-3t] AIRFR 13] o] SAZITE Al I A 2F7F

2 olgde] 3] Aoldor ARNe AT, tEe NPEo] X3
Fe PHT/NE TR, =ETY FAT BAL 4ADT AR
o

A
= 2 BN 3o maxE (2 11-3]9] Yebith

—_

u:

(Generation system) Sample production
equipment

Clean air production

— = | Aspirator [—] equivment I
4 F; Sample supplier

Temp . Humidity controller Concentration
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F344(Fisher 344) A=E Adsiqith. 49 2 37t &

Z A EZA O] A(W310 x L1500 x H200 mm)ollA A3t =Z&7|7telE 10k
A 298 64 HA o] A(W240 x L1200 x H200 mm)oll 483t ARS3c} 7+
pdo] ZAME AF5EE I PALE (Teklad Certified Irradiated Global 18%
Protein Rodent Diet 2918C, ENVIGO RMS Inc, US.A.)9} wlA|odx}7] o} #1<]
A FFEadAE FA4S AFEsE A 78t =F v 3 T4

2 <3t 15> A8

<H lI-5> O|g2kg Algz 78 X 5 T

AEER A8 A T FX (ppm) A TET

Control 0 M/F 10/10

Zo)s)abm gl o T1 013 M/F | 10/10

LT | o w=
Ud @ik T2 0.40 M/F 10/10
i 1.20 M/E | 10/10
W) =& ¥y

A|FEZS ultrasonic E}Y 9 H|2E TA7|E ARESte] A7) A EH
AEEH] 371847 (Aerosol dilution system, ADS)ZHE F7|E 333l
A sxo gHA A AW i FF3th dxee AdEde] THEEHA &
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Abnormal lesions(5¢H B H)

Pancreas(| %)

Adrenals(F-41)

Parathyroids(F-71/3)

Animal IDZRA| ¥ %) Pituitary(*d 3k5A)
Aorta(t &™) Prostate( H )
Bone marrow(Z5) Rectum(Z] %)

Brain(*]) Salivary glands, submandibular(2}3}41)
Cecum(37) Salivary glands, sublingual(433}4)
Colon(Z7) Salivary glands, parotid(®]3a}4d)

Duodenum(4 ] A7) Sciatic nerve(Z=417)
Epididymides(§-1.8}) Seminal vesicles(*3'd)
Esophagus(2] %) Skeletal muscle(Z2%)

Eyes(+) Skin(¥] )

Femur(t 5 &) Spinal cords(# <)
Harderian glands(3}t14) Spleen(¥17d)

Heart(4 ) Sternum(¥=)

lleum(3] ) Stifle joint(£¥4)

Jejunum(37g) Stomach(9])

Kidneys(417) Teeth(X]°})

Larynx($-7) Testes(18})

Liver(%t) Thymus($-4)
Lung(=) Thyroids(73/3-4)
tracheobrorl:cyhrir‘:lllj(h7 ]I;Ej?l Ad=z4 Tongue(%)
Lymph node, mesenteric(“g7}2H32) Trachea(7]3)
Mammary gland(fr4) Urinary bladder(*33)

Nasal cavity(H17) Uterus(A}-8)

Optic nerves(A417) Vagina(%)

Ovaries(‘d4r)




20 .. 2YU-E HESES 0183 AN XE A7

A|(SPF, Specific pathogen free) A=E FYE P EE(Japan SLC
A2}, Korea)S ol Twistlon, F53 AQ7I=AE 57 59 ©
Sprague-Dawley(SD) A=< 7\4910}“13} A9, 3 2 BT Sl =
g o]tz Ea@%ﬂlom(wmwm%x H200 mm)ol|A] AF53FlaL, =2A]0
= HFEE FUNEE FE #8358t Ald=Zo =AY Hdupde] =
AlE AREEE 1L o/\}E(Teklad Certified Irradiated Global 18% Protein
Rodent Diet 2918C, ENVIGO RMS Inc, US.A)$}t wlAaiztr)eh 2ol f-4=
AAAANE /G AFETE A 7ot =5 v % IS <&

[I-7>¢ FAI8F T

<H I-7> 23 AlEZY 7 R 8 T

ANEEA AdA T &= (ppm) e | FET
Gl 0 M/F 25/25
Q2 400 M/F 25/25

HEgZZ 2o g F344 Y=

=z

B
A B ol
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=
EFINE o §3tel Y AHEHGT NFRAY WY L =57
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<H lI-8> BMg Al 1% TF
13 z3
Abnormal lesions(£¢H W Ovaries(‘t4)
Adrenals(F-41) Pancreas(# )
Animal ID(7} A1 %) Parathyroids(¥-3}/34d)
Aorta(t &) Pituitary(*d 3t5A)
Bone marrow(Z<) Preputial glands(Z3]d)
Brain(*]) Prostate(%1 5 4)
Cecum("37) Rectum(2]7)
Clitoral glands(34)

Salivary glands, submandibular(¢}3a}4d)

Coagulating glands(-3-324)

Salivary glands, sublingual(’d3}4)
Colon(Z7) Salivary glands, parotid(®]a}d)
Duodenum(4 ©] A7) Sciatic nerves(F=417)
Epididymides(¥-3.8H Seminal vesicles('d)
Esophagus(2 =) Skeletal muscle(=Z4 )
Eyes(3+T) Skin(3] )
Femur(t) & &) Spinal cords(# )
Harderian glands(3}t]4) Spleen(¥17)
Heart(47) Sternum($¥-Z)
lleum(3] %) Stifle joint(£¥4)
Jejunum(3-) Stomach(%])
Kidneys(417) Teeth(%]°})
Lacrimal glands(*+4) Testes(3.3})
Larynx(3-) Thymus(#4)
Liver(%h) Thyroids(3}/4-4)
Lung(=) Tongue(s))
Lymph node,
tracheobroncykuallo(7 D71 BA Y ZA) Trachea(7]%)
Lymph node, mesenteric(%g72H 2Z4)
Mammary gland(41)

Urinary bladder(*3)

Uterus(Z}-&)

Nasal cavity(H17)

Optic nerves(A]417)

Vagina(%

2)
Zymbal glands(F&4)

f=a=1



3) 8 A g B4

(1) EZAN & €Y

(2) A sstA] AL
A sty Hals <3 4> AXEAE ARE T T8 F7|9 3dE
ARE Adste] FNAY8}HEA 7] (Toshiba 120FR Neo Chemistry analyzer,
Toshiba Co., Japan)E o|-&3l 7|&2 08 < 11-:9>¢] &l tisf st

<H II-9> LAY A0 BN Y=

Clinical Chemistry Parameters

ru&?*_

Z(Glucose, GLU)

2] F¥(Total bilirubin, TBIL)

ek

gl g A2 2 (Blood urea nitrogen, BUN)

Z-(Potassium, K)

ol
Z ¥ (Total protein, TP)

ofie

fﬁ

11 (Albumin, ALB)

=
=4
ZH+Calcium, Ca)
A

(Chloride, Cl)

A& o}l d(Creatinine, CREA)

=
ol

o

=]
5

7]8](Inorganic phosphorus, IP)

%3¢ 2HE(Total cholesterol, TCHO)

UE FSodium, Na)

Eg|2 2| Aleto] =(Triglyceride, TG)

¥ (globulin, GLO)

o2 TtE| o] E o}u] = 7] o] &4 (Aspartate aminotransferase, AST)

dehd obw]=7]7 0] &2 (Alanine aminotransferase, ALT)

UZepel E 2~ 9E}A| (Alkaline phosphatase, ALP)

A otel X2 ¥ 7] A (Creatine phosphokinase, CK)
Measured by using a Toshiba 120FR NEO chemistry analyzer (Toshiba Co., Japan)
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() A A= &4
Frjd 2 74 A|28(Luminex 200 system, LX200-XPON3.1)[2¥ 11-6]< ©]
3t €4 W AA AXE A5

[O8 11-6] AlE 24§ E217|7|(Luminex 200 system)

A8 g2 2 o] EAYLS ELISATY EAdA A8He &9
Eold AF WHSolu} DNA chip 240 2ol DNAY ARA A%
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<H [I-10> Alg &8 g AR

A3 “ N 74 | A¥d
. .
= k! = EAAE AN A | wEps
A= et
i";i 123 3
ez | %oTE 45,6 3
wEET 789 3
- ll:I: ™~y
24 Al e 10,11,12 3 "
A9 A 13,1415 3
- Zeo 16,17,18 3
I 19,20,21 3
AT 22,2324 3
oz 1,2,34,5 5
by | ATET 6,789 4
TR =
ZEEd 11,12,13,14,15 5
HE AEET 16,17,18,19,20 5 y
gk e 21,2223,25 4
o1y | ATET 26,27,28,29,30 5
R 31,33,34,35 4
NEE 36,37,38,39 4
=z
s X?i:j; 1-8 8
e o 11-18 8
olvhg TEET 21-28 8 "
A9 ST 41-48 8
IR | AFEE 5158 8
ZEo 61-68 8
=+
FA| o 1001,1002,1003,1004,1005,1006,1007 7
THA o 1101,1102,1103,1105,1106,1107,1108 7 -
A% Bz 2001,2002,2003,2004,2005,2006,2007 7
TR eea 2101,2102,2103,2105,2106,2107,2108 7
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(4) S4E& AA AR =7

Luminex AE0 2 A|FE+= PanelS ©|&3sl] thkst AA AEE X5
25T, 248 AR ALY SR ZPEE <EI1>F 2o
<H II-11> 24 8N X7 FTE * =
Panel & 77 oF o
Interleukin-1 beta IL-1B
Interleukin-10 IL-10
1 Interleukin-18 IL-18
Interleukin-2 IL-2
Interleukin-6 IL-6
Vascular endothelial growth factor VEGF
2 Von Willebrand factor vWF

(5) Panel 19 ¥4

7h A& £4& Magnetic Luminex Assay kit (LXSARM, R&D system
Inc., USA)E o]&3th

) Al 2

S "8y AR 75 ULE 4L

- Wash Buffer : 20 mLe] FF4S SF50l _J/stﬂ 500 mLE "S-t}
[

[S) =
- Standard : F5HE BA A3 o] &) [1H [-8]7 o] FAF Tk

100 pL 100 pL 100 L 100 pL 100 pL

soopLstd. || | — _— —_— -

‘ —
CeBBENT

Standard Cocktail Standard 1 Standard 2 Standard3 Standard4  Standard5  Standard 6

[Od= 11-8] HESEQ| 3| PAT (Penel 1)



Microparticle cocktail : 1000 xg& 30%7F A4lEe] £ 3|45 o]&sf 10
o &4

Biotin antibody cocktail : 1000 xgZ 30%7F AAEE] F 32X dS o] &3
108 343t

Streptavidin-PE : 1000 xg& 30%7F A4%E] & 594 220 pLs Wash
buffer 535 mLo| 3]4sto] FR|ATE A4 F ol =EHA| F=5 skt

o 71718 va3 2ol 2R .

S85= 4 24 =20 ta vA 92 99 €8S A

- 50 events/beadZ A4

Flow rate : 60 ul/min

AE : 50ul

Doublet discriminator+= 8000/165002.2 A%
MFI(Median Fluorescence Intensity)S #&3lTh.

2h) oo A w2k Alde AP
=4 AR R Aleke 8l
microparticle cocktail:s 417131 50 ulL® wellell ¥
Standard == 3|4 E #4 AEE wello] B3 2A17EF A4 RES

A

- Wash bufferS o]83la] wellS 23] A3t}

8] A% Biotin antibody cocktailS 50 uL® welldl] ¥ A4 1A7Hs
oF WHS-AIFTH

- =

- Wash bufferS o]83la] wellS 23] A3t}

329 Streptavidin-PEZ 50ul® wellol] 21 220l 3087+ w-3-A]Z ),

- Wash bufferS o]83la] wellS 23] A A3t}

- Wash bufferg 100 uL 23l microparticles A FFA1Z1 $ 2387F wHkgiIch



- 71718 o163 0% oW 24€ 7171%e 7153

nh) 2ol £4
- Y99 ol s 5-gebuE 248 A3 Standarde] Bla
e AT

mlm
:c?g
off
b

(6) Panel 29] 4

7h A& ¥4 Milliplex MAP (RV2MAG-26K, Millipore, USA)E
|83t

) Al E£H|
- 8H AR FgA S o83l 80 AT
- Wash Buffer : %88 /5ol 108] 43
- Standard : A HE o] &sf [18 197 o] I

N e N N e

100 pL 100 pL 100 pL 100 pL

| Stock | | 200 pL | | 200 pL | | 200 pL | | 200 pL | | 200 pL | | 200 pL |
Ny Ly Ly L
Reconstituted Standard 6 Standard 5 Standard 4 Standard 3 Standard 2 Standard 1

Standard 7

[O8 11-9] HESE| 3| AT (Panel 2)

- Antibody-immobilized bead : 30327t 253
Atk YA 150 uL9} Assay buffers ©]-83l % 3mLe] 3|4

il
N
s
ol
ol
=
—_
M
o

h 71718 v&3 2ol 23,

FH= 24 24 =20 Wl vA A2 99 €= Askaitk

B\



30 .. S=F HESEE 0|8 YNISE Xz AdF

50 events/beadZ 24

AET 1 100ul

Gate setting : 8,000/15,000

MFI(Median Fluorescence Intensity)E g3t

Zh) oo Al ot AEE Y[ H I-10]

Remove well

> contents and
Add 200 uL Assay wash 3X with 200

Buffer per well HL Wash Buffer

Add 50 pL Detection

Shake 10 min, RT Antibodies per well
Decant
Incubate 1
- Add 25 pL @ hour at RT

Standard or Control

to appropriate wells Add 50 pL Streptavidin-
« Add 25 pL Assay Phycoerythrin per well
Buffer to background
and sample wells Incubate for 30
- Add 25 plL Assay minutes at RT
Buffer to background, Remove well
standards, and contents and
control wells wash 3X with 200
- Add 25 plL diluted HL Wash Buffer
Samples to sample
wells Add 150 pL Sheath Fluid
« Add 25 pL Beads to or Drive Fluid per well
each well
Read on Luminex® (100
l l LnocSrbsa;:f 21_%-,15 — UL, 50 beads per bead set)

[Od& 11-10] Panel 22| &&APy TAT

9) vt =AY AL

(1) =49 44 (Trimming) R X7 (Embedding)
2749 142 10% TAHAZ=TE S4S o] &3ATh
FAEAAATAE ] EFAUAF(SOP, Standard operating procedure) ]

H
et " 248 Ags THHEC ¥a Ay dART



I g3 e 3 8 .. 31

th 14 E 23L& 325 & 6AIZ ol FAlst] S A AT
2}) Z217d*12])7)(Tissue processor, Leica, Germany)E ©]&, ©<«(Dehydration)-*™

(Clearing)- 7} A% % (Praffin infiltraton) < A% 3wl|7|(Tissue embedding

center, Leica, Germany) & 0183 49 =7le] sfeel 252 wsgink

(2) gt &9 ubd
7h v A¥E 7] (Tissue microtome, Leica, Germany)E ©]&3 3 ~4 pm 9
FAZ GHAESS gHA Zebdlnh
W e seaze Feszd B T felstolmd &¥ Azt

(3) £F<&gol=9 A
7h A& 9854 7] (Automatic stainer, DAKO, Denmark)E ©]-83 o2}
2 Axad IE d3vd A24e 9 fAssel=s A4
Aol AE-F Hematoxylin, Eosin 2 &A= A5 EAE-Y7] H&L
2 AIREE AlkS AMESETh (Dako  hematoxylin, CS700; Dako

Eosin, CS701; Dako mounting medium, CS703; DAKO, Denmark)

_____

[2 1-11] fMargel =i paE
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1) A7 8 F8 54 714 9 B4 AR

714
7h # 549 71A

o
H

1 =

o AZE

it e

&

_g]

|

2o]

X
)

]!
3H

$HAcute lung injury, ALL; Acute respiratory

distress sysndrome, ARDS), THJ Z3HChronic obstructive pulmonary disease,

o] &HAY FEHAllergic disease)

=
[€)

)

B2(As

=i
=

COPD)

2A Ut
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oj
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o] B~y 4=A wi/NAF AF

AYA
X

X, 5 A
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Pneumonia Aspiration Sepsis Trauma

Endothelium
’. °
) . - - _ Interstitium
Flbrosm Coagl‘"at'on Type I cell Alveolus
Inflammatlon
% ‘ ‘ Macrophage ‘ Neutrophil

Potential E-Selectin PCP Il PAI-1 SP-B IL-8

Markers Angiopoietin 2 Protein C SP-D IL-6
ICAM-1 Clara cell 16 HMGB1
VWF RAGE TNFR-1

[O8 W-1] S H &YA HELY DA %80k SNl XIH

(A+E: Barnett et al., 2011)

T HAe g oz TN HA}COPD)E E F o, H7HY
Al 37] BE9 AFE 5oz 3k Azte] Aol e} o]HF F7) BE
of Ak A F3o] Hu faF vlAl EAF L ks Toll Uid Hef WA
Al dFA WS FEIT AN RS 2 879 FFE FA
of We Agoz JH9 v AF o AEFR] T GFE W}
z2o £47 8L uEs) 1B ) Hae Hoiie 2 5FIAY 27
A HAE st 4% e MY Fod 94hE FT L AEEA T-F
=R Bulshe AllRFRRI6 wE FrpHoR dSAEE Boq, AAFew

Ao £48 FE3s7]= 3t} (Abramson et al., 20014). THJ | )4 #| 2 ghol)
A F2 Agske Aol ETRRIY FRe) 71AS [2¥ M-2]ol YERIATH



Cigarette smoke
Pollutants Macrophage

Oxidati'rve stress s Neutrophi elastase  Neutrophil

'\‘:__ Bactena \ @ /\

TNFe, IL1B IL-8, GRO-a. TNFa

Viruses? - g [__fJ/ _ /|:_j]/ /
Epithelium é \ ‘ &y \ ‘
Fibrogenic cytokines
e,g.TGF-(a’} EGF \
CD8+ Tcell Netrophi @ —+ Fibroblast '.
" e —
Eotaxin | IL-6, ||.a MCP1 \ iferati

proliferation, l

RANTES, \ /‘ ) Proteases ~ Mucin genes
S T Oxidants )
RANTES ? Eosinophil - —'f = RS Defensins| @,TNP
- IL-8, LTB,
T Q: " Vascular endothelium N Tissue damage

Remodelling
Mucus hypersecretion

[O8 m-2] SFESHIM-SHEZS F2 AO|EF (10 H2Y
(A+&: Chung, 2001)

dH ARG AL %‘%‘Pﬁyii AA EZS AYelA JdsH 7=
(Sensitization)o] A|ZHET:. =F o]F 7|#A| A AlE7F A =25 AR
Th2 HIWkg-o] f 2% }0157}01‘:0 o FHlET (Moro et al, 2010).
718A Au A Al =2 AEHQ] kEo] A BF o3 ves F

XA AL E7IRIS] FA%E S 7KBarnes, 2008), B ©Z 79 W3}, 7]#A U
HS AEZY F7I2 o] Ft}t (Deckers et al, 2013). HITHA|Z o] &x}glo] 9|3k
3 2E AREY So] wEa) i*E}la‘rﬂ 9 FIEA A 71,
Aol STl olal 71EA HHlnks B 71EAY 259

and Busse, 2005). A o] P%QL SE71Y #HIEEE T
(Airway remodelling)©] 3101‘/} A<= AsHAZI T (Boxall et al., 2006). 4}\]4
A4 ¥ wAE 2ATE (18 [1-3]d JeRoh
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\ l’a
e w5
Q Allergen %

PRR o ¢ @

Q Allergen

I |‘

IL-1
secretion Sensitized airway epithelial cell

Th2 cells

Th cells
ILC2 bc =
ILC2 cell IgE class Macrophages
cell switching
/ oell

+PIL-5
:g “:? Accumulation of inflammatory cells

(A& Sim and Lee, 2016)

Wb A AR
s Age MAEH YO A/ SAANERF WA L ARSAEE A
AR FE G BYol Mg IRA A AER ol§HI ok wF A

g2 ARE B AA ARY A= JPH jlon FEdshe FAlolth 1
Hu dHs B YA AR A7 Mg st F31Ha jlen 4% *é
F2Y (Fibrinogen)2 W=+ FDACA 20159 wHd 3w A ghe] ofs}, e %

g 3 AMES AV e A ARE sty 4 2e EF H %‘—3

A AEE <F M-1>9 Ve ok



<E lI-1> N2 =X & F2 4N XE

Fo A% Kl 8 B4
Inflammatory cytokines :
IL-2, IL-6, IL-8, 1-10, IL-1ra Park et al.,, 2001
TNEF-a, Soluble TNF recoptor 1/2 Takala et al., 2002
High mobility box-1 (HMGB1) Cohen et al., 2009
Receptor for Advanced Glycation- Fremont et al., 2010
End Products (RAGE)
Selectins Langer and Chavakis, 2009
(Endothelial/ Leucocyte/ Platelets) Newman et al.,, 1993
Intercellular adhesion molecules(ICAM) Fiedler and Augustin, 2006
A H& von Willebrand factor (vWE) Franchini and Lippi, 2006
(ALI) Angioipoietin-2 van Meurs et al., 2009

Vascular endothelial growth factor (VEGEF)

Medford and Millar, 2006

Surfactant proteins (A, B, C and D)

Chroneos et al., 2010

Clara cell protein (CC16)

Kropski et al., 2009

Laminin-5

Katayama et al., 2010

Intercellular adhesion molecule-1 (ICAM-1)

Calfee et al., 2009

Plasminogen activator inhibitor-1 (PAI-1)

Prabhakaran et al., 2003

Procollagen peptide III (PCP III)

Fremont et al., 2010

Lipopolysaccharide binding protein (LBP)

Dentener et al., 2000

Fibrinogen

Hurst et al., 2010

C-reactive protein (CRP)

Kaptoge et al.,, 2010

Serum amyloid protein (SAA)

Kaptoge et al., 2010

Receptor for advanced glycation- end
product (RAGE)
Advanced glycation end product (AGE)

Ware et al., 2013

Surfactant protein D (SP-D)

Hartl and Griese, 2006

Clara cell 16 (CC-16)

Lomas et al., 2008

I

Pulmonary and activation regulated
chemokine (PARC, CCL-18)

Lock-Johansson et al., 2014

(COPD)

IL-1, 1.4, IL-5, IL-6, IL-8, IL-10, IL-13, IL-18

Robinson et al.,, 1992

Tumour necrosis factor alpha (TNF-a,)
Growth-related oncogene(GRO)-a
Epithelial-derived neutrophil Activator-78
(ENA-78,)

Celli et al., 2012
Khair et al.,, 1994
Walz et al., 1987
Morrison et al., 1998

Regulated on activation, normal T-cell
expressed and secreted (RANTES)
Monocyte chemotactic protein-4 (MCP-4)
Granulocyte colony-stimulating factor

Kelner et al., 1994
Lord et al., 1989

de Haas et al., 1994
Khwaja et al., 1992
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F8 28 ¥ = ad 28
(G-CSF)
Granulocyte-macrophage colony-stimulating
factor (GM-CSF)
Monocyte chemotactic protein-1 (MCP-1) Kelner et al. 1994
Macrophage inflammatory protein 1o Masubuchi (;t Al 1998
(MIP-10) ’
IL-16(CD4+), MIP-1a (CD8*), Kelner et al., 1994
Stimulated T-cell chemoattractant protein Andrew et (;1 1998
(STCP-1) i
Interferon gamma (IFN-y) Kumar et al., 2006
Cytokines (Growth factors) :
Transforming growth factor-f (TGF-B) Il?lrjiz\’;s’(eetr a?t 2119’921 o0
Platelet-derived growth factor (PDGF) Vienola et.’al 1997
Epidermal growth factor (EGF) Taf; ama et .’al 1999
Insulin-like growth factor (IGF) Y N
Serum Immunoglobulin E (IgE) Simpson et al., 2005
Eosinophils (Peripheral blood/Sputum) E;:Sﬂzi zlt ai.é9§003
Periostin Woodruff et al.,, 2007
Human chitinase-3 like protein 1 (YKL-40) | Konradsen et al., 2013
Barczyk et al., 2006
Stirling et al., 2001
IL4, IL5, IL9, IL-12, 1L-13, IL-17, IL-18, \T/\?ﬂd}f“ etzgé;’l 2003
IL-25, IFN-y HisRarp,
Dragon et al., 2007
Dinarello, 2007
2 Fort et al., 2001
(Asthma) Ihjg Rosenwasser, 1998
TNF-a Kips et al., 1993

Thymic stromal lymphopoietin (TSLP)

Allakhverdi et al., 2007

Epidermal growth factor (EGF)
GM-CSF
Nerve growth factor (NGF)
Stem cell factor (SCF)
TGEF-
Vascular endothelial growth factor (VEGEF)

Takeyama et al., 2001
Gajewska et al., 2003
Nassenstein et al., 2006
Reber et al., 2006
Minshall et al., 1997
Feltis et al., 2006

Eotaxin-2 and 3

Ravensberg et al., 2005

IL-10

Hawrylowicz, 2005

(A& : Barnett, 2011; Chung, 2001; Sim and Lee, 2016)
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NH=3E AA TAE AAY &3 FEAEY 49 T/ MFE U
ofXth. olHgt &A= FHSH 54L& vy gt T F7HA MFTH
TE =40 FEHE S(Hardisty and Brix 2005). 2 ¢&3l =549

9 5
AE-2 cytochrome P45 ot k=9 374 2, AWHAEe] B-oxidation®l]
AHd WEZE=golY] 7T Wsh &4 kA g diHMHEEY A4, &% 9id
of Wigl, AX W mAAERFY W3l Zg o] Y A W, H2Ty &
dstel ME.E8l, dAME FAF Fol LA AUTHLee 2003).

W AA AR
dutzo g A Q= oF=ol o3 It EF AA Afe Ldehdobvi=r|d
O|EA(ALT)S} ofiutehtobn| 7o) A (AST)olth 2y So]4 33t RIZHo]
=7] ar, A e Hidte] duAle] "ol drle] 7] wiell theket
A7AEl F88H AEE T e It Sold A AxES FMstaL IAH &
9](International Harmonizaton of Clinical Pathology Testing, IHCIP)E A* t
=9 <3 M-2>¢F 22 A ARES AL A (Boone et al., 2005).

<HE lI-2> Zt S0|X X X2 FF (HCPT JIF)

Category Tests
Alanine aminotransferase (ALT)
Aspartate aminotransferase (AST)
Hepatocellular tests Sorbitol dehydrogenase (SDH)
Glutamate dehydrogenase (GLDH)
Total bile acid

Alkaline phosphatase (ALP)
Gamma glutamyl transferase (GGT)
Hepatobiliary test 5-nucleotidase(5’-NT)

Total bilirubin

Total bile acids




. A2 At ... 39

3 9lo] A AR tEo] AEA T SR A Axse] 3L
Utk 42+ ALT, ALP, GGI, GLDH, SDH, LDH, Urea cycle
enzymes(Ornithine carbamoyl transferase, OCI and arginase), 5-NIT, Leucine
Aminopeptidase(LAP), Alpha-glutathione S-transferase (Alpha-GST), cholinesterase
9 paraoxanase 5°| ¥HA Utk AL T F FAZEHE FA A7t
As W F8 AR o)8E F JoH, THRET cholesterol, low density and
very low density lipoprotein(LDL and VLDL) % Liver fatty acid binding
protein (L-FABP)G°] ¥&HA Qth. 7|Et EFE Taurine ¥ Creatine, &% U]
Glutathione, 2% W Microsonal P450 5°| Utk FHZ W75 e =AY

Sold A AEES <IHM-3>0] sk

<E 1-3> 20| HEX 4N X|IES FEet 5
W <l z 5 7l & #4 538
ALP TEARY GiA 59 Rutgers et al., 1995
GGT &gl N7k Evans 1986
ALT A3 S0 vz
SDH =07 Amacher et al.,, 1998
Enzyme
DH AE SAd wgshg 7 1980
st 47]9 Ave smmerman.
Cholinest - N -
nesTerases g4 &5 At Ferre et al., 2002
Paraoxanase
L-EABD ua o4 Glatz and van der Vusse.
Lipids 19%
LDL, VLDL FY2HE T4 371 Evans. 2009
Taurine il Sy A Maxuitenko et al. 1997
Others perturbation of cysteine
Creatine and glutahione Clayton et al., 2003
metabolism
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W <l z 5 7l & 74 58
%4 Y microsomes
Cytochrone P450 0] &3t Bl o g 719 Amacher et al., 2001
RSP
Procoll m P53t ntAR
rocotagen uvﬁ}J_ }j Ding et al., 2001
YKL-40 AW A s =olA -
. . _ Mardini and Record 2005
Hyaluronic acid A8k
Lipid peroxides aldehydes Oxidative
Malondialdehyde phosphorylation % Otsyula et al. 2003
4-hydroxynonenal redox¢} A, Berdanier 2005
isoprostane [ EZEg o] 7)Eold
i 7o U= A 2
Ketone body ratio 9] o ﬂ_ | A4 4 Laun et al, 2001
(acetoacetate/3-hydroxybuty | <=4 ¥s}e] w171, Matsumoto et al. 2005
rate) AE=Zy Ad v

(A& : Evans, 2009)

Q) H=714

=

A 54 S Ak A AE QA =4, 7153 ol 53] Al
23 7s o, W HiE ol B Hajd Bdd ToE 7HEE F e
o, A 7150 FAEFE AR e b & IS A "ok A2 )
A g oR 529 = Fa% ddS s U] €7 359 w5 Vs
o2 Qs Ao =4 EA(TAL A T3l =52 93] & A7IF shvt
o] tiTarloff and Lash 2004).

T
ox
2
N
E
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<H lI-4> &% S0I1X ¥H X|H FTF

Category Tests
Creatinine

Blod urea nitrogen(BUN)

Abnormal color and appearance, Volume

Relative concentration/density (osmolality or specific gravity)

Blood

Urinalysis -
Protein, Glucose, Blood, pH

Microscopy of urine sediment

T, 99 HAE oo 4o HEHE &4 % wUAE AP4ow &
g ARE olg B Atk 7 Aavitk 4% 23 W L AZ ) ZAAN

b har) del 91X %4 gAe] shssth @R A 29

T4 g o QA xS s <3t 5> AAISHA T

=5

<H lI-5> &y MY 50| YN XHY FF

z 2 BE 3 2 #4 &3
AEA W
(Cytosolic enzyme) Lactate dehydrogenase (LDH) Raab 1998
=9 A= & . . .
A A d Alanine aminopeptidase (AAP) Taracha et al., 2004
7P : ,
(Proximal tubular Leucine arylamidase Usuda et al., 1999
brush border y-lutamyl transferase (GGT) Dote et al., 2000
ar o-glutatione S-transferase (YaYc GST)| Walshe et al., 2009
enzyme)
49 A=
(Distal tubular |T-glutathione S-transferase (Ybl, GST) Shu et al., 2016
enzyme)
SpE
- N-acetyl-beta-glucosaminidase (NAG) | Stonard et al., 1987
Lysosomal enzyme

Renal papillary antigen 1 (RPA-1)

Kidney injury molecule 1 (Kim-1) Han et al., 2002
o Clusterin Eti et al., 1993
Neutrophil gelatinase- associated Devarajan. 2008

lipocalin (NGal)

(A& : Evans, 2009)
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2) AA AE B4 AEHE Fo A2d FF 2 B9

(1) =24 HA (Tissue)
DNAE Z33H A £4o F&35 A52 F44 HAKChromosomal
test), FAAF ZAAKGene test) & FH3}7]dl Lol L] MEgow 4
& 7hsshd U g71e] 2Zlo] a3 A4 HIHGH S I gle

o] Atk

(2) @9 (Blood)
Vg nEAeR AgHE ARE 9 AAE A4Sl 8% 2 8%
4,

229 FH F2 ol§HT el AolEslel Fo v

sl el 2 g SR + 9= Pl dok 2 54 =5 A4
M) AWAL FEh WA Uk 5 glom, B9 S1 3ge] And 47
ASe A0 ol del sl 54 EE PS4 e Fhoe

FTYDNA (Circuling tumor DNA, CIDNA) Ev T3HEEAHE
tumor cell, CTCQ)7} o]&%7|= 3ok 3k A uwjihdE
vesicle) % AAF(Exosome)= A AFEEA AFHIL Jot tFEe F

Azo A BlEE, tALESEY] 7 GAE AH Wdo] 7hed ALZ oAA
I JARE AR AFH L SAH o] GolskA] erob FTHAS AT dasith

M A=
= 0
g g
¥ A
g ¢
e £
—_ D
= g
s O
R B

T

(3) 718} A|A (Other body fluids)

35, 7147%1%&1%4%, $% 5o
W d

>
o
it
4>
%0
g
HU
>
o
1
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(Time of flight mass spectrometry, TOF-MS)E %%t
o A9AE <3 M-6>o JeRfSich

A gEe) ARG olgHE DA AR
=

<H lI-6> ¥H X|HES EME Aot A FF X ¥ - 2

f]?zfd}; Advantages Limitations Recommendations
(i) established sample (i) presence of various (i) use standardized
banks often products derived ) collection protoco!,
composed of serum . (ii) keep sample during
aliquots (retrospective from coagulation lhour at RT to
stucitlies) P cascade, allow clottin:
(ii) rotein,s and (if) biomarker with poor rocess befo;ge
Serum pe tides that stability during Eentrifu ation,
’}’)"slljjrvive”” to the coagulation process (iif) reserv% on ice
clotting procedure gﬂle?gnbe detected Sfter clotting.
exhibit a stability (ili) possible influence Ahqgohng_and
that can be . freezing (—.800.C)
exploited in routine Scf)athela(‘iil;iaseroocrelss cannot be done
clinical applications. Ch p ‘ immediately.
(i) use standardized
(i) more apidl collection protocol,
processe}gl tl*}llan (ii) carefully choose the
serum (interesting for (i) interference with type of
emergency diagnosis) chip surface (i.e. anticoagulants(EDTA
(i) lar egr ﬁr?al VO% me ’ heparin tube), tubes are preferable),
of %lui d after (ii) sample dilution in (iif) use platelet-poor
Plasma processing than with Cltratg tul?e, . plasma, .
(iif) possible interference | (iv) centrifuge, aliquot
., Serumy of EDTA with and freeze
(iii) more stable than i bindi 800 .C
serum due to the protein binding on (—800.C) as soon
inhibition of IMAC surface, as possible. If not
coagulation cascade possible, keep at RT
&1 ' to avoid cold
platelet activation.
(i) medical staff not (i) keep dry specimens
needed for collection, . . b fry p_
Dry | (ii) low blood volume (i) elution step to at RT for 3 --4
blood necessa recover sample from hours in horizontal
(iii) eas stroyl;a o and filter paper position,
tralz]sport & (ii) store at —.200.C.
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Body s ]
fluids Advantages Limitations Recommendations
(i) low volume
(i) collrl}escetgzlé of (i) always collect with
proteases and Y the same method
. d . . P " il (stimulated or not)
(i) easy and noninvasive unspecific materials and at the same
. sampling, such as food
Saliva .. . . moment of the day,
(ii) medical staff not residues or . X
. . . (ii) centrifuge to remove
needed for collection microorganisms, insoluble material
(iii) level of certain I f !
plasma_ proteins are aliquot and freeze at
—800
not reflected in 800.C.
saliva.
(i) easy and noninvasive (i) fluctuation of protein 0 ngﬁei?gf arlcrl(;fsgol
Coll}éction concentration (ii) concentrat}; the ’
(ii) medical staff not overtime and samples
Usi ded f according to renal P fuce. ali
rine nelei ed for integrity, (iii) cer;ltrf uge, aliquot
i) oblained in large | (@) Presence of salts A
8 and proteins in low . B .
volume. concentration (iv) normalization with
’ creatinine content.

(A+8: Bock et al., 2010)

26t TE &S |
o] &8l(=&%%: 005 05 1, 2 mg/L
ol tisl #4939 23E [2F HI4]=2

Has) F9
L
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2,6-di-tert-butyl-p-cresol

2_6-di-tert-butyl-p-cresol

800 70
700 60
= 600 =30
£ £ 40
Ean E°
g 300 50
= 200 =20
100 10
[ [
005 05 1 2 005 035 1 2 003 035 1 0.05 03 1 2
Male Female Male Female
2,6-di-tert-butyl-p-cresol 2,6-di-tert-butyl-p-cresol
100 60
20 50
] 50 3 40
& LEY
= 40 =
= 320
20 10
[ [
005 03 1 2 005 03 1 2 003 035 1 005 03 1 2
Male Female Male Female
2,6-di-tert-butyl-p-cresol 2,6-di-tert-butyl-p-cresol
100 1,000
80 200
£ 60 E s0
E E
o 40 A 700
B 20 600
Q 500
005 035 1 2 005 05 1 2 005 03 1 005 035 1 2
Male Female Male Female
. BHA 3 o
2,6-di-tert-butyl-p-cresol 4 3= @9
50 IL-1P pg/mL
w0 IL-18 pg/mL
E 30 -
e IL-2 pg/mL
S 20 IL-6 pg/mL
10 IL-10 pg/mL
L
005 05 1 2 005 05 1 2 VEGP pg/mL
Male Female VWF ng / mL

[J& m-4] 2,6-C-&%x}-2=

-L2-3JHES

oI Tt T BUAIHC
SE ©A AR Ul N XIE =4



= 2 % olFA(289) &Y =EAX U5 P34 AE=E o]E3
(==F%: 0, 100, 400, 1600 ppm) A N7 F HS Tl A3

2| = =
T3 A AFSC sl £ 2AE <& [O-7> 4 [2¥ 152

<H l-7> L2 EE o= 0|.8.U|- o|=I6I nowm uaomgm.ol-yl S 2

Male
Parameters Control T1 T2 T3
(0 ppm) (100 ppm) (400 ppm) (1600 ppm)

CA(mg/dL) 96 + 03 95 =+ 02 94 + 02 94 + 03
IP(mg/dL) 73 + 07 69 =+ 07 66 = 0.9 6.7 + 11
ALP(IU/L) 7367 * 346 6799 * 346 6200 + 389* 7269 + 838
ALTGPT)(IU/L) 352 + 22 373 + 22 366 + 15 365 =+ 16
ASTGOT)(IU/L) 776 + 76 772 + 76 797 + 41  8l4 <+ 91
TG(mg/dL) 564 + 144 710 + 217 553 £ 103 665 + 262
TCHO(mg/dL) 5998 + 16 786 + 118 753 + 10.1* 696 = 112
TBIL(mg/dL) 016 + 002 016 = 002 015 £ 001 015 <+ 0.01
GLU(mg/dL) 1376 £ 60 1399 + 144 1271 + 118 1357 + 82
CREA(mg/dL) 038 + 003 038 + 002 040 =+ 0.03 039 = 001
BUN(mg/dL) 203 + 26 203 £ 15 201 + 16 210 = 26
ALB(g/dL) 41 = 00 40 == 01 41 = 0.1 41 + 01
TP(g/dL) 57 £ 00 56 £ 01 57 £ 0.3 5.8 £+ 01
Cl(mmol/L) 979 + 06 1000 = 11 1006 =+  14* 1012 + 0.8
K(mmol/L) 416 + 069 464 + 025 461 + 025 474 + 018
Na(mmol/L) 1405 = 40 1462 + 12 1470 = 1.0* 1467 + 04*
CK(U/L) 3258 + 1126 2992 + 1510 3376 + 1041 3669 =+ 1752
GLO(g/dL) 16 + 00 16 + 01 16 =+ 02 17 + 01
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Female
Parameters Control Tl T2 T3
(O ppm) (100 ppm) (400 ppm) (1600 ppm)
CA(mg/dL) 92 + 02 93 + 03 9.1 + 01 94 £ 06
IP(mg/dL) 69 = 02 71 £ 06 6.7 * 0.4 75 £+ 12
ALP(IU/L) 5431 + 122 5302 + 204 5198 + 312 5066 + 387
ALTGPDIU/L) 382 + 41 401 + 62 337 + 25 409 + 50
ASIAOD(U/L) 960 + 192 909 =+ 102 859 + 76 1038 * 360
TG(mg/dL) 146 + 40 182 + 28 111 + 05 133 + 62
TAHO(mg/dL) 706 + 36 701 + 40 641 + 119 687 *+ 61
TBIL(mg/dL) 015 + 001 015 £ 001 016 =+ 0.02 012 <+ 007
GLU(mg/dL) 1000 + 114 1148 + 310 91 + 178 982 + 210
CREA(mg/dL) 037 + 002 037 + 002 039 =+ 002 037 + 0.04
BUN(mg/dL) 204 + 31 188 + 14 200 + 37 21 + 17
ALB(g/dL) 40 =+ 01 40 =+ 01 41 + 0.1 42 =+ 01
TP(g/dL) 55 + 02 55, + 02 57 £ 01 68 + 19
Cl(mmol/L) 1020 + 07 1027 + 07 1026 = 0.5 103.0 =+ 09
K(mmol/L) 450 + 011 445 + 013 39 + 030r 458 + 113
Na(mmol/L) 1460 + 16 1473 + 09 1474 + 0.6 1467 + 113
CK(U/L) 3773 + 1613 2818 + 1293 2863 + 1095 4632 + 3532
GLO(g/dL) 15 + 02 15 + 01 16 + 02 26 + 19

All values are expressed as mean * SD. Significant differences as compared with control : * p < 0.05.
CA, Calcium; IP, Inorganic phosphorus; ALP, alkaline phophatase; ALT(GPT), alanine aminotransferase;
AST(GOT), aspartate aminotransferase; TG, Triglyceride; TCHO, total cholesterol; TBIL, total bilirubin;
GLUS, glucose; CREA, Creatinine; BUN, blood urea nitrogen; ALB, albumin; TP, total protein; Cl,

Chloride; K, Potassium; Na, Sodium; CK, Creatine phosphokinase; GLO, globulin;
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1-Propanol 1-Propanol
300 40
_ 400 ~ 30
E 300 £ 25
£ B
'% 200 % 15
10
100 N
a a
Q 100 400 1600 O 100 400 1600 L] 100 400 1600 0O 100 400 1600
Male Female Male Female
1-Propanol 1-Propanol
30 33
23 30
3 20 53
£ 5 20
Eis &
= = 15
= 10 = 10
Q L]
[ 100 400 1600 [t} 100 400 1600 [ 100 400 1600 0 100 400 1600
Male Female Male Female
1-Propanol 1-Propanol
80 900
70
— 60 _ 800
B0 E00
30 S
20 T 500
10
L] 500
[ 100 400 1600 [ 100 400 1800 100 400 1600 [ 100 400 1600
Male Female Male Female
A=) o) o
1-Propanol 4 35 @9
08 IL-1B pg/mL
0.7
=06 IL-18 pg/mL
Eos
Edl IL-2 pg/mL
=
T 03 IL-6 pg/mL
=0z
01 IL-10 pg/mL
[
L] 100 400 1600 L] 100 400 1500 VEGF pg/mL
Male Female VWF ng / mL
22— O I OO0 =aAd ILOI)A|Ti0 = Bi0H
[:|.|:| [} 5] L2 o3 EES OI%‘."_* o= A2 %E ZoH Az W

M XE 24
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3) A=F ol §F ohty FUSHAE

<H ll-8> SYHAHEANFOLE BLIES O|F T o2ky SAIHY

gorgorers) =41 20t

Male
Parameters Control T1 T2 T3

(0 ppm) (013 ppm) (04 ppm) (1.20 ppm)
CA(mg/dL) 101 + 02 101 + 02 99 <+ 03 101 + 02
IP(mg/dL) 54 + 08 52 + 10 52 + 11 45 <+ 04
CPK(IU/L) 1753 + 961 1797 + 822 1982 + 93 3231 + 706
ALP(IU/L) 4738 + 465 4656 * 346 4448 + 262 9103 + 1075
GPT 029 + 09 007 + 016 032 =+ 054 163 + 078
ALT(GPT)(IU/L) 497 + 60 477 + 47 501 + 80 250 * 2114
AST(GOT)(IU/L) 816 + 88 83 = 100 89 = 112 1866 + 1201
TG(mg/dL) 1461 + 416 1280 + 292 1185 + 230 714 + 338
TCHO(mg/dL) 765 + 90 782 + 71 740 + 55 1032 + 82
TBIL(mg/dL) 011 + 001 011 + 001 011 + 002 010 = 004
GLUS(mg/dL) 1758 + 171 1754 + 135 1625 + 125 1490 + 173
CREA(mg/dL) 046 + 004 045 + 004 046 = 005 040 + 002
BUN(mg/dL) 193 + 13 191 + 15 202 + 18 208 + 23
ALB(g/dL) 43 £+ 01 43 + 01 42 + 01 39 £ 01
TP(g/dL) 65 + 02 65 * 01 65 + 01 61 + 02
Cl(mmol/L) 780 + 09 786 + 07 794 + 08 1025 + 14
K(mmol/L) 350 + 030 351 + 028 370 + 030 552 * 029
Na(mmol/L) 1099 + 08 1100 + 06 1107 + 04 1454 + 16

+
+
"
+

LDH 521.0 + 3522 5777 + 2889 6817 + 3877 13399 + 2694
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Female
Parameters Control T1 T2 T3
(© ppm) (013 ppm) (04 ppm) (1.20 ppm)

CA(mg/dL) 101 + 03 100 += 02 101 + 03 104 + 04
IP(mg/dL) 50 + 12 48 + 11 50 + 12 55 £ 08
CPK(IU/L) 1776 + 444 1774 + 773 1434 + 558 1492 + 116
ALP(IU/L) 3602 + 321 3590 + 365 3818 + 273 9129 + 1544
GPT 011 + 024 004 =+ 0.09 015 + 028 264 = 082
ALT(GPT)(IU/L) 397 + 97 384 + 114 395 + 83 941 + 466
AST(GOT)(IU/L) 80 + 183 801 + 177 8.0 =+ 104 1163 + 342
TG(mg/dL) 277 + 69 365 = 131 296 + 179 312 + 104
TCHO(mg/dL) 1008 + 101 1043 £ 53 983 + 78 1038 + 138
TBIL(mg/dL) 011 + 004 012 =+ 0.02 013 £ 002 009 = 002
GLUS(mg/dL) 1300 + 107 1308 + 202 1337 + 193 1495 + 80
CREA(mg/dL) 047 + 002 047 =+ 003 049 + 004 039 = 003
BUN(mg/dL) 22 + 31 219 + 22 232 + 22 232 + 28
ALB(g/dL) 45 £+ 02 45 + 01 43 £ 01 38 = 01
TP(g/dL) 69 + 04 69 + 01 66 + 02 59 =+ 02
Cl(mmol/L) 809 + 10 812 =+ 06 813 + 08 1048 = 11
K(mmol/L) 312 + 033 318 + 023 319 + 024 482 + 040
Na(mmol/L) 1117 + 08 1112 + 08 1120 + 12 1484 + 22
LDH 6517 + 1857 6714 + 2904 5495 + 2554 6434 + 1003

All values are expressed as mean + SD. CA, Calcium; IP, Inorganic phosphorus; ALP, alkaline

phophatase; ALT(GPT), alanine aminotransferase; AST(GOT), aspartate aminotransferase; TG,

Triglyceride; TCHO, total cholesterol; TBIL, total bilirubin; GLUS, glucose; CREA, Creatinine; BUN,
blood urea nitrogen; ALB, albumin;, TP, total protein; Cl, Chloride; K, Potassium; Na, Sodium; CK,
Creatine phosphokinase; GLO, globulin;
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PHMG-HC1 PHMG-HC1
350 40
i
£1s
= 10
50 5
0 0
0 013 04 0 013 04 0 0.13 0.4 0 0.13 04
Male Female Male Female
PHMG-HC1 PHMG-HC1
40 14
35 12
3 =10
i 8
@ [
= 4
) ;
0 013 04 0 013 04 0 013 04 0 0.13 04
Male Female Male Female
PHMG-HC1 PHMG-HC1
60 800
50 750
g 40 g 700
:ﬁlso 50
= 20 = 600
10 550
0 500
0 0.13 04 0 0.13 04 0 0.13 04 0 013 04
Male Female Male Female
B IR [¢)
PHMG-HCI 4 5 @4
1 IL-1B8 pg/mL
o= IL-18 pg/mL
Soe L2 pg/mL
504 IL-6 pg/mL
o2 IL-10 pg/mL
° 0 013 04 0 013 04 VEGF pg/mL
Male Female VWF ng /mL
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Male

Parameters Gl G2
(0 ppm) (400 ppm)
CA(mg/dL) 10.0 + 02 99 + 02
[P(mg/dL) 45 + 0.8 5.0 + 0.5
CPK(IU/L) 246.8 + 95.1 286.9 + 1329
ALP(IU/L) 3234 + 299 329.9 + 50.3
ALT(GPT)(IU/L) 117.8 + 38.8 134.9 + 44.5
AST(GOT)(IU/L) 1674 + 394 169.8 + 473
TG(mg/dL) 135.1 + 47.6 66.5 + 289
TCHO(mg/dL) 1273 + 15.0 1151 + 13.1
TBIL(mg/dL) 0.2 + 0.0 0.18 + 0.03
GLUS(mg/dL) 178.8 + 26.3 154.2 + 231
CREA(mg/dL) 045 + 0.03 0.46 + 0.05
BUN(mg/dL) 18.7 + 1.6 179 + 1.7
ALB(g/dL) 42 + 0.1 42 + 01
TP(g/dL) 6.5 + 02 64 + 0.2
Cl(mmol/L) 103.7 + 0.9 104.1 + 09
K(mmol/L) 433 + 0.25 4.39 + 0.22
Na(mmol/L) 1431 + 0.7 1444 + 1.0
GGT(IU/L) 1.66 + 0.71 2.03 + 1.73
GLO(mg/dL) 236 + 0.09 225 + 0.11
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Female
Parameters Gl G2
(0 ppm) (400 ppm)
CA(mg/dL) 10.3 + 0.3 10.3 + 0.3
IP(mg/dL) 41 + 1.0 42 + 0.7
CPK(IU/L) 202.9 + 146.2 167.6 + 70.5
ALP(IU/L) 203.2 + 329 176.0 + 29.5
ALT(GPT)(IU/L) 73.1 + 227 71.3 + 275
AST(GOT)(IU/L) 153.1 + 60.2 126.2 + 58.0
TG(mg/dL) 494 + 15.8 33.6 + 9.3
TCHO(mg/dL) 140.2 + 12.7 127.2 + 14.8
TBIL(mg/dL) 0.14 + 0.04 0.14 + 0.02
GLUS(mg/dL) 161.2 + 10.2 1459 + 154
CREA(mg/dL) 047 + 0.04 0.46 + 0.04
BUN(mg/dL) 21.9 + 23 235 + 34
ALB(g/dL) 48 + 02 49 + 0.3
TP(g/dL) 75 + 0.4 75 + 04
Cl(mmol/L) 104.1 + 14 104.6 + 1.3
K(mmol/L) 4,00 + 0.36 4.06 + 0.28
Na(mmol/L) 1425 + 11 143.5 + 0.8
GGT(IU/L) 1.19 + 0.49 1.34 + 1.16
GLO(mg/dL) 2.70 + 0.17 258 + 0.15

All values are expressed as mean * SD. CA, Calcium; IP, Inorganic phosphorus; ALP, alkaline
phophatase; ALT(GPT), alanine aminotransferase; AST(GOT), aspartate aminotransferase; TG, Triglyceride;
TCHO, total cholesterol; TBIL, total bilirubin; GLUS, glucose; CREA, Creatinine; BUN, blood urea
nitrogen; ALB, albumin; TP, total protein; Cl, Chloride; K, Potassium; Na, Sodium; CK, Creatine
phosphokinase; GLO, globulin;
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(hepatocullular adenoma), A19+E (hepatocellular adenocarcinoma), &4k

Z(Cytoplasmic eosinophilia), TYAZ 7 Ak(Necrosis, single cell), 7H|

X =
A% ZH(Pigmentation), 7HH2 33} A7 (Vacuolation) 5°] #HZE AT



20005 o]Fo] =AANFEL 71E AFUHS 948, e dF oAl
o &&30l1 HlEEA(Non-animal) A3-s 7dete FAlolth AA4
20074, wl=re] g A7-9) 93] (National Research Council)2 “21417] =43
T g R8-S o] vl ¢ A tigt HuxE IR (National
Research Council, 2007) ©]% F+HAY TolA 20113 v A4 2 F
& 7)#o] Fogh ?j—?/\}oq( EURAT-1: Safety evaluation ultimately replacing
=4S &3] diAs] S8l Z2AEE IY
ga1, 20161 O] ZRAES] Ao w AAEA B WEEA Fopo AE =
ZAE(ToxRisk) S F238laL It (EUTOXRISK, 2016). V== R AL =
109 ol A7ke) A, 1 A, o5, ¥ 5 S AR AEE =4
e tiF-E tiAlE] AL g B 1859 HAEAAS IFE FoE A5

3tal ATt (Francis Collins, 2016).

T A% 3R(Reduction, Refinement, Replacement) 59| o|fFZ T&& ©]&
SKin vivo) ARET AlF#A WH(In vitro, in silico)®] ATEIL Jv FA 0
Ak slekEd o) FA0) tigh SHoA o} g9dsith 20151 ‘3l TF
2 BJ7F SOl #g HE dH o] EUHEA vy §]r6 =4 538 ¥
83 A A5 FHIE 9 B FEAE 7HAA F= Aol X8 Fo
o} o]& 3l ol8E AT FE=Y 7t BF3] FJAHAE %}9 AR FHSA
7

AgERe FEAY e ZAb] w=w 20149 2419 201549 2507 20163
2877k w2 o)ite] A3 EEol %LHPJ SEAY AR Aoz HAAET ok
(FHESAAGETR, 2017). 'Sl e} v FUHE T 5 AR T
ofd a7l tkal SRR o] AAIA FAlol BHA] = P%*Olt}.



3 430 Ak jﬂr Eig‘ﬂ Nz % %Q AlEsol A& APEa Qo

o

T2 AP 52 ARSS 7RteR itk ofd we} tefet A A%
N2 2 A9S AlstAY A ol&H= T2 +5 E°lze FHd
A Y Rk Ao

=

AA AR B olgd Qe ARE vl s dEdoz ¥
of, AW, HHg, A, 7|AAHY T A AlE (Bock et al, 2010
Morrison et al, 1998, Kropski et al, 2009; Prabhakaran et al., 2003;
Maxuitenko et al, 1997)¢} 24 A7 59 1A A, 94 7IH 59 ¥dG
A Ao ARZ g 5 Qe o F M Solahl AgEE ArE do
ot dHe FH(Newman et al, 1993; Ferre et al, 2002; Ding et al, 2001)
= @7 (Kropski et al, 2009)& st AREsAV o W 54 QK
Hd, 84, DNA 5) AAE A AZEA Ees) ARSI F=5 o83

:

Soll wet o AlEy 2A2
285 o] ZtH(Chung, 2001; Luster,
1998; Kelner et al., 1994).

Ho] w54, v & 2 A Aghel dud A ARXEA Y Alo]ETF
QB Ve QIARES Wi vhFEe] o]F IL-1B (Interleukin-1 beta)= &/d3}H
27+ (activated macrophage)ell &3l AJatE]o] HF4d W] T3 wijA=
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Aggch w9 A2 &4, S, 25 2 AREdE ddEol ok 110
(Interleukin-10) T3} FHEZFoA AilEe AfolE7IRICE WAA 23
2 A% dEd gig s gt |5 3" ARIETRRI (L], IL-6,
TNF-0) & AASHAY, 14 B IL59] ks AAlstal, 71e F&2 Aol

T4 iNOS(inducible — nitric  oxide synthasea) %  COX-2(inducible
cyclooxyganase®| &4 WES Ao RA o et W] 2ES FhFI
(Berkman et al,, 1995; Niiro et al, 1995). IL-18 (Interleukin-18)2 X-GZ Alo]
E71)(Pro-inflammatory cytokine) 2.2 NK cell &< HYAF] 2833 Thl
cello| A IEN-y o] A4ks o= A2 defx] UtHOkamura et al, 1995) %
gk IL-129F 94l IEN-yS] 2HIE =8 Thl ¥es ST ¥ IL-18&
gEHog Ag Al Th §hS T8 &R d95e 7RIt A7 2%
X353 tH(Nakanishi et al, 2001). IL-2 (Interleukin2)= T HZF % B
T S 83 A EFIRICE 114 RIS I3 A2 AeE E3lo
n2e AoZ &R UchPark et al, 2001). IL-6 (Interleukin-6)= H5
P2 A AA7AA FHA ZSshs AelE7IRleth Ale AE
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7 RS SVAIA @ 9o fES S8k dEEE, H &4 ol
38 oM A dd A dudE AoE dHA o, 9 A4H #
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e FET F FHS FYW] QESE qAXIH(Hernandez et al, 2008;
McDuffie, 2006). &3 2AHY HAblA SetHos 583 A7) o
e WAHA B9k, 55719 v 2= AAeE YEET ofE A,
o it dAg s}y 3o WMsh= e

= BEHA A9

E3) ofy B W AR A AWAY 5 24 47 272 33 I

i
ofN
off’
kr
>,
N
rr
N
4
=2
R
i)
o
i
N
=
N
A
o,
N o
¥
M
14

2
0%
g
2
=
_>~4
et
o
kil
&

3

2 dY AHE Jemz AlE7IRIY] WEh dEdE Aow
ddBoy 54 EE&de HAA Dot Aol HAed AR X
oS #FS F gtk T3 VEGFY 744 A=9] A9 2ds o83
Algelq 84 VEGFY] s&v 6AFE S71e A §& =Y A2 244
ez yehtorn Al $8 14 olFo SUMIEQ A7 237t 3lo] (Yin
et al, 2000) A5/ ®Ho] dFH= AN S7HE Aoz FAHIYoH A

Lo

Multiplex 75 7IH< ol&stiou, duboz A&7l HEd
|

L5= ELISA9= th=

t}. (Dupont NG Parkitny et al., 2013).
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Abstract

Study on the Biomarkers of Inhalation toxicity Using
Laboratory Animals

Eun-Sang Cho, Yong-Hyun Chung, Hye-Youn Choi

Occupational Safety Research Department,
Occupational Safety and Health Research Institute, KOSHA

Objective : The biomarker is a ’‘characteristic’ which found in blood, other
body fluids, or tissues and can be a sign of a normal or abnormal process,
or of a condition or disease and the body responds to a treatment. Various
biological indicators are exist and currently being developed, but the main
biomarkers commonly used in toxicity studies are limited to long term
stimuli or chronic organ toxicities. Therefore, we are looking for the
biomarkers that can improve the initial response to toxicity by inhalation
toxicity and reliability of the results by using laboratory animals that are
undergoing toxicity studies in the Inhalation Toxicity Research Center.

Method : we investigated the property, classification and the wuses of
occupational health of biomarkers by literature survey. Also we performed the
acute, subacute, subchronic and chronic inhalation toxicity studies using
2,6-di-tert-butyl-p-cresol, n-propanol, Polyhexamethylene guanidine hydrochloride
and tetrachloroethylene in rats. The blood biochemistry, histopathological



investigations and serum biomarkers associated with the inflammation of the
respiratory tract were investigated.

Result : According to a literature survey, the indicators analyzed in toxicity
studies of Inhalation Toxicity Research Center were mainly consistent with
the biomarkers used in general toxicity studies. The serum biomarkers
including Von Willebrand factor, Interleukin-1B, 2, 6, 10, 18 and vascular
endothelial growth factor were not altered by the inhalation of test
substance. However, the physiological changes through biomarkers from
blood biochemistry test and the morphological changes of the organs
through microscopic examination were noted in the same studies.

Conclusion : The protein analysis or genomics studies are recommended for
sensitivity and efficiency of accurate biomarker analysis to determine the

organ damage by the toxicity of chemicals.

Keywords : biomarker, inhalation toxicity, blood, serum
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