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(Y~ hX~vxb, HAVA) BROWCHE (e AXH) Z&E Lz, 2> br—/#E (MPIEFE7e L)
big e UCHEG L7z, 1 AER/BE RS E LUEBEKZL00ml & L, —@#OBERIL 7 U — o~ F (MCV-
T10ATS, SANYO) WTHE L7-, ERNOEREY 2 S5 B G, 48K IAGEE CHRE L1,
FO%, WPEHIRAISEFHEA (1.0X10ME/100ml) 12 LEZ, & 5HICT2RH AT CE LT,

B %, 10% P MEREE AL~ U i (10% Formalin Neutral Buffer Solution, Wako) TAZ{AKHAEZ
BT L7z, AERMRRIIHE Ak, B H B EE D E (Tissue-Tek™ VIP Jr., SAKURA) B L OVSF
74 M ey 7 ERISERE (Tissue-Tek™ TEC 6, SAKURA) ICX W/ RT 7 ¢ A A T 72, AR
X7 v h—2A (SM2000R, LEICA) (2 CHLARYI A IZ U7z, FEARWT A 3R CBEMEE (BX51, OLYMPUS) 35 L O
BINTE LM LV BB AT o o, BEmB I Img s/ g Y 7 b (Image]J-Mosaic] £ 721X
WinROOF2019 - MagicalFine, —&Pi$) ICCTLIE L, MPA ED X 5 ICAEKMB~BIT - EESNDI0%E
A L7,

!%J‘ Water: 100mL / biological object
K a >}
il /
Arthropod LLLY P

Caridina multidentata j- ;.\ Microplastics
(20-30mm, 0.7-0.8g) ** .=/ Number of particles:
N 1.0X108 / 100mL

gng-J\ Water: 100 mL / biological object

Arthropod
Eunicidae

(5-20cm, 1-3g)

Fish

Oryzias latipes
(30-40mm, 0.2-0.39g)

; ) o Formalin-fixed paraffin
Exposure of Microplastics  gmpedded sample

1.3 WP EEME L ORBEICSMRE T 5 ik

11
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TR L IMP A AL SRR EE - 2 HiE 2 X1 AR ¥, I RAERE L TCETBLE~Y U A ZJ&E L7z, 1]
BERBGRET V~DIREHIT o7, MWPITREAKE & L (1.0X10°#) . #& 1 #5485 [ % D MLk~
DRAT « FE A LT,

Q:\“'
&

Microplastics
Number of particles: 1.0X108
Particle size: 0.2 ym and 0.49 ym

C57BL6 mice Normal DSS-induced
Colitis model

Exposure of Microplastics Analysis

48 h

Sacrified —)
Formalin-fixed paraffin

embedded sample

X 1.4 MPZWFLIIC AMEREE T % ik

FEiEH 2 : %7077 —VICL DA/ EZORBOREFIIRA

2 D A28 A 7= U S0 B s Z 4813 2 HMDMIE 20 1 mF2 E D LB B K & 72 B © L RN OfHRRIZ IR < 4y
LTS, MNICBALEZEMZAEREL, ThOOHEREZ X0 NERANIIT ) 2o A b A v & FE
A9 %, HMDMIC K HDMPO B EAEHMEI O 721213, RRFHY 72 B BB 228 v R e B R BR 5E & MP# 5 2 % ek
BICEH T 2B ERENLETHDS, T CAMETIET - BUICHHSNA TS Y= LT L— |
2 K DA IEDIZ D, Bio-MEMSEfT A B W AL, WEEET HMPOIZIZAESHDMEIF 4 Em L, B8
AR RN EB CE L8~ A 7 nfifali T A AOBR L EA 21T 72,

~A 7 a AR R T N AOFKE - BUE TR ZX 1. 5177, BETLHIWPOIFELEN~Y I a7
7Vl E I EE L, YA P A CEAER EOREE R AT T LD, 200 X 500 pmdD
Wriia BT H~A 7 afilgiEe Lz, A%/ —, TR, @8BiA, BO5RIET=THEKICE -
THREEREERELET T AREII T+ LY Ak (SU-8 3050, KAYAKU MICROCHEM) % ¥4 « 7 U X
— 7 (BIEZRFE) Lic, 74 b~ A7 20 LTEE (BARBH) 217V, "2 — 15 (BHE6EL)
AT o717, HEE2-A F T -1-AF)LxF )L (2-Methoxy—1-methylethyl Acetate, WAKO) (ZTHEfE (R
BT ORE) #FEEL, FA M= ZLVBEETH T Am & OEEEAZR Esw7-, {ERkL
FERIZAR Y P AF a2 (Polydimethylsiloxane: PDMS, ShinEtsu) %3 LiAZx, MNEAEAL & &
7oo IMEMEAL L7ZPDMS/NZ — 0 & T ZAFEMUCEE S, A 7 Rl T A A Z R ST,

12
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- i

Glass Q\ E>

1. Coating 2. Ultraviolet irradiation 3. Resist development

PDMS Polydimethylsiloxane @

6. Castmg 5. Casting mould 4. Pattern on surface i ¢
8
7. Assemble -

B1.5 ~A 7 niiRMasE®ET S 206 - fRUELR

~A 7 AR R T A A2 HWIMPHFE F LA 1. 61277, WEENICIERE T 2/ & LT
HMDM % J4R L 7=, HMDMIZfEEER AN LV BRI TOA 7+ — L Rarv vy NEBTHR LT-, BEIKRITSY
Ly atk A — 7 ViR (Dulbecco’ s Modified Eagle’ s Medium, Wako) (22. 0% v 2 R IRI7E (Fetal
Bovine Serum: FBS, CAPRICORN) & 1.0%MD-<=3 U > (Penicillin, Wako) Z#M L=t D& L1z, ¥
T NA ANETH ) —)L, Bk, BLOEBEOIETHE Lz, IDMAE A L7ZERKE KT N
A AWITIEIR LTz, T3 AZBERIRITIRIE L, 377 TBRHIBEZITo7z, ~A 7 vk 7T 31 R
v%&myuyvfyfvx%A%%ﬁb\ﬁ%%w&%ﬂbt%%ﬁ%&ﬂmﬂmﬂﬁ%%ﬁ(%%ﬁ

21,0 ml) L7z, SBEATHKDO~A 7 aiilgT /S A AN OHDMO R EE 2 BB TRIE L7213 h, KK
Lf:i—‘ﬂﬂ%@ﬂib ELISAYE (Enzyme-Linked Immunosorbent Assay) X W RIEMEY A N A o DFEA
BAFHE L=, TNF-a (Tumor Necrosis Factor—«) [ZIZELISA kit (88-7346-88, eBioscience) % .
T1L-6 (Interleukin—6) (ZIXELISA kit (88-7066-22, eBioscience) I ENHIH L 7-,

Ethanol Ultrapure water

MQ . Flushing a

Micro-device

Injection of HMDM: a Flushing a

Human Monocyte-
Derived Macrophage
1.0 X 10°cells /device DMEM: Dulbecco's modified Eagle medium

Incubation of HMDM
(Soaking of Micro-device into DMEM + 2.0% FBS)

Administration of MP: 1.0 X 108 particles/device
DMEM + MP i

. Assay

L6
Administration of MP H TNF-a _

K1.6 <17 oiEUlusssT A 2 &2 v 7oMPiFgE ﬁ%

13
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ISR E N TWA Y 2 L L — N ER—R (v A 7 aF ¥ o N —RHE % T N4 A B RS L
7Bl ZKL TR T, VoL L— ROJEREIZL XY U 7Ry REDNTF v —F 2 —T7%FE L, I
— MEAEIZHDMAZ 5 FE L 72, 24KE[CO 1 o F 2 X—HX N TH® - EEI®TEZ, IVTF ¥y —Fa—T7%
F v o N—=N—=V AN R, A 7 aF v o NIRRT N A M LT, @ OB
TEICIEWEREE T LY 7%y REFREIC L D REEBZEMOFENENTEH2E, ZMMEOH L~
A7 aTNRA AL, Fy o= =Y FHOEMIIMPEIRAS LA T AL, F v 3=
—YNOMEITRGIEEESEHERSNATEBY, 2K VMNP S & HICHDMICHER SIS X oL
77,

12 well culture plate
A

Culture tube

=) l (\ Culture medium
with HMDM ‘ﬁl

Levellng pad
0.1-1.0mm =)

1.7 ~vA7aFy o "—HHAREERT S 2 OG- M TR

~A 7 uFy o N—HIEEE R T N A R 2 WTEMPHFZE HE A X1 8ICRT, F 4 v /3—3— EEIC
AN LTZMPAEE I CHRBF SN IREEE R K ov—2 U — v = A DT TR ZITo 72, T84 A
E~A 27y ) ORI S, BT EERE TS - B L, NGOV AT AT RT
COA ¥ 2 _—H NERITKEA LT, MP72 D ONC U AR B (LPS) O fgife 5 - il ks 8 e ] 2 24 [ &
L7z, 5]« B LRz & b RIEMY A N A > (INF-a) OPFEA R % Sandwich ELISA 5%
WHIE L7z,

Diameter: 30 mm
Frequency: 0.5 Hz

CO, incubator

Syringe pump
Aspiration rate:
83.33 pl/h
(1.0ml/24h)

Culture medium * Microplastics

X1.8 ~A 7 uaF v N—AREEEET A A& H W 7=MPHFZE 7 %

14
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K1.70~A 7 aF ¥ o N\—AHREE R T S A A2 X A8 T, MP & HMDMO i 15 28 22 M 23 B & 2~ 2
oleb DN, AT T A~ A 7 aF v o =% HOTMPHFZE~BIT Lz (X1.9) , ALY 7 Az
THZ LT, Wl - WEIC K BRIAR R (7 4 AR—=F TR OBBIC D723 %) MPHFZEEREE~
OBAITTHZ ENTE T,

Masking process Removal process

Glass plate

Micro chamber
(Upper side)

Assembly

1.9 AlIFFA~ A 7 aF v o N—OFE - 1 TR

K1 ICANK T A~ A 7 aTF v o N—OfRG - N TREZRT, BMERDT T AROM LTI~ A
XU ME R BESEEBAAT ORI &L v A T E T T ARG %[RRI BO IS BR 5T D il & R A
BoETbOEEMA LIz, #T7ADL I sttt ch~A 271 « F /7 INLARHRET, BYE LHERET
X OMMAMRENTIEZRA Lz, ZO0HDMORE S LY bFNIREVWREORFEEHET L~
A7 0F ¥ o RNR—FHTLIENTEE, FIEDOTF v o N—JRRICINT L%, BloH T ZFHE L E
EIELZ i~ aTF v o N—EER LT,

X 1.10ICAlIT T A~ 7 aF v o XN—Z WINPT R FIEEZRT, F v o N—HNICMPEZRBASH
TFEEH A A - RIS B A2 LT, BELFAMPOIFIELER v/ n 7y — Vi EL2 BB L., BAFRER
RENEHTX 2,

Aspiration rate:

83.33 plth CO, incubator

1
Diameter: 30 mm
Frequency: 0.5 Hz

Culture medium
+ Microplastics

Micro culture-chamber I/
poe l

ﬂlnlet ﬂ Outlet to syringe pump
- L ‘h.

° O = Chamber height
L :I >20 um

Human monocyte-derived Macrophages ( HMDM )

Microplastics
B1.10 ALl 7 A8~ A 7 aF v =% O TMPHFSE H1E

15
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EWEHS : A7 0T T AF v I OFE

RO “Rz5” 2RHTTDHOOHFEHANPE LT, PSEUE LMK (Polymer Microspheres,
Blue Fluoresent, Fluoro-MaxTM, Thermo Scientific) ZX— R & L7=#FZEHIMPZ Y L 7=, PSHIMPD
R EZ XL 1THIR T, WP BUKER OB DI T DT BMKIZ X 2 BE R % 2 [
FEhii U7z, BEREE T > 7 s RS S E  (UCD-250, Bioruptor) %, MPO[EILIC T
0% (OptimaTM MAX-UP Ultracentrifuge , BECKMAN COULTER) ZFIA U7z, Fhi+£EDOPSEMPDFKH
PR Z TR L, KPR (B FER AT A —2) OBOFMIZT 52BN G ., FEiEEH (Tween 80,
Polyoxyethylene Sorbitan Monooleate, TCI Chemicals) ZMPFEMEIZFHWAE IH7-,

THELR % OMPIRRE A BlIER 9 5 720, EEEFTA%EE (Scanning Electron Microscope: SEM, JSM-6390LYV,
HARET) . BISratBEMSE (Fluorescence microscope, TS2-FL, Nikon) 72 & ONZ L — W [EI$7 2k
B A EZE®E  (SALD-2300, SHIMAZU) T K %43 & FEf L 7=,

I Polystyrene particles in water with dispersant component ’

>

ddition to ultrapure water ]

O

ispersing with ultrasonic wave, 2 minutes ]

C

ltracentrifugal separation, 3 hours ]

. Repeated two times
kimming of supernatant water ] ‘

o -

ddition of water solution of 0.1 % polyoxyethylene sorbitan monooleate W

> b

ispersing with ultrasonic wave, 2 minutes ] [ Ultracentrifugal separation, 3 hours ]

Itracentrifugal separation, 3 hours ] { Skimming of supernatant water ]

C

kimming of supernatant water ] [ Addition to ethyl alcohol ]

w -

ddition to ultrapure water ] [ Dispersing with ultrasonic wave ]

—_— M N
O

O ™2 M

ispersing with ultrasonic wave, 2 minutes ] | Polystyrene particles for test specimens|

X 1.11 PSHIMP D 5 i A% ik

1. 1212 BA%E L 7-WF 22 FINPFR . & 2 5 L &7k $, Pin—on—discilBil & Lo EL A L TEY | Pink
HZDise DA 52 5T X0 Xa28H Lo, AFEHMPFEM & L TPE, PP, PVC72 b UNIPET % %Efj
L., PinfBRICIN T Lz, 2B ART T ADT 4 A7 \CHf S, MxHES 21T - 7=, FExHEE) m
IANTHK TR Lz, BT AERE LD ENMRERF L, 77 2AF v 7 HeofEdEE B L7,

1 BICEA AR T AT 4 A7 R Lic~A 7 a )/ EOF &2 Rd, 77 2K LDy
EMPEM MV IR LER LR OBEIT 5 2 & THRFEFR TOMUNMEY IR UETIZ K 59 57 ki 2 1 L
7. Type-AlZIEZ1.5ume B2y F2.0mmDIELE AT A FIEIR. Type-BIZiEX0.6um+ B> F1. OmmDI#
ZHETLHETFIZR, Type-CILEAEO um H 31 0 umD IR > F180 u mCTELE S 7oMiE, Type-
DIXTEZR60um - HSL3umDMERNBE v F120 u m CTEE SNTEETH Y . MPOEMFEH T X —H
ERET DO BRT A ITEETE DK & L,

16



Air cylinder
for applying vertical load

Table with actuators
for relative motions
between pin and disc

Liquid bath with holder jig
for quartz glass disc

1: Polyethylene (PE)

2: Polypropylene (PP)

3: Polyvinyl chloride (PVC)

4: Polyethylene terephthalate (PET)

1-1908

UV lamp
Contact pressure: (Wavelength: 280-315 nm)
1.8 MPa
idi -y Pin:
il;d(;ng v«/alocuty. Diameter of pins: 9.0 mm
L P Fixation (No movement and rotation)
Lubrication: el

\_ /T Disc: Quartz glass disc
Centre of wear track: 10 mm X 10mm

Saline solution

X 1.12 BA% L7-WFFE FAMPFHFL S X7 A

K1.13 ZBHARNT T AT 4 A7 FEITH Liz~A 7 v - F /7 EEOH

BHART T AT 4 A7 FHie~A 70T /HE~SINTA 570w 22K 4R, v 7 <A
¥/ 7Fat A (Microscopic Masking Processing) IZRBWT., MEMTE2FLE L2 WERSIT~ A Z AL
P Lz, ~ A7 PTEE. BT 281G~ 7 — 12 HoE T, Photolithography, Super Inc Jet
(S1J) F7-iIMicro Dispenser (MD) ZBIR - FIH L7, A 70 A=AV LA—_"T Lok R
(Microscopic Mechanical Removal Processing) (ZHRWT., ~ A7 45 OME L T 2 m g & 5L % [F
I AOBRE M TIE TN T Uie, ~ A 780 OMEBIRBIBR SN R TR T o~ 7 g —r &2 f
T OME & TR ST, BEBRIBREIN Tk & LT, RIEL 2umD %M 7 L X FKi+ (WAHB000) 3. 2wtk

KB (AZ7 U —) ZELZLOMD / ZA)VIZHEH T SMicro Slurry Jet (MS]) Z#H:H L7-,

FEMEE E MY IIAM BRI E SR S o7 — K TH Y . MIE O R S 13T LB X
FOBNEL B2 D, FIZIEEBEE AR LI AMMHIIEFTICELS . BRETHD . L2~
DEBHLIEFITNIWNWEHBTE 5,

17
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3D Microscopic Mechanical Removal Process

R BREFR

K1.14 FHAEST T AT o A7 E@E~A 70 « FIIEE~NMIT57n k2

e FAMPFRER > 25 . ([0 1.12) ICTHEELEMWPICX LT, A XFAEO- D7 4V L — g v
VEEAE L=, 74NV HX— EOMPIZR L CSEMBIZR 2 3l L, W\ 2@ U C, MPOS& M E
(D) . 7TAXZ b R) . JAEE (L) . BHEE (5L/D) #RH., FFEEBR~CM L (K1.15) .

| Microplastics in saline solution ‘ Calculations of morphological aspects
[Filtration with membrane filter (10 um) ] D:
l Equivalent circle diameter
] 2
[Filtration with membrane filter (0.2 pm)] §= 7 x(D/2)
( l . : . R:
SEM observation and image processing A esaitiatio
oL S
1 Lt
- Boundary Length
Gtz
- Complication
L/ mxD

T

X 1.15 MPOMIFH /N T X — Z 45T iE

18
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4. BRROBE
FERiEE 1 AR~ OBAT - E L £ O RO MR A

MPDREAT - HAEIRRE ®“ﬁzém”%a5 T 57 OPSHEEMPEFi 2 EY (P~ M X~ b, HAV
A) e b N (B XX D) ICAMBE S BE6 %X 1. 16~ 1810/ 3, BIHHE 4 L atBlgg o
R E Iz &0 | W@%ﬁ'ﬁﬁﬁ%#ﬁ STEHZEBNHIBI LI, ~A 71 A — k¥ A XOMPIE
THALZR B N2 EMPIREE R BE IS T 2 M BICE ML TV D 2 & D3R f%to% BEZ R L, MP% B
ETHBREMDHLRBEICER LB 20N EFbBEI N, 2. WIZIEDOMEEONE -~ &
BATL TV D ATREME b ERR S LT,

PEAYL, PPHY, PVCHLZR & ONCPETHRIMP 2 £33 (b A & ) ICRMEIRE S - BEM %X 1. 19~22127R7,
PSEUEEMP A E-FH L7z “W2 B4b” WFZEIC L 0. MPORAT « EFEMEILOHER N TE 7272, F Ok %
POICBIE A ERL LTz, /T 7 ¢ SRR O B BB 2 IR I R RTRBE 2 8 2 - B e & LLik - 1R
AT HZET, WPOFIEZHKERT HI ENTE MPRL T2/ S WD/ T 7 ¢ a7 VENT
DERNEZBRBE S5 EWPBEBRNELT 28R E2FMH) . EMOEVICLEL DL T~ A
ruaRx—RMrhbvA 78 A — YA ZOMPHERMBN~EIT - EELTWDZ ERHRINT,

Arthropod
Caridina multidentata

Bright-fields images
Fluorescence images -~

Superimposed images

100um

3.2uym 1.1um 0.49um 0.20pm 0.051um
Microplastics: PS

X 1.16 PSEIEEMPE V¥~ F X~ = U AMIRTR X8 7 Bl

19
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Arthropod
Eunicidae

Bright-fields images
Fluorescence images

Superimposed images

100um

3.2um 1.1um 0.49um 0.051um
Microplastics: PS

B 1.17 PSELEOEMPZ T A Y A I AMEIREE S8 /- 8l

Bright-fields images
Fluorescence images

Superimposed images

3.2um 1.1um 0.49um 0.20um 0.051um
Microplastics: PS

X 1.18 PSHIHYEMP A b X & W I AMEIREE S B - B 244

20



POR

D.1.48%1/060m

p R S—— -
}' 15kV, © X5,0009y 5pm 0377 (16 30 SEI

X 1.19 PERIMPA b A & H (AR T S8 - B2

.69+0.66
) .0+42.1um
o :1.22

" 15kV  X5,0f 5um | 0377 15 30 SEI

X 1.20 PPEIMPA b A & H |C AR T S B - B2

21
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4
£, "D71.650:7fm
1 37 R: 1.52+0.49 e
/1.:46.32+3.38ung |
7 C: 119 R
15KV x5,or§ﬁ{_ 0377 15 30 SE|

X 1.21 PETHIMPZ b X & |2 AVERE T X5 /- B2

¥ g
291£4730um

T 4.98+5.69um
C:1.15

15KV X5,000 Spm p0377 16‘308EI -

22
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PSELHEMP 2 i #LJH (CB7BLE~ &7 ) (T AMEIREE S 7o BIE M 2 X1, 2310~ 7, EikEYw (v~ X~
TE, HAYA) BROEWICHEIE (b A ¥ iJ) & FERICHIE R & SO SRG O LB RIS K D | MPO
BAT - ERREPBIR T L LBHH L,

Microplastics: PS (0.20 um) Marge

10 ym

Microplastics: PS (0.49 um)

X 1.23 PSEIAYEMPA I ELIE (CHTBL6~ 7 R) |CAMEIREE X 7= 8l 24

JHE MRt REL A D BLE % XU 1. 2417~ 7, BB PERIGRE 7 L TR ~DOMPO AT - AR I L
oo THUIIBEBEORIEL VMPHIRE RICE > CEEIERMRA~BITT D L2 RB LTV, Hid
o htE (B AKX ) THLIEIERMHBE~OBAT - EFEVBHERTETHEY, ZOBIT - EHEOKRA
IIHRE RIZ K ADMPOESRICER T 5 LB X B 5,

Liver tissue Microplastics: PS (0.49 um)

C57BL6 mice Normal C57BL6 mice DSS-induced Colitis model

X 1.24 PSBLEEMP A FLIE (CHTBL6~ 7 A) (ZAMERRER < 7= 8124
(B - BFlg. A BEEKRERET L)

23
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FEiEH 2 : 7077 —VICL DA/ EZDORBOREEFIITRA

2477 = L7 L — N ICHMDMZ #&f& L. PETHIMP (0.2~10. 0 u mDKiF4340) F 72 1ZPSHEEEMP (0.2 4 md
Bi7£8) & & BIT24RERIRE 2 LB O RIEVET A S A > (INF-a) OFEAEREZX 1. 2512777, HIDMERIC
%L CMPH 530 A 200451 L 72834 (X200) . PETHIMPD 3 YA b A v DREANBEETH D Z & IR
AT, £7-FE UPETRIMPTIX, B G5EBHE X DI > THA b HA LV OEANEL RDEAICHD Z &
DR ESTz, 1. 26DFEFNC T, RIEMEY A M VA L OFEARIINPOBRER EIZWHIT25 Z L BRRB I
7o LU, BE LMPIZEMEESCKMFENRT A —XOERIZIVEMP CToOEB L TWAHE, B
i B CERIEL CTWAIEE, BT TILE L TWAEE. R ENE 2 b, NP % & IMDME o BEf%
EEBMHICEmMIILICSWEEZ N, ZOMEEZEDICT D012, BETIWPOIZIETLENR Y
07y —Uifiamin L, ARERERENEBE TEZ LK~/ 7 v flifaki® T A X (1.5~
BI1.10) OBHFE & A EE S vz,

24 well culture plate

HMDM: 1.9 X 105/well
’ Culture medium : DMEM(low glucose)
—~——— + 1.0% (penicillin + streptomycin) 2.0%FBS
. 1.0 mi/well

E Culture time: 24 h I~
2 50
3 40 -
=
t30
S 20
c T
£ 10 I ; -
15} |
3 0 1 - : ki
g Control PET PET PET LPS
0.2-1.0um 0.2-10.0um 0.2-1.0um 10ng/mi
X X
0 per 50 pgr X200 o
0.2-1.0pm 0.2-1.0um 0.2um
x 25 %100 %200

X 1.25 PETHIMPIS L OWPSELE EMP & ¥ B L 7= B O RIEMEY A S h A v OEAR

~A 7 BRI T N 2 (1. 5~X1.6) (ZTH;EE L 72IMDMOIREER % (X 1. 2612773, 1.1
~0. 046 u mDOPSELHIEMPIZ T R TOH A RTBWTHIDMICERE SN TWD Z LRSI, R L
HMDMOD U IZTEREN AL L2 0 . ~A 7 BT A ANBENLIEEE L 720 T 2B SN EBE s, =
D OARREIIHMDMD — IR F B TH D, ~A 7 BT /3 ANTH B IMDME B RN EHLTE 5 2
EDER S LT,

1. 271 L~ A 7 v ARG 38 7 S A ANIZIERR L7ZMPA D 85t & e L, RIEEY A M A D
FEABEEZFAE LA TH S, DT InlORIREIZ LD LT, A M4 VEAPKRBTE TS Z
ENHERR ST, FEEMPHEZRHP CHEARD Y — 7 NEAET LA REME L HEE IS, L L, MP2SHMDM
I ZERICBE L, 20X ICHBICKIGE RTT AN, AR THD EEX LD, ERENR
HWHZ O W TR OB MO B IBIRO TR E 2 SLITHOMERDH D EEZ LN,
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1.1 um Administration of MP (PS)

K 1.26 v A 7 o AMIAEER T S0 ANIC TEEE L7-HMDM (&£ : MPEART. G : BA%)

1500 1500
E TNF-o. E IL-6
21200 21200
S 900 S 900
g g
‘§ 600 g 600
S 300 S 300
0
11 049 020 0.10 0.046 11 049 020 010 0.046
Particle size of MP (PS), um Particle size of MP (PS), um

X 1.27 ~A 7 ninEAaE % T A A2 FH LT RIEVESY A b B A v A & ORIE B

BJ1. 28l ~ A 7 o F v U N—HG R 7 S A 2 (P41, 7~[X1.8) TOMPEREENFIERSE Fehil & 77, LPS
(U ARZHE) IZX2HDM~DORIPL LR T L DT, SFEMPOIREE & - Keff] Ofkl & & S ICRIEMEY A
AVOEART|Z, C—JHEICEL L —FEEFLEBO L TN ZERBEINT, LI~
FRAABIZ DX ) RN ARBENFTRETH S Z L bR TE 72, PPRIMPCPVCHEIMP 0 J5 23 PESRIMP
RPETRMP LV & %A I A LV DFEARNRL Do T, BEE LTEMPEIZIZ YA XOENWN B 5720 MPEHM
DRI D, VA XOEELZRODTHSL LTI R o7, LvL, IMDMZAENICKEIT - ER-LEY T

A7 A= LA 7B A= LLULDOMPEZERL., A ML OEANBEET D Z X
oo T,
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PE D:0.67%+0.46um
x100 R:1.39+0.30
L: 2.5241.70pm
C:122

PP D:1.43+£2.46um
x100 R:1.70x0.75
L: 6.28+12.5um
C:1.27

[Micro-chamber device]
Height of chamber: 200um

M Control (without MPs)
M LPS (10ng/mL)

PET D: 0.30%0.20um
X100 R:1.47+0.34
L: 1.26%+1.04pm
C:1.23

PVC D:1.87+1.66um
X100 R:1.54%0.41
L:7.18%+6.97um
C:1.18
1200 '

1000
800
600
400
200

0 Ii_ - i.l_ |
0-3 °~ 3-6 " 6-9 9-12
Medium aspiration, h
B 1.28 ~A 27 0T v N—HHIERET /XA A T OMPIERENFEHRE L5

Production of TNF-a, pg/ml

12-15 15- 24

MPOH A X &Y 7 I 7 a AT URE LM REEZKL 20127, WP A R EIBBREZK— LI
A TH ., PPRIMPOPVCHEIMP D 7 TRIEVED A A L DFEADTER SN, Zhick v ilicaesn-
MPD oy FHEIEC R M, 72 b CNTHUERFICHIH SN 2 WA O BN FET D 2 L DS s Sz, PP
FIMPO S5 23PVCEIMP X W & A R I A v DFEABRDN/INES Dy o 7o IgFE L72PVCRIMPO 7 A7 R E < |
FER DOMP T & o 72 72 DKM P R B R BN T= DD, b L IIMPEM ORBIZ L 5 b D%, 5% OHE
BT A—HDERLICL VLT DR TEDHEE LN,

PP D:0.51%+=0.30pym
x100 R:1.50£0.34
L: 1.91+1.24um

PE D:0.39+0.16pm
X100 R:1.46+0.32
L: 1.460.67um

[Micro-chamber device]
Height of chamber: 200pum

C:1.16

M Control (without MPs)
M LPS (10ng/mL)

PET D:0.34%+=0.13um
x100 R:1.43%+0.31
L:1.24+0.57um
C:1.14
1000

800
600
400

200

Production of TNF-a, pg/ml

0-8 ° 2.6 " 6-9

9-12
Medium aspiration, h

C: 1.1

PVC D:0.34%+=0.10um
x100 R:2.91+1.21

L: 1.46%+0.54pym
C:1.36
" 12-15 15-24

X1.29 ~A 7T v o N—AERAEE T /XA A T OMPHE R 78 & 41
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PSHEIMP D 2% 1

£

- Bz
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264V X8,000 " Zum 0009 4250 SEI

B! 0.49 um

. 1

0.20 um

X800 2m  00d 4

- B
-7

BN L N

X8,000 " Zum 0009 4180 SEI
- - -~

TEREIC

—

SHELET % OARAE A X 1. 303 L OV, 31T 3, MPER Mk 2 %t
FBEIZTHEEIETWSD (K1.11) , SEMIZ X 28R I P
BEL L W MPOD R Y PEREL
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I 57, FUmiE A & MP
A N AN = | VA= @t V7 €.

BRBERE VI & 5N b —F R R A HUE IS & 0 MPRL T

WTE T,

KV X8.000 ~2pm 0009 4050SEl

X000l zum 0009 40505El

-
c
7}
£
5
©
£
Q
S
b=
=1
2]

X8,000 0005 39 49 SEI

:"

Xo.000 “Zom 0008 39 38 SEKL 4

X 1.30 PSHIMPZH
(Z£1X : SEMIZ L B #122, AKX #CBEmMSEIc L 28150

E: 0.046 um

Surface treatment

ELESHIEEA2RN 1=

30 30
& A:1.1um r R
® ES 4
P 20 s P 20 b
S ° — lo
£10 ° 510
o ° o ole
0 + 0 'y
0.01 0.10 . 1.00 10.0 0.01 0.10 1.00 10.0
Particle size, um Particle size, um
30 30
< B: 0.49 um . Py
B 3
g 20 . P 20 #
£ =1 g °
10| c
& . g £ 10 STl
0 T 0 -
001 010 100 100 ® 001 010 100 100
Particle size, pm = Particle size, um
©
30 8 30
° C:0.20 um ‘g <
220 @ 520
o ° ) )
S P —i— °
510 S §10 .
a e a ° '.
® o (] re
0.01 0.10 1.00 10.0 0.01 0.10 1.00 10.0
Particle size, ym Particle size, pm
30 30
| D:0.45um g
120 520 -
o L) ] L)
S ° —0 -
510 510 L
a o o ° o
0 & Y
0.01 0 10.0 0.01 0.10 10.0

0.10 . 1.00
Particle size, um

X 1.31 PSHIMPE i3 EL R 1% D IR HE
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! . 1.00
Particle size, um

ChL 718 D FEH 53 A
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PE, PP, PVC7Z2 L ONZPETDO X 9 RFIHEDZ N\ T T AT v 7 Fbt %, AP S 27 A (K1, 12)
ZRHLCTHRRERT TRAEL TV DML A=A L 2] ANZRORE L, EHAKT T AT
4 AT REDOMERSY ZMPHREM RV IR LER LN SBENT S 2 & THET TOM/IMEY R LERIC X
% 957 95 R A B S T

~A 7 HEELE LT 3228 L5 E OMPAERIRIL % X1, 3312787, PESCPPL Y HLPETD 5
NEAERITEL, PVCARbLAERENKE o7z, PE, PP L OPETRAHEMIERE TH 25 DIk L, PVC
DHBIERERBIIE TH D, EHRBRIEE S FEEPHMELS LA TEL T, Z X ARMER>T
Wb, Fio, AR L TEHEHD LD Z]ICES EEZ N5, PVCRH T AT CRRICHMELTE %
MR L, FEHMEENLL o= & FHIEN %, PETIZPERCPP & [A] Ufs S PERSHE Td v . BaT ML T
b D, 1272 L, PERPPRHEER LV MIEAS CTAKR SN DK L, PETIEMAEAIC LV AR EN T
W5, MPHEM (BY) La5ET 4 27 ORI OFHEBEIZA LK CTIREL WD, 207D, FHO
TGRS OMPAER ENHE X TW D AREMER H 5, EARBIICL Y, TXTOT T AT v 7 FEM
WCEBWCMPIRABEDHEMN LT, BIAMROBEIC LV ES FEHEHOUIEMMES L TWD EEZ LN,

C. Diameter (Bottom): 125 um

‘,. A. Height: 3 um
@ @ @ @ B. Diameter (Top): 75 um
A A & G D. Pitch: 180 pm

w7/

X 1.32 WF2efAMPFEEE Y 27 A (X1.12) I L7 ATELT T AT 4 AT REDO~A 7 v « F

-
o
o

Ultraviolet irradiation

(02}
o

(o2}
o

S
o

N
o

:—!

PE PP PVC PET
Plastic material

X 1.33 MPAERCIRI (FIFHAZET + A7 @ [X1.32)

Production of microplastics, mg

o

AR S TMPO KA HA /8T X —F ol FhE L7k R4 X 1. 34~1. 3712”3, MPOOSEME| {4 % ALEE L |
EfMMER D) . 7TAXZ R R) L EAE (L) . b ONTHEMEE (5L/D) & Rked7z, FERE ML MRS
DOPVCB L UOMAERICI VAR ENDPETTIE 7 L— 27 IROMPR S B E S 7=, ZHIIPVCO EHe
PETO T ENT 7 A TOYIWNEZ s T bzt EZ b, B BERIE CREBMEHIETL
HPERCPP TII A Z BOTEMPIERE & 72 > T e, PPOE D ISHIZKFE D Fx, PED &4y THIEH CTix—¥6
WCAFNVERS LN, U THEMARBROES THTH DL, REBRTERMA LI-AKES T 2RI
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NAVDOREMEZET 28 undD @ S O AE SEEE L, EHTBEOFE R A IFF L TV eh, WPEREER &
Oy FHEE D SHER T DICEEEME O BN I L TV D AEIIEETE 2, MLT T AF v 7 HFé
[l b2 bl L7235 6. SRAMRIREHIMPY 1 R BE B 2 Tz, DF V| 7T AT MMESEHEE ~0
EEBIINEhoTo, ZEAEDT T AT v 7 Fb TIXEHRIMNRES TMPIZ K & < 72 W IR FIEOFHE RN
ZoTWahEEZLNT, LaL, PPIZBWTITENREE TP/ <o TH Y . BEEMEEREICEK
T DL DIRERE END DO TIZR2WNhEEZ BT,

Plastic material: PE

15KV X1,000 10um 0092 24 30 SEI 20KV X6,000 2um 0092 2230 SEI Ultraviolet
—

( irradiation

(

15kVv X1,000 Im 0092 23 30 SEI 20kV  X10,000 1um 0092 2230 SEI 15kV  X1,000 10um 0096 22 30 SEI

Equivalent circle diameter (D): 5.64 +4.59 um Equwalent C|rcle dlameter (D):8.81+11.5 um

Aspect ratio (R): 1.63£0.40 Aspect ratio (R): 1.67£0.58
Boundary length (L): 24.1+258 um Boundary length (L): 39.6+53.6 um
Complexity (C): 1.23+0.23 Complexity (C): 1.29+0.33
Number of samples: 75 Number of samples: 75

X 1.34 MPORAFH)/ ST A —Z 5587 (PERIMP)

Plastic material: PP

Ultraviolet

15kV X200 100pm 0092 23 30 SEI 15kV  X1,000 10pm 0096 2230 SEI

irradiation

!
- o™

15KV X200 100pm 0092 24 30 SEI 7' 20kV  X1,000 10pm 0092 2230 SEI 16kV X200 100pm 0096 22 30 SEI 4 15kV X1,000 10pm 0096 22 30 SEI

Equivalent circle diameter (D): 12.6 £10.5 um Equivalent circle diameter (D): 10.6 +13.1 um
Aspect ratio (R): 1.67*0.63 Aspect ratio (R): 1.53+0.56
Boundary length (L): 52.3+49.0 um Boundary length (L): 44.8+65.9 um
Complexity (C): 1.24%0.21 Complexity (C): 1.20+0.24
Number of samples: 82 Number of samples: 160

X 1.35 MPORAFH) /ST A —Z S5k (PPHIMP)
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Plastic material: PVC

- HE :
X500 50pum %092 24 30 SEI 4 20kv  X1,500 10pm 0092 2330 SEI Ultrav'OIet 15kV X500 50pm 0096 22 30 SEI
Beloblos LN

irradiation

15kV X500 50pm 0096 2230 SEI

Equivalent circle diameter (D): 3.81+4.59 um Equivalent circle diameter (D): 5.87 +6.33 pm

Aspect ratio (R): 1.52+0.44 Aspect ratio (R): 1.57+0.45
Boundary length (L): 15.3%£20.3 um Boundary length (L): 24.9+32.4 um
Complexity (C): 1.15£0.18 Complexity (C): 1.22+0.20
Number of samples: 340 Number of samples: 429

X 1.36 MPORAFHI/3T A —Z 4587 (PVCHEIMP)

Plastic material: PET

RN - 2] P
¢ @ 3
Vel S 4 ; = b i — L=
aflv  xad sopm.-0002 2330%e & ¥ 20kv" X1,5007 1opm  0093" 22 30'5% Ultraviolet 15KV X400 50pm 0096 2230SEl 15KV X1,500 10um 0096 2230 SEl
> v < ! . — b - .

irradiation

v
o . B ,F-!x\
" S

-

0

15kV X400  50umW . 0096 22 30 SEI 15KV X1,500 10pm 0096 2230 SEI

Equivalent circle diameter (D): 4.10+4.15 ym Equivalent circle diameter (D): 7.08 +6.22 um
Aspect ratio (R): 1.49+0.46 Aspect ratio (R): 1.50+0.46
Boundary length (L): 16.3£19.0 um Boundary length (L): 28.1+27.6 um
Complexity (C): 1.11£0.29 Complexity (C): 1.16+0.28
Number of samples: 522 Number of samples: 553

X 1.37 MPORAFH) /3T A —Z 4587 (PETHIMP)

WFFEAMPFREE & 27 & (1. 12) 13, HARFROMPHHMIL A U = X b (7T ZAF v 7 DR T & SR
IZ X 2HWRE) 2D ANTED, ML OBETHREZ > TWDLONEZRHTL2FR10 2155
FECHEATED LEZA TS, BREFNORELINDINP L O VI LY | T URAER T
A—=Z OWFFEMAMPAERL - B TE D Z &b BMNER o T,

EHEE 1 ~3D—HDMFFRIZELY, T ~A 7 XA—FAhb<A 78 RX— L L~ULDOMPIZAER
BRBE B D AEMRERE (MILERE 2 L) ICBITT2 2 ENMR SN, o, BEEORIER ST X
DMPANRE RICE > TBATT 2BHELBIERINT-, ZOBRSITERNOEEE ICMPABIT - BT LIHE
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LB SNz, AENICBAT - EEINZ S E I ERWEMN - (L PR EE A T 0PI, PIEO&E %
B L, EKGZHIET 2D BRSNS Z ENEREINTZ, P2 AR LIZHIDMIRIEEY A -7
A UEEAL, RIEKSERR S5 AEENRENT, RIEWET A MU A 2 ORFEABIIMPOIREE &I
T2 T~ 7B A— MDA 7B A= MLV LULOMPOER CEADBEELT D2 L
MPEM DEWIZ LV EAERRRDZZENRALNE2oT, AEROREIZEELE XDV T~ 71 R
— M~ A 7B A= L LALOMPIEI T TIZREF THIHAEL TWD Z & BMUMFIEE S OFRA"
VTCHELNTR->TND, REICEEELHE X DWPBRBRENSHBENEVNEEZEZOND Z L, PO
b AT = X LPRAKRFFETIY AT 172 EDOINE TN L DT T AT v 7 ORI L AT L DT
TAF v 7 OHAREICH 5D ThHIVEL, £ OWMILEE TN EZEZX N Z &b, BlRFA
TREHR~OREETIAF v 7 OBEZHO L, ARTONVEHEE ST AF v 7 ORIEZED H Z & T
BRENTZDETHTE L, 4%, R -FHTLIREZ a7 L NI —FIFRXF v 70HY) HIZH
WL, BT~ A7t = Anb~A 78 A— KL LU DEMER T A —Z 2 LD HENHER S
Nl b, SROBBETI O A XAFOREZROMZ 2~7 U 7 VBN RWEBbh s, #lziX, #
MEBLOV ST LV TER - LT K27~ T U T A THIVEX, PR 723 KT T 5288 % (a1
TEDHAREMED B D,

5. BIFEEEDOERRI

EX =R FHEHE 1 AR~ OBAT - FE L £ OB OME R TR

BIWY [B]

BRI HEE 2 Ll B, A 1L B, FHIE 1L EoAKRIC, ME 4L E & &
H/NT A—% (RI 1R, 7T AT b, A—F RXLk) 2R LR ANPEZIRE TS,
ED XD BT FEHI N T A — 2 OMPERMERRICRBAT - EFE L. ED L9 ek rr7z
WEE MFETrER LT 5,

(i Rtk e ]
LB ORE H T,

[HIWric=E > 7= #H ]

g (Y~ X~z H4 Y A) | 8 (e AXH) 7o bONTIZHIE (C5TBL6~
U R) ~OMPUEEEAIZE 2 F2 i T X 7=, PS. PE. PP, PVC72 & ONTPETHRLDBF4E FIMP % 7l 4%
L, ERICIRET 22 LN TE 2, ZNHIFERAMPOKMER T A — & (Zqf B,
T AR M, AR, BMEE) 2T L. BEERICHETI LN TEL,
T A = AnbvA 70 A= FLLAULONPS & F X ERMRICBIT - &
FETHZ LITMRTEIN, 7 AT FMERBEHERE 5T 5 28 3fkke L 7298 3 0 22
Llpote,

EWEE 2 : v/ u 77—V ED BB LEZOEBEOREFLHRE

[B1E]

VPG 12 5 2 D BB 2 HMDMIZ X 0 B & 2§ 25, AEIRIN A~ AT - EFE S AL 72MP & HMDM
DEBREE & AENIZEST 572D, Bio-MEMSEIN 2 B AL 7= SRBRET B BR 5 4 B 7% « 1A
T 5, b MUEIZREEL 52 DMPOHREM B FHNT A =2 BIOREZH LT
%
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(i Rtk e ]
LB ORE H T,

[Tz > 7= #H ]

EENABAT « S AL7MP E HMDMD BRBE A A RN -D . 22D E &Ry - fRIFRY 72
INTINFIREZREE R U AT A (v A 7 u MR R T A A, v~ A4 7 aF x 3 —
TG 7 N A, ALLA T A~ A 7 aF v oN—) ZBA% - EH L7,

HMDMIZ & £ & EARERMPA AT A —ZONPEZERETHZ ENERENT, WWEERL
ToHMDMIZ RIEVES A b A &2 FEA L, RIERIGCZ B I D RN RSN, &
JEMES A N A L OEABIINPOBBERICHFT L L, T~ 7t — L5
~A 78 A— R LLULOMPOER CTHEANBEELT D &, WEMOEWIZLVE
EENBRDZERALNE R ST, LV EED - REFMNREREZ 257021, i
B LT n B L I o 7,

EEHS : A7 0T T AF v I OFEE

[B1E]

RUAFLY (PS) . RYx=F L (PE) . AU =/ (PVC) ., R ZF LT
L7%ZL—k (PET) . RV ZuvLy (PP) OLIBRFIHAEBEDEZNT T AF v 7 45
PLEDOFEMIZR LT, WFZEHMPE LT - AE L7 bOZ FEMEA 1 ~ 2I1I2{HFHT
T ORH AR D,

(i Rtk e ]
AiEz ERIS R Z H T,

[T > - Bl ]

FERO Rz 507 ZESICT D7D OMEHMP & L CPSRE EMP O HEfif 238 | Bk
BRI+ 5 Z L3 T& 72, PE, PP PVCE L UPETEM & HARBEET TRAEL TS
AL A = XN ANRRLTEAMPE L CHlRHEST 5 2 N TE 5B DM
M, D NCEMIER 1 — 2 ORISR S, L0 B 72 5E Rk R % 15 2 (R 23
b,

WMEEHFIE FAMP O MR ZERE B ~ D AR bbb E o 72, £/, EMEE 312 X 2MPOHAIL
AN=ALDBLEEEMER 1-20BEF{EREY | BEREESINTWDLITTAF v 7|
ROV R R a7 Ly R —FFRF v 7 0OH D HITHOWTDEREITHIZ &
NT&ETz,
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TRIBOLOGY
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part in artificial joint in order to reduce macrophage activation
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evaluation of influence of microplastics on macrophage responses
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processing methods to create bio—inspired surfaces on artificial materials
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IV. X Abstract

Assessing the Influence of Microplastics on the Immune System with Bio—MEMS

Technologies

Principal Investigator: Yoshitaka NAKANISHI
Institution: Faculty of Advanced Science and
Technology, Kumamoto University

2-39-1 Kurokami Chuo—ku Kumamoto, 860-8555 JAPAN
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[Abstract]

Key Words: Macrophage, Immunology, histology, Bio—MEMS, Tribology

Plastic wastes can be fragmented into small debris. The ubiquitous presence of microplastics
(MPs) in the environment is a cause for great concern. This study aimed to develop a method
for producing MPs in the micrometer range for various biological tests, where the morphology
and constituents of the MPs were guaranteed. The proposed production system was a pin—on—disc
machine with multi-directional sliding motions. Pins made of polyethylene, polypropylene,
polyvinyl chloride, or polyethylene terephthalate were pressed onto a quartz glass disc under
the lubrication of artificial sea water. Micro—textured glass surfaces were prepared by the
combined application of a masking process and a micro-slurry jet process for generating
particles with various morphologies. Ultraviolet irradiation (UV: 280-315 nm) was performed
through the glass disc to the sliding surfaces during fragmentations of the polymer plastics
The UV promoted the fragmentation of polymer plastics. The UV was believed to influence the
equivalent circle diameters of MPs but did not affect the aspect ratios and complexity
Differences in the crystalline or amorphous plastic and the copolymer or condensation polymer
might affect fragmentation speeds. The morphological aspects of the generated MPs are confirmed
to be similar to those of the MPs collected and analyzed in our environments. The transfer
and accumulation of MPs in the micrometer range to Caridina multidentate (Arthropod), Eunicidae
(Arthropod), Oryzias latipes (Fish), and C57BL6 mice (Normal/Colitis model) were
experimentally verified. The MPs were transferred to, and accumulated in, various living
organisms. Transferring and microparticle accumulation were observed in not only the digestive
system but also the other organs through the vascular system. Human monocyte—derived
macrophages (HMDMs) phagocytize various MPs and secrete a number of proinflammatory cytokines.
In in vitro experiments, the HMDMs are cultured in a medium with the MPs. However, the MPs
suspend or hydrate in the medium or settle out in the medium. These microparticle phenomena
show difficulty of elucidating the relationship between the microparticles administrated in
a medium and the microparticles phagocytized by HMDMs. A micro—chamber with a height greater
than 20 micrometers was fabricated, and the configuration enabled the MPs to pass nearby the
HMDMs, which is important in the phagocytosis of MPs. By adopting the culture system, the
observation of the phagocytic processing by HMDMs and the evaluation of the time—dependent

change of secretion of cytokines were realized.
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