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0 H FEXR AWE ORA4L FERT

(WS R T, R KR 010021)

BE BY HIOREEET A (GQDs) RYXHASN RAW264.7 B WEANMIFETE 2 . ANMIIE T K JERE PR -2 35 14 S 0 A 40 ik,
186871, N GQDs 14 W) B 2E A ) e e o PR L FIE AL . 3% RAEOYE Hummer s 254146 T &b 6 80 . A H,0,
W O PRI T A mR s A 2, R A LT 05 20k A S8 D)5 GQDs. I XSmRS . Xt
THEE . BB, AT B . B RSEAEE ML S AR X GQDs MORZS M HE TR /3BT . id CCK-8., i
AN OGS R M FISEI 96 E B PCR (RT-qPCR) , ¥4 GQDs Xif [ I 241 i 1) 25 4 e 25k RIS 8 i PR 1 ek 1 5%
Wi, it CCK-8. MizCAIMIA AN RT-qPCR, 14 GQDs X W 41 g ) A e 25 M AN S i IR P A5 . 0 338 £ R GQDs
TEEWEANM P R GOl R KIKIET, DLW, O, FAEIE R AN S A4 52050 #1 0 3~5 nm 96 GQDs, 7= 4 43%,
Yot (1) =1.67ns, — AN A HH3EAY Zigzag RO FIBLA T2 GQDs F B MU K il , Him A A
SRR 44 330 nm 1400 nm. GQDs i & A5 A E AEATFN L35 K P H B RAFRI/KIE . COK-8 FIAETE YL (a1,
GQDs B = R A E . RT-qPCR M4 7R, GQDs XA SN RAW264.7 4 A7 AL KM HIME T, 7T il RAW264.7
MM EE R TNF-o 9 3RIK, (HARM AR AT 7= A8 TL- 1B ARE 75 AL T OGBSI IR, ¥ GQDs B —E Ry
RAMTMAARAE S o 8518 ARG E T AKEN: . (N8 SORRRERMRAER TIEFR0Y , NHIE SRabs ic AN %
U IO B T T R A i

X W,0,, [1BERT A, RAW264.7E M40, EWHATE, SAEFRT

FESES Q23

SRS A NG RI DO CE I AF O AR iC YA
I, s B A LEE ] PR SE  Ah
A L GRE TP OGRS 2,
AR R IR R ER, m R SR JRAL. RER
PR A5 10 I [ 2 ) A E AT B AL T R Y ke B2
PL T-VIE & 75 (CdSe. CdTe. PbS) 14
K (NiO. Fe,0,) fETERIA G BHiMIItEf,
HERME SRS, A A ARl 5 B 2 S A
FHA — 5 1) Jry B

f1 2 M &= F 45 (graphene quantum dots,
GQDs) AR T H AR IS  (BRAKE A1 5
1) 5. GQDs EFYE A s Eb b, BiE T
PRS0 A B R A IR A SRR . 534,
B RS ROV A GQDs B el JE Y, ot
PO A S AR AT WG 2 2T oh . HindiRifE, 4
b I SR SR TH H BE AT vk B2 AT DLk GQDs
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B, RS ZREA R GQDs 1] LIXT [ i 2 2 AR 1E N i
YRR A oA . ARG P00 R A T S B A
W BT ny EA 20k, Liss ™ &k
I, HRE PR O A RO R B e E AL
A SR AR AT L AR 9, R T
YN AR ZH LU . Wang 55 7 SR FH— 251 7134
AT REVEN AR, R T
A PR P g SR R ) AR . Ge S5 Y A0 AR SR BEW)
AT AE DRI SRS, S a7 EEDOLUR . DL
AR R EHGARTT A — R B £1 A5 A IR A
X HARKI A e . HETR T GQDs HI T
J R S E IR T B ERRIE . TR A RS S GQDs
F14) 0,958 24 JH0 98 i 00107 RIS 388 T R R A T 4 /0
B WG A2 A PR N S 2 R AR g diiffl, 5K
SROUPE . RAE M Z R AE AR, Al AR
AIRSCN SZ AR SR IR G E Y, T s ok &
YT AR SRR, SR IR IR R R E 1Y
HERZR ., BRI AN R s i T A
WS WS R, A Bl SOLATT AR AT s e
YA AN T ANAE S e A py b k& s
ARSNGB WO AT, FERIAGSAE T il i 1A
RNTER R B oA A BT E Y &
R, IR X 8 R AT 9 (Xeray diffraction,
XRD) . f# B 0 A8 ¥ 21 4 (fourier transform
infrared spectroscop, FT-IR) . 1 #i H + & 1 8%
(scanning electron microscope, SEM) . J&F 77 1%
%% (atomic force microscope, AFM) . % 5} H ¥ i
%% (transmission electron microscope, TEM) . X
g £ Ot M F fig 3 (X-ray photoelectron
spectroscopy, XPS) 54 ARFEXT GQDs HEATHIM
SERRAE R IR b, XA CEREHA T T b, DA
/IN BB E W 20 0 T IS 4 L (RAW264.7) SRy st
RIANNE, SR CCK-8., ZEIGYE, JaXanifL.
FEALR AN SO0 E it PCR (RT-qPCR) Z5F5Y
FBt, K95 GQDs 515N RAW264.7 4 g A H /£
PREESRERIN T, HMAEG R AR . RAEA
FARAC AN AR T A

1 HRSH%

1.1 {LZEHRFK

FAA A (299.85%, [ 244 Ak AR A B
N WH,SO, (95%~98%, ik Tkl ) ;
W H,PO, (95%~98%, [E 24 4 Al 4k =0 A FR 2>
A); KMnO, ([ 254 Wbl a RA A ) ;

H,0, (30%, 24 /fk2=0A AR ) ; HCl
(36%~38%, L TILH) )5 ~EAE (W,
Bl TR A D ;s IENEE CR#E TR )
K (EGERFALTAERAF) .
1.2 E£¥HRFRFE

/N BRUCPRAZ I AT P IS 2 B (RAW264.7,
HEAREWHANF); DMEME:FREE (LI Viva
Cell AH]); M2k (FBS, 3 Gibco /A ] ) ;
W% & (penicillin, It H 25 EH ) ; & R
(streptomycin, L2554 ) ; F L8 (NaCl,
H 2 AR A R AR &8 (K,
it AR A RAED) s H LA (DMSO, B
FrTAFI A s CCR-8iAFI & CGERHHAHrH A
FBRAFE]) 5 Caleein/PT 45 1 5 20 i 2 P 4G 1 3k
Fe AR KEYHARLNF); RNAiso Plus (F4
Y TSN H]), Annexin V-FITC 40 578 746 32 571
& CRXAEYRHARARD).
1.3 SLIOUES

FEOGEE BisE (DML, EEkRAR); i
¥R (BIO-RAD Model 680, £E RN ); X
SRR ARATHL (AXS-D8 %, f# [ Bruker /A ) )
LTAMNETEAL (Tenser27 Y, {8 [E Bruker 22 #] ) ; &
W R SHE S T %% (Talos F200C G2, FEER K
HRBHE (hE) BRARD); HiE 7 5
(S-4800 %, HARHIIAH); XHLGHE TR
(ESCALABXI+, 83K CH/REHL (B E) AHRA
A T AR AT (CSPMS500, dbat
A A HED) s B2 6% (LABRAM HR
EVOLUTION, 2 [# Thermo Fisher A #]); %3t
B IMEE (FV1000, Carl Zeiss AG); BESfas
REIETHEAL (FLS-1000, JefEZ& THAF); %t
£ PCRAY (Lightcycler 480 II, Roche); =4
Jfi4% (ACEA BIOSCIENCES INC, NOVOCYTE);
Zeta i {L (90PLUS, A& piifE SCAT])
14 KWHE
141 FAbA B FURALFIW 0,0/ 5

K 2l PE Hummer” s 325 1 25 S8 A0 A7 88 05 1500
69 ml ¥ H,SO, /i 3.0 g A 8643 F1 1.5 g NaNO, IR &
Y, WHIZE0°C, 9.0 g KMnO, /Mt 2518 i A3 b
WIRAWH, SRIGINIE 35°C) N 30 min, %%
g A 138 ml H,0, 445 98°C) i 15 min, 7Ky
Y HIRS 10 min, JIIA 420 ml H,0 #13 ml 30%H,0,
RHELIER N, Tk, 338, Z2REREES T
i, RITRAS bR ) A A B (SCRSS) .
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KRG — 2GR A BT A, WES
& AEA . AR R BRI . 0.1 g WC
A I A S 50 ml Y IE N B PR 5], RIS RS
50 mIK S A H, 200°CF W9 he KA
FIFE S ARG, K OB L. PRI 3 IR,
70°CEZS T 12 h g BB [k, 2 xf Hik 1745
FIRAE, 193] W0, i BI A EIE 7] (FRAE 455 0L
K S1),

142 BT A &

0.15 ¢ A Hl A LA 280, IMASml L& T
JK ., A 20 min, SR 5 Hon A #] 5 ml H,0,
(2mol/L) *hHEFEIE]. 0.05 g W, 0, ITAF] ik
RAEBBR T RSIRA . SZMIR AW 2
15 ml 7K B R 48, 200°C L 72 h, HAREHIF]
i, B B Uik, W AieEerAE
FFR B0 GQDs ZKIF
1.4.3 4R RE IR A%

RAW264.7 4 i fIr F 15 5% 364 DMEM 15 57 3
KR FUE R N 10% A6 4- 17, 2 mol/L L-A 2
iR, 100 IU/mIAT (R RMEERR) . HT%E
B A 2R RS FE X B AE R (= 98% MY ARMIAE TG ) .
T37°C. & 5% CO,IMIEFRA i B3R, 18 85%
()78 35 B AR
1.4.4 RAW264. 74 JIFETE YL 0

¥ RAW264.7 40 M4 Fh7E 24 fLAR T, ZH L %5
BE R 2x1074L, B53R24 him, R R 5 AR
FERY (100, 200, 300, 400 1500 mg/L) GQDs i
THEgR 24 h, RIG 5 RHGREE, HPBSIETE—iH,
JIAGE 511 Caleein/PLAEIN TAEW, 7F37°CHRARE 5%
FFWE 5SminJ5, fEZOLRMEE FHITINR, XF
AR TEEER TR o
1.4.5 A REPEILA

1 A K F CCK-8 3] & E AT I .
b B K 3T RAW264.7 40 g 32 Fh - 96 FL R
AN EE L 8 000/4L, MiEEAK 1 d)E, T
96 fLH 4N A GQDs, EBRIHAYETFREE, A
120 pl £ 5 10 pl CCK-8 357 (1 fif 1 32 5L, 37°C
THRIE 2 he SRIF IR 96 FLAASFLIE 450 nm A
B (4) 1.

RAW264.7 4fi a6 24 100, 200,
300, 400, 500 mg/L; H[EJBREE R 24, 48, 72 h,
B AR S 56 X HELZH AR I ACRE b 1 400 L 25 %
W, BRI TP E 6 MR, ALK
M7 HE A 3. FBEAR{AE 450 nm P4 AE I 2 25

fLAME.
40 A% 3 % (cell viability) A9 3125 H .

Al _Az
3w o
A a X 100%

Hor, A NI GQDs 4 fZHWOE (R, 4,4
TorE A LA WO EA A, CCK-8 1271 i
S HE A o A0 AR I b ) B BN SR 6
X} R
1.4.6 RAW264.7408HHTNF-0, IL-1B mRNAZRIA

WEAIMIRITE 6 FLAR L, [EAHAEE Bl 2% 10°/4L,
UK B A5 5523, R H 24 h, 5 AR,
PBS &1k 3 i . % 8 Magen RNA $2 057 & 1) 25
TP RNA J, B4 RNA #2 IR Stk & 48
PRI TR 5%, SRJGTE LightCycler®PCR Y 4T
RT-qPCR J )i7, i it RT-qPCR X IL-1f Fll TNF-0. 3
R B HEATR I CELA ST W3 S1~S3) . 454
SEYGAST R 3 UK, SR 2 MOk IR T
1.4.7  Fa4i i

WA T BUE I AT LIS, Fedn s
S 2x10°FLEEF T 6 FLAR I, WEE 24 ho SRJ5 705
IR BE 1 A A AR T A . B59% 6 h
JG, AR, PBSIEVE3 M. S A 100 ul 1x
Annexin V 25 & 22 Wi, BB JS N A 5 ul Annexin
V-FITC #l 5 ul PI, %3 4% 44 3 % &M 15 min,
% J5 A 400 pl 1xAnnexin V45528 ik, IR
B2 e 18 Y 1L T
1.4.8  HOCIIR AR WA AR

AL O 3 R R BB W % GQDs 1E
RAW264.7 4l fifl N /4 43 A5 F 20 J B AR 1 IR 245
RAW264.7 4H iRl TR A L HIEE IR, A%
J&E 24k 2x10%4L, Jini& B DMEM K5 3% 3£ F11 500 pl
GQDs, IEFRANCE 4 h, R DMEM B33, 1x
PBS Mk 2 5 S LIS, A 511 HBSS 2%
Ml EALWES, ORI 408 nm,

1.4.9 FHERRIE

X SR ALATST, BIE40V, 40 A, HiH
CuKa (1=1.540 56 A), HAHfiH K 2°/min, 4
FAE R 5°~80°,

{8 FL 2T AR G B VR TR S, SR A KBr
JE RTINS ] 400~4 000 cm™'

Yy R AR B R T, TS
RRAE S S o A fE SRS b, WE42 150 s J5 EAL
ML I H R 10~13 KV, BIEHL 3 10 pA,
BRI 70~110 Ko

Cell viability =
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X kOt HL eI ORI A AlKe X 5Tk,
&N 300 W, HASEE N 3x107 Pa.

Ji 77 5k GUBE B A A LA 1.54 pm, A )
0.2 nm, 2\ 0.1 nm,

PGS HEE . 0.05 nm, BUAESLIE:
F/4.2, HERE. £0.2 nm.

Zeta W17 : LS EGWH . 0~25 S/m; LR
JE: 0~60 kV/m; JEFEH]: -5~105°C, +0.1°C;
pHH: 6.8; FEMIKRL. 1~1.5ml; 43F8EEA: 1x
PBS FIDMEM §; 773,

1.4.10 HdEodr

SEEREE SR F O3 YOS Y SE s, SRS (EE
PRfEZ SR, B3 HT K F Graph Pad Prism Soft X
PEGEAT 200, A0 TR A Ge 3 43 B 2K one-
way ANOVA J7 1, P<0.05\ A BEMEES, M
*FoR, P<0.01 fEEI TP H**3RoR, P<0.001 7E & h
FH** IR

2 FHR51TR

21 SHAEHEEIH
K1 ~, RAPCHE Hummer s 4545 T & 4k

A7 805 . R H,0, I W 0, 75K AR 77 4R Y
BEAH M, RAA LT A G 801
# i GQDs. XRD Kl (&l 2a) WIR, A EH
20=28.44° (002) BYHF1E AT 5 0%, >R H et 1Y
Hummer’ s 32 2 4 H ISR, £E260=9.96° (001)
A AT BRI B AR AR AT B0 22 FTHIR OGS A
([ 2b) #E—4 R a Bt . 1258 S
BREM: 3 460 con™' y—OH (45 R 31 BT A2 g i
I 5 3 000~3 600 cm™ I £ [l PN B A9 R A e Sy Wi
MK A —OHIE; 1715em™ AEC — O
(R 4 R 3 06 5 1385 em™ S C—O i1 45 % g v
1150 em™ ) C—OH ff & R shig >, XPS fig 1% &l
(K 2¢) s, ClsfE284.8 eV Ab i3 sp? 241k i)
FRAEIE, 7£287.8 eVAREIFRIE (C = O) MIHFME
I 2o R (E2d) H11350cm™, 1590 cm’!
Ab LAY 5 B D AT G g, HL D/G K58 B N
0.83, FUIABAHAIL. WHIZE M EERLE, B
T AL 25 . SEM R AFM B B, Aibf
B R R (F2e, ), HIEREN0.8 nmAf7
(KS2), UiABLRA. 5B METEE S A
MG R (B D), 5 3CmkEE 09 )2 6 B AH

ﬂ@ﬁ [27-2{{O

Graphite oxide
Graphite W
RS, Hummer’s method W pyrge  EZ3iE
- N Steg ) FreseT &
CITELTOMI Y O O TXTL .
TORIS O M. Strip
GQDs
. t%i’
A2 . =
iy epgh 200°C 72 h
;.;..f;-_f::.\':-. ‘-‘{‘1.'.:'1 - e -
; = I Hydrothermal ~

Fig.1 Design scheme of graphene quantum dot synthesis

22 AEKBETRWEHTLERE ST

H,0, F1 W, O, i1k 7] (E1S1) 7E200°CHY 7K #4
KM, KR B EADIE DL GQDs
(F3), FT-IRGIESMHE (Fl3a) Bin: 1646 cm™
A AtRAALE (C = C) WRISUARH B isi55, 3 400 cm™
R EE (—OH) . 1725 em™ bRIE (C = 0) .
1426 cm™ bR (—COO) 11058 cm™ 4 C—0O
WIS I G b 0, RIS A SR M 24 —OH

FEAREYIRE, AR FEE R
T, RMEEFERZ, RGBT Zeta AL
(FS3), I HAERFERBIAEE T HA R
P (K S4, S5). HlE 3b fiis, GQDs 7E44M X
230~320 nm F I AR5 WA, W AR i 1T S i
Zal WX, Hrp 230 nm 4TI C — CHERY
-m*BKiE, 320 nm 4bJE T C = O ffal Al % H 3t
VB n-n*BRAE o S8R /N R 263 R B
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Fig. 2 Structure and morphology of graphene oxide
(a) XRD spectra; (b) FT-IR spectra; (¢) XPS spectra; (d) Raman spectra; (¢) SEM image; (f) AFM image.
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Fig. 3 Surface structure, fluorescence properties, transmission electron microscopy and high—resolution
Transmission electron microscopy images of graphene quantum dots (GQDs). (a) FT-IR spectra. (b) UV-visible spectra of GQDs (small figures show
the excitation and emission spectra of GQDs). (c) Emission spectra of GQDs at different excitation wavelengths. (d) Fluorescence lifetime spectra of
GQDs transmission electron microscopy images. (e) Transmission electron microscopy of GQDs and the particle size distributions. (f) High-
resolution transmission electron microscopy and diffracted light spots of GQDs.
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GQDs i1 & Y675 B~ 300~600 nm (& 3¢), A
SRR B 43 51 4 330 nm 1400 nm, GQDs %
P O DR A, X R I GQDs R IfIAF1E K
HERER, H GQDs FKifi A LB &, F= R
ML (5 FTIR R4 RS ,
FEIOC R ST IR LIRS, T H G R E Z
KSR = E AR H 3L Zigzag BT 5 GRS
P P Hadot HEam=1.67 ns (K3d). &5
BEEME (Kl 3e, ) 8, GQDsHRIFE KN A 3~
S5nm, ESTHEESTHRETIEMT AT UL (103) SA& I

Calcein

Control

100 mg/L

200 mg/L

300 mg/L

400 mg/L

500 mg/L

(d=0.208 nm) ¥,
23 AEKETRERAmMBEYE

B4 &, XBE40 . 100mg/L, 200 mg/L.
300 mg/L. 400 mg/L F1500 mg/L GQDs RAW264.7
4fi il Calcein Fl1 PI AL G 45 R Wy . GQDs # i
HARSNMREHEE. WK Safinm, ANREWRE
(100, 200, 300, 400, 500 mg/L) HYJ GQDs £f &
5 RAW264.7 41 i /E FH 24, 48, 72h J5, X
RAW264.7 41 A A7 15 SR AN R FR B2 s, H:
H, R SR 500 mg/L A GQDs A i 1 40 A7 R dwe

Merged

200 um

200 pm

Fig. 4 Invitro RAW264.7 cell live/dead staining images at different concentrations of GQDs
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&4 60% ZE45, 100, 200, 300, 400 mg/L ¥ f)
GQDs 5 RAW264.7 20 fifEH 72 h J5 , AHffILEAE %
30 90%. 86%. 74.6%. 67.6%., 5%} ZHAH
b, 22590 BEME L (P<0.000 1), CCK-83L5
45 5L i 7R RAW264.7 4l 4715 %5 GQDs 1k &
FIES [R] A7 W O OC 3R P, X — 25 R 5 3
R B9 452K NiO . Fe,O, F1 TiO, X [ 14 21 Jifd (1) 75
PEHLAE 3k B 500 mg/L [ GQDs &b FE A FE Sk
SRELA 60% A%, KW GQDs HA # = Y
YR ErE, HIN T GQDs K A £ & A EfE
(—COOH, —OHHIC = 0), {fiHZFm
HLfr, HAMRCERUT S A0V E R, 5 et ik
AZIAIMEPIER, AT T A AR S e
(ARG (2040
2.4 RIEEFITRAW264.740 A8 T8 220

WUAR 1 i A A A R B (81 5b) 452 1
7N, 200 mg/L A S84t O RAW264.7 i L Jd T
A4k, SXT IR (FS4), Q1 X AHLAK I
P4 EE A 0.34% EFHE]1.27% (FITC-/PI+), Q3
DX ) T 40 B o5 e DA 92.08% K %51 80.17% (FITC—/
PI-). i RAW264.7 i 0 £ 25 it s A AH B

1501 3 24h
48 h
Il 72h
X 10007 i il
=
E .
< =
=
3 50t
0
0 100 200 300 400 500
¢(GQD)/(mg-L™")
00020F ©
IL-1p
&35 00015} ok
7
0 <
20
5 2 0.0010F
z:
~ =
E 2 0.0005F o
Control LPS+INF-y GQDs

PI

YER, Q2 IX Ay HE I IRSE AN L 51 AN 0.65% L Tt 5]
2.14% (FITC+/PI+), Q4 X Ft) 3018 T 40 ffd Lt 491 A
0.65% [ T13]2.14% (FITC+PI-) ., WM 4000,
BT AR, AT RO EE S AT Y
YR AR SE AN T I AR MR 45, PLABNS 2 4
M A DNA H, JutafRRefs, ZnisOe ., 40
MEPIRIE 2, BH T AR O R

WK sc, difizs, SXFEZIFHEL, RT-gPCR
SR AR REXES . EREZH (LPS) + T4t
Fvy (INF-y) BRIBERT, RAW264.7 434
TNF-a /K FFRE, IF5 A4 N 2L RVER 2
5 K 4 RAW264.7 40 M B B 2% &= B, A *
RAW264.7 41 i 7= 4= IL-18 R AE N+, MiMiiFE S
RAW264.7 0BT . 254 CCK-8. FBIEYL(a . i
3 20 i F RT-qPCR Y SE 90 25 5, AT LAHERT, 4
GQDs ¥ & >200 mg/L i}, X A& 7N RAW264.7 4fi ffd
HAEKWHEIER, F22H T GQDs #iINF It A
RAW264.7 41fitd, H RAW264.7 B35 = TNF-o )
Fik, (AR AL RTF 7 A TL-1B 95 K+, 2l
57 RAW264.7 41 5 R A ML T2, S 3K
RAW264.7 ISET 194,

(b)
Control GQDs
{o10.34%) Q2(0.65%) 01(1.27% 02(2.14%)
% | o
<B <5
W~ e
o o
o- {. x oA 2y 2 .
{03(92.08%) Q4(5.94%) 04(16.42%)
0 10 108 108 0 ot 106 108
FITC-A FITC-A
Annexin V-FITC
0.08f @
TNF-a
~ sesiesk
Ag E 0.06
72 o
s <
a0
5 2 0.04F
sz
M ‘5 ek
g g 0.02
Control LPS+INF-y GQDs

Fig.5 Effects of GQDs on RAW264.7 cell viability, apoptosis and inflammatory factors
(a) Cell viability of GQDs at different concentrations and different time states. (b) Effect of 200 mg/L GQDs on apoptosis of RAW264.7 cells.
(c) Effect of 200 mg/L GQDs on the inflammatory factor IL-1B of RAW264.7 cells. (d) Effect of 200 mg/L GQDs on RAW264.7 TNF-a. **P<0.01 vs

control with significant difference. ***P<0.001 vs control with significant difference.
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2.5 GQDsTERAW?264.74H B A i A 15

T PEH GQDs F RS RAW264.7 4l ifd () B 14
AE 7, R I 5T B O A R A R
(CLSM) Wi %< RAW264.7 41 Jifl X} GQDs 1 45 HU 1%
i, Z5HANE 6a~e R . B4 )G, FIAH A
faf 1) GQDs i 33 N 77 1 A 2] RAW264.7 21 g 4 3
AT AR e SN, X — i R A A
25 L F RT-qPCR (1 52 55 25 JRAHPF Y o 408 nm G
BRI, GQDs 7ER AN RAW264.7 41 il 5
i HA SN SRR ST . R, AR T
(R FCIA PR T - (1) B BRI T o 2 5 1) 285

@ visible light Confocal

‘..
O\ Y

N\

A ETe g, 450 nm 1 & FHE K B T SR U A
REFEAK, HINGQDs KICHURML, Pt Hfn,
TEANAE RSy T B A — e R bRbE . T e BEE T
SR EAEENERER, KRBTSR
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RAW264.7 cells treated with GQDs in vitro.
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Study on Biocompatibility of Graphene Quantum Dots With
Macrophages in vitro”
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Abstract Objective GQDs has become a superstar among zero-dimensional carbon-based materials. As one
of the most abundant and important biological elements, its unique optical properties, high dispersion and
biocompatibility have attracted extensive attention from scientists. This paper aims to investigate the effect of
GQDs on cell viability, apoptosis and inflammatory factor expression in RAW264.7 macrophages and evaluate
cell imaging capability of GQDs in vitro, which could provide theoretical basis for the safe application of GQDs
in biomedical field. Methods Graphene oxide was prepared by modified Hummer’s method. H,0, and W ,,O,,
interacted with each other under hydrothermal conditions to produce hydroxyl radicals, which can cut graphene
oxide into GQDs using a top-down approach. The microstructure of GQDs was analyzed in detail by X-ray
powder diffraction, X-ray photoelectron spectroscopy, transmission electron microscopy, atomic force
microscopy, scanning electron microscopy and Fourier infrared transform. The biocompatibility of GQDs on
macrophage was evaluated by CCK-8 and dead/alive staining. Flow cytometry results showed the apoptosis of

RAW264.7 macrophages induced by GQDs. mRNA expression of inflammatory factors was evaluated by
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RT-gPCR. Cell imaging was exhibited by laser scanning confocal. Results Hydroxyl radicals are produced by
H,0, and W ;0,, under hydrothermal conditions, which contribute to cut graphene oxide into 3—5 nm GQDs in
one step. The quantum yield of this method is 43%. Fluorescence lifetime of these blue GQDs is 1.67 ns. The
Zigzag-type site and defect state of the triplet carbene radical lead to the excitation wavelength dependence of
GQDs, and the optimal excitation and emission wavelengths are 330 nm and 400 nm, respectively. The boundary
effect and amphiphilicity of quantum dots make GQDs possess abundant functional groups, vacancy defects and
high dispersion, which results in GQDs exhibits good water solubility. RAW264.7 macrophages are incubated
with different concentration in DEME medium for 24 h, 48 h and 72 h to evaluate cell. The survival rate of
RAW264.7 cells is significantly dependent on the concentration and time of GQDs. CCK-8 and dead/alive
staining show that GQDs have high biocompatibility. The effect of 200 mg/L GQDs on apoptosis of RAW?264.7
cells is revealed by the scatter plot of bivariate flow cytometry. Under the stimulation of LPS+INF-y, the
expression of TNF-a was increased in RAW264.7 cells, which co-acted with other cytokines to participate in the
immune response of RAW264.7 cells in vitro, and mediated the production of IL-1B inflammatory factor in
RAW264.7 cells, thereby inducing apoptosis of RAW264.7 cells. The results of RT-qPCR showed that GQDs can
inhibit the growth of RAW264.7 cells in vitro, and stimulate them to increase TNF-a expression in RAW264.7
cells, which make cell membrane rupture and produce IL-1p inflammatory factors to induce cell apoptosis. The
high biocompatibility of GQDs is attributed to the rich oxygen-containing functional groups (—COOH, —OH,
and C = O) on the surface of GQDs, which makes its surface negatively charged and easy to be swallowed into
the cell interior when interacting with the cell membrane with low affinity. Transmission electron microscopy
(TEM) observed that the GQDs were swallowed into the cells. Furthermore, laser confocal results displayed that
blue GQDs has certain ability of cell imaging in vitro. Conclusion The water solubility, low toxicity,
fluorescence properties and the induction effect of inflammatory factors of GQDs provide broad prospects for

their application in the field of immunotherapy and cell imaging in the future.
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