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WE HE TS NBER IR E S $E C60 Xf N-XU (2-F2RH) WA (DHPN) i
R I PR A A A A AT AR P X L o 7R SR A DHPN PRI 15 3 d 57K Bt g A
A, K 8 JEESIEYE Fisher 344 KEBHHLSY N 5 4l(n =15): DHPN+Veh 41 (0.2% DHPN+Xf
WD « DHPN+C60-L 2H (0.2% DHPN+250 pug/mL C60) - DHPN+C60-H #1 (0.2% DHPN+500
ng/mL C60) . DHPN 41 (0.2% DHPN) F1 C60-H 41 (IE#1R7K+500 ug/mL C60) . /K
457 0.2%DHPN, JAshEUed e, 2 f)E, RAAUENBERITTE, 4T ARWE R i
C60, 2 JWi% 19k, $£20 ¥k %520 W% 2 FJG, Goitiiiios Ol i) mkE
L BHEFRAN ESIAMLEIET RS s, 8 A HEYE Fisher 344 K HL43 Co0 Ab#E
A FIRTIRA (n=5) , RHKENBIEZH T, 44T 500 pg/mL [1E #)i C60 Bk IR
W, F2dmiE 1R, S e 1 IRWEER 6 h 5, FBUm, T WAL E B
C60 1) 534 LA B U it 2 2R b A B IR 7 B A 54 (SOD) \ 8-F& : i e S 1
(8-OHAG) . 4 F&&E. &R C60-H 4 ¥ A WML Mg 1)k 4 ; DHPN+C60-H
2Ll R 1 AR 2R L B H AR /N T DHPN+Veh 41 (P<0.05, P<0.001, P<0.05) Al DHPN
# (P<0.01, P<0.001,P<0.01) . 7E54MLEIWTEHIZN L, C60 AbEEZH SOD &5 8-
OHAG 7K T FIRHIx 4L (P<0.001 #10.001) , BEHEER. & SENBEM
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HETH: ZEEESHANF RIS IR SETE (45 : 201904b11020024)
fEE WA 5k ¢, &, WA,
trahni, 5, W, B, M4, @E1E#E, E-mail: xujiegou@ahmu.edu.cn



on DHPN-induced lung tumors
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Abstract Objective To investigate whether fullerene C60 administered by intratracheal spraying
promotes N-bis (2-hydroxypropyl) nitrosamine (DHPN) induced-lung tumor development and the
underlying mechanisms. Methods A rat lung tumor model was induced by the DHPN drinking
water method. Eight-week-old male Fisher 344 rats were randomly divided into 5 groups (n = 15):
DHPN+Veh group (0.2% DHPN + vehicle solution), DHPN+C60-L group (0.2% DHPN + 250 u
g/mL C60), DHPN+C60-H group (0.2% DHPN + 500 pg/mL C60), DHPN group (0.2% DHPN),
and C60-H group (normal drinking water + 500 pg/mL C60). 0.2% DHPN in drinking water was
given to initiate carcinogenesis, and 2 weeks later, different concentrations of fullerene C60 were
administered by intratracheal spraying every two weeks for a total of 20 times. Two weeks after the
last spraying, the incidence, number and size of lung tumors were statistically analyzed. In another
mechanism animal experiment, 8-week-old male Fisher rats were divided into two groups with 5
rats in each group: C60 group and the control vehicle group. 500 pg/mL C60 or the control vehicle
intratracheally sprayed every two days for a total of 5 times. Six hours after the last spraying, the
lungs were removed and used for observation of C60 distribution and for detection of SOD, 8-OHdG
and cytokines in lung tissues. Results No lung tumorigenesis was observed in the C60-H group;
the incidence, number and size of lung tumors in the DHPN+C60-H group were significantly higher
than those in the DHPN+Veh group (P < 0.05, P <0.001, P <0.05) and the DHPN group (P <0.01,
P < 0.001, P < 0.01), respectively. In additional animal experiments designed for mechanistic
investigation, the levels of SOD and 8-OHdG in the experimental group were markedly elevated
compared with the control group (both P < 0.001), with statistically significant differences.
Conclusion Intratracheal nebulization of high-concentration fullerene C60 promoted DHPN-
induced lung tumorigenesis; C60 led to an increase in reactive oxygen species (ROS) production,
thereby elevating the potential for gene mutation. This may represent one of the mechanisms
underlying C60-induced promotion of lung tumorigenesis.

Keywords fullerene C60; lung tumor; N-bis (2-hydroxypropyl) nitrosamine; intratracheal

spraying; fisher 344 Rats
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= #1# C60 (fullerene C60, C60) 2Bk - 2[R H A%, |2 H TR 7. JuREL
P, 7K A SRR 24 Ak VA A . N A 2 R P RSB I WO o B2 SR/ Bl A i A A AR L,
TEMG UG RBN R, il T C60 TUBAE AT R 0 S B MERIE IR EMET1, 24 C60
WEEIEE] 30 mg/m? IF, KB A 2 H 20 B S (1 0 A % 2 1k 28 RE AZH 2R 40 i g ol (HH
HIOGT C60 %2 J5 K AE VAR ELAE FI R BEPE RS U AT BRI =, Hxh il 2 23 ) 7 7 B0iee
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Fisher344 K, Mk, 8 %, ME HASRZL)I Charles River Z)4H 0o I FLL 4

& T L R 2ESE IS shAS FRIE % R 24 UE (452 20200173) - 5 mg C60 (3£ [E Sigma-Aldrich

D>

"]y B85 CN379646) EiFT 10 mL % 0.5%3EES 14387 Pluronic F68 (3E[H Sigma-
Aldrich A 7]; $8'%5: P5556) WIAEFE#E KA, SRJE AL SN (it Kinematica A F]; A
5 PT1600E) LA 3 000 r/min AFEE 1 min, ¥#), K& 4%, kK 500 pg/mL 1 C60 B -
NI B R A IRED 30 min, U/ C60 £
1.2 SEARE

AAE NI LA SCIRIEN AT . Fisher 344 KEREFRGEARIE T, R H AR E kL,
I NS N SIE 55 #4% (TA-1B 2, 32 Penn-century A w]) WiHER SN, 0.5
mL C60 2 BT RE VAV H o
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¥ 8 JAES I Fisher 344 KREEHL/ 404 5 4, 541 15 H: DHPN+Veh £ (0.2% DHPN+
SHBIEW) « DHPN+C60-L 4 (0.2% DHPN+250 pg/mL C60) . DHPN+C60-H 4 (0.2%
DHPN+500 pg/mL C60) « DHPN 41 (0.2% DHPN) fil C60-H 2l ( IE %7k 7K+500 pg/mL C60) .
YOKH4 T 0.2% DHPN, EaEvEdfE, 2 )G, RASEABIZ L, 4T ARKER
B Co0, B2 WIS 1R, 20 Wk 520 IRWEE 2 AR, gt ity (DHPN iS4
B rh 3 B A IR K ) B AR g BH AR/ BEE AR 2 G, BURH S, J5F
ARKGFLGetn, HFMER MR R A% B EHA . C60-H A% T DHPN, fUHi%
500 pg/mL C60, LAREE C60 & 75 A EUE o
1.4 SRS SOE S SN ) B aESh Py SR 5

V4 8 JEUSHEN: Fisher 344 KERFBEHL A 2 4, B2 5 R, C60 AbBEZH (C60 41D « <%

=

=
WWE 525 T 500 pg/mL & #)d C60 Wi; WAFIXTHEZH (Vehicle 41D : REHNWIZE 4 T5%
FARTHRIA W . B 2d W% 1R, SR &Ja 1L IRWEEM 6 h o, MU, ot A TR e
A B AL (superoxide dismutase, SOD) \ 8-F2 JE it 4 % 1 (8-Hydroxy-2'-deoxyguanosine,
8-OHAG) FlZ M fa[Rl 1, 73 il FH T2 232 WS Az S FRL A 7

1.5 SOD. 8-OHAG F4H ¥ fy i =&

B3R 1.4 35 R R T SOD. 8-OHAG A1 PR PR 75 o 27 2 R4 A
K4 DNA 70 Bl & (HARND A2 TR att, 1550 296-67701) 7p EHE K 4
DNA, #RJaRH 8-OHAG ELISA Wi & (HAZ AR 7L, 185 KOG-200SE) I
5E 8-OHAG /K. FIAHIER AN 1 mL & 1% (Vol/Vol) & ABFNHIF] (3£E Sigma-
Aldrich A7]; 525 $8820) HIZHLVE FAFEHAH (32E Thermo Fisher Scientific/Pierce 2
"y $E5: 785100 O, HAZISIIALEI SIS, PAJE/E 4 "Cy 10 000 r/min &0 5 min,
FEBRATEAR SR, SOD iE /A4 /K FIlE . HE&ENEH BCA™MEAE
#ij & (32 Thermo Fisher Scientific/Pierce A w; #1'5: 23227) #4T, SOD &1k H
ALY B AL BEAS AT & (3€[E Cayman Chemical A d]; 525 : 706002) 347, 11 F4l
Mo bR 7L 3% 4B & Cinterleukin, TL) -lo. TL-1B< TL-6 74 - [ 05 24 o 5 % il 38 K]
“F (granulocyte-macrophage colony-stimulating factor, GM-CSF) . ¥4 o £ 7% )i A

(granulocyte colony-stimulating factor, G-CSF) « MJRIAFEE F-0 (tumor necrosis factor-
o, TNF-a) . T#tZE-y (interferon-y, IFN-y) . IL-18. FZ4Hfa b H-1 (monocyte
chemoattractant protein-1, MCP-1) . EWE4HAE 2 fEH H-1 (macrophage inflammatory

protein-1, MIP-1) . AKAHIEILK (growth-related oncogene, GRO) , K 2 KAl
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KM SPSS 22.0 HAFBEAT Mo THE BRH RS S AR R K H AT AR . SOD., 8-
OHAG FI4HARIR F & &, LA X £ S EIR, RAIXUE Student’s T K560 : 8 & AR 2R 2 K o

P<0.05 NEFRHGIEE Lo

2 4R
2.1 C60 Xt DHPN 55 B i e & A2 BB el

DHPN 412023 r] LS 220 B 3 A i e A e S50 2, 18 1AL 1B 230 AR
M P i R i i I ZH R4 . E C60-H AL 4R M2 3] iR AF, K C60 H
WA RE S Ml kg A A

A B
1 ARREME  *x200
Fig.1 Representative lung tumors X200
A: Pulmonary adenoma; B: Pulmonary adenocarcinoma
AT LR e A 2R, 25 R 2 BT, DHPN+C60-H 2 Frfi il i 2B 221K 21 100%,
f& T DHPN+C60-L 4 (53.3%, P=0.01333) . DHPN+Veh 4 (53.3%, P=0.01333) #l DHPN

‘H (40.0%, P=0.000 24) . C60-H ZH s A2 H 0.,
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Fig.2 Incidence rate of lung tumors
*P <0.05 vs DHPN+C60-H group; **P <0.001 vs DHPN group.

3 — A I A 2 KRR P B TR ¥ i R T AR AN H - 45503k 1 s, DHPN+C60-
H 41l g i % B i B v T DHPN+Veh 41 (P=0.000 11+ 0.010 1) Al DHPN 41
(P=0.000 48. 0.003 7) . DHPN-+C60-L ZHilijied i) % H AT A1 5 DHPN+Veh ZH#1 DHPN
HERTGV RS LRSS RIS, IR R A2 BOH AN, SRk

)i C60 FFEMLHE T DHPN 5 & Kt 1 4 2E

x1 BB EMER (X+s)

Tab.1 Number and area of lung tumors (X £ S)

Group Number per cm’ of pulmonary Area (mm®/cm’” pulmonary tissue)
tissue

DHPN+Veh 10+1.3 1527
DHPN+C60-L 14+1.6 3.1+6.3
DHPN+C60-H 4.0£1.97 764617
DHPN 0.4+0.7 0.6+1.3
C60-H 0+0 0+0

: "P<0.05, " P <0.001 vs DHPN+C60-H group; P <0.01, #*P <0.001 vs DHPN group.



2.2 C60 Xt DHPN 55 B vy A bR A o e FO S il
SR B R FOR ARSI TR ()5, S LUER B MR R AR, SRER,
C60-H K E B A A JUE R AR IR, 175 R % DHPN 5 T 2HL35 45 B I fee 30 A
RIS IRI R A o R R A T R AT (MCC) B AT 4 (TCC) A1'E 41 s
(RCC) , TEHUIRMR T ZOATEMIANMIR A . L% DHPN 25T 20 55 I i 0 T FFUR B e 80
RAEZR VRN E RGO E L (R 2) o FIRGERER C60 HF % DHPN
ORI TSR0 AT ORI B T AR AR Y, (500 DHPN 5 % 1 i i e A3 (2t

R2 BEREMBEAFRERME (Xts)

Tab.2 Renal tumors and thyroid tumors (X £S)

Renal neoplasm Thyroid neoplasm
Numbe Numbe
Group Incidence Incidence
r per Pathology r per Pathology
(%) (%)
rat rat
DHPN+Veh 549419 60.0 Mesenchym 1 6+1.0 90.0
al cell
DHPN+C60-L g.08 60.0 carcinoma 56,05 80.0
(MCC), Follicular cell
DHPN+C60- transitional adenoma
1.1+11 714 cell 3.2+2.3 83.3 and
H carcinoma adenocarcin
TCCO), oma
DHPN 1.0+0.7 80.0 (T€E) 1.9+1.0 80.0
renal cell
carcinoma
Ce0-H 0.0£0.0 0 (RCC) 0.0£0.0 0

2.3 EEE Co0 FEFMILALR A IKI3AR B S R B

T Co0 B FE LI R EIR, SEFIXIRA (B 3A) Mk, C60 HH (4T 500
ng/mL [ E i C60) [¥— A2 1Ak /2 51 i K DA E WA M = 1 e e =, HL
i E RGN R AR, WE KEFEWER Co0 ikl (K 3B) . &4 i githiFst 7
Wi 4T A P A5 K1 C60 kL (J& 3C) o kgt 53 Y A% Mg 40 M 5ok 4 KA RL BLAT 5
W /E AR T -
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Fig.3 Morphological images of alveolar macrophages phagocytosing C60
A: HE staining of control solution-treated lung tissue  x400; B: HE staining of C60-treated

lung tissue  x400; C: TEM image of C60-treated lung tissue X 10 000.

2.4 C60 FFEXT i LLLR o i 40 o R 7 7= A2 s
K Multiplex Suspension Array I i ZH 2 #2 h 5 E R A ARAG DG 11 Pt i R -1
P, AR RmER 3. SRER, 11 FgE 73R AR Co0 Ab3H B A i
AR, R IX LEA L R E C60 i3k I iR R R P A B
®3 MARMRBRTOAEETEE (pgmg A, X£s)

Tab.3 Cytokine contents in lung tissue extract (pg/mg protein, X £S)

Cytokine Vehicle group C60 group
GM-CSF 11.07£9.29 29.92+37.91
G-CSF 0.92+0.14 0.98+0.18
IL-1a 53.52+12.07 63.80+27.82
IL-1B 29.534+24.68 23.12+11.61

IL-6 47.40+74.47 34.36+29.33



TNF-a 3.35£2.90 4.16+5.42

INF-y 1.40+0.23 1.77+0.54
IL-18 888.20+348.55 1 116.87+224.73
MCP-1 58.02+63.73 32.25+30.84
MIP-1 15.62+7.88 16.11+3.53
GRO 381.32+184.05 400.87+166.16

2.5 C60 XA Zi% SOD Al 8-OHAG HIFZ M
T BRI 2 23R SOD ¥% 77, 453 Eor, C60 AbFEZH SOD i 4 i TV 75 % e 2H

(P<<0.001) , #2/~ C60 BFn[iFSIMAL P HEE FA RN, WK 4.

Bl 4 fBHHAH SOD S
Fig.4 SOD activity in lung tissue

EELS

a: Vehicle group; b: C60 group; ~ P <0.001 vs Vehicle group.
B ELISA £z 2 8-OHdG HI/KF, 4578, C60 A4l 8-OHdG /K-t
XTI (P<<0.001) , #2718 Co0 ALFE 2 FEFRIE A thIL £ g N, #im 51 & DNA %k

ifi. WA 5.
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Fig.5 8-OHdG level in lung tissue

Hockok

a: Vehicle group; b: C60 group; “*P <0.001 vs Vehicle group.
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FIURL o X — IR AN ENIE " i 6 s 40 6 £ g i 08 455 o JRBOASE 12 S 470 2 7 AT LA ) 22 A
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