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Abstract: Objective To screen for the most effective antimicrobial carbon dots from the traditional Chinese medicines Baiji (Bletilla
striata), Cili (Rosa roxburghii), Lingzhi (Ganoderma lucidum) and Tianma (Gastrodia elata), and to systematically investigate the
physicochemical properties, photothermal performance, antibacterial activity and mechanism of manganese-doped G. lucidum carbon
dots (Mn-GLCDs). Methods Four kinds of herbal carbon dots derived from B. striata, R. roxburghii, G. lucidum and G. elata were
prepared by a conventional hydrothermal method. The carbon dots with optimal antibacterial activity were screened out, and the
morphology, structure and in vitro photothermal performance of the manganese-doped carbon dots were characterized. The antibacterial
performance against Staphylococcus aureus and Escherichia coli under near-infrared (NIR) irradiation was evaluated through zone of
inhibition assays, bacterial co-culture experiments, and biofilm inhibition and disruption tests. The antibacterial mechanism was
preliminarily investigated by intracellular active oxygen fluorescence detection using a DCFH-DA probe. Biosafety was assessed by
hemolysis assay and cytotoxicity test. Intracellular reactive oxygen species (ROS) fluorescence measurement using the 2',7'-
dichlorodihydrofluorescein diacetate (DCFH-DA) probe was adopted to preliminarily elucidate its antibacterial mechanism. Hemolysis
assays and cytotoxicity evaluations were conducted to verify their biological safety. Results GLCDs possessed remarkably stronger
antibacterial activity than carbon dots prepared from B. striata, R. roxburghii and G. elata carbon dots. Mn-GLCDs had a particle size
of approximately 5 nm, and their surfaces were rich in hydrophilic functional groups including -OH, -NHz, C=0, C-N-C and C-O-C.
X-ray photoelectron spectroscopy (XPS) and inductively coupled plasma mass spectrometry (ICP-MS) confirmed that the mass fraction
of Mn?* reached 0.83%, and Mn?* was stably present in the carbon dot framework in a coordinated form. The red shift of the UV-Vis
absorption peak and the Raman Ip/Ig > 1 indicated that Mn?* doping narrowed the bandgap and increased the density of structural
defects. Photothermal performance evaluation showed that Mn-GLCDs could rapidly heat up under 808 nm laser irradiation (1.5
W/cm?), with a photothermal conversion efficiency of 35.03%. The maximum temperature fluctuation in six cycles of heating-cooling
stability test was less than 6%, indicating good photothermal stability. Fluorescence performance test showed a fluorescence quantum
yield of 20.51% and excitation-dependent fluorescence emission. /n vitro antibacterial experiments demonstrated that, compared with
undoped G. lucidum carbon dots, Mn-GLCDs exhibited the strongest antibacterial effect against S. aureus and E. coli under near-
infrared irradiation, and could significantly inhibit and disrupt bacterial biofilms. Intracellular active oxygen detection showed that
upon near-infrared irradiation, Mn-GLCDs elevated the active oxygen levels in S. aureus and E. coli to 6.75-fold and 5.44-fold of the
negative control group, respectively. Biosafety evaluation showed that the hemolysis rate of Mn-GLCDs was below 5% within the
antibacterial concentration range, and Mn-GLCDs exhibited no obvious toxicity to L929 and RAW264.7 cells. Conclusion This study
constructs for the first time Mn-GLCDs, which significantly enhance the photothermal conversion capability and antibacterial activity.
The mechanism is related to the induction of intracellular active oxygen. This work provides an experimental basis for the development
of novel traditional Chinese medicine-based nanoscale antibacterial agents.
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photothermal properties; bacterial biofilms; Bletilla striata (Thunb.) Reichb. f.; Rosa roxburghii Tratt.; Gastrodia elata Bl
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Fig. 1 Antibacterial zone diagrams of four herbal carbon dots against S. aureus and E. coli
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Fig. 10 Fluorescence emission spectra of Mn-GLCDs at excitation wavelengths of 300—390 nm (A) and 400—490 nm (B)
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Fig. 11 Thermal images of PBS, GLCDs and Mn-GLCDs under 808 nm laser irradiation
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Fig. 12 Temperature profiles of PBS, GLCDs and Mn- . B SGREZE 0=T—Tuw, HH, T HEHR

GLCDs under 808 nm laser irradiation Ef, Tamb jﬂ%iﬁﬁ%}go *F %/El]zjl\ B Ino '—3 ETJ l“ﬂ t AT



PED 20265£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

LANEE, SRR b, WIECAR TR 2 (o) =—1/k.
FRYE A A M B HE, ha=mClrs, Hh, m ERR
&, C KM [4.186 81/(gC) ]

Mn-GLCDs 7E 808 nm AL G E (Agoes) 13
SAh-1] WAy LTI E - PBS 7RO RRSS T 1L
WOTHR (Quais) #& FTHH: Qais=ha X (Tmaxpss —
Tamb)> FeH, Twaxpns N PBS ZEMOGRR S T 1) & i T
. n A (D THE

1= [ha(Timax— Tamb) — Qais]/[I(1 —1074)] (D
T JIRER IR BRIRLIE, T NBOGTIER

P B Ing-r B MERL G 25 R 13 Fow, 13
F| Y=-0.0029 X+3.107 3, HARE k=-0.002957",
MHRZRE R2=0.996 9, FIIEIE TG 8L RN
. 1HEAS 1=344.8s, ha=12.18 mW/C . Jl|#3 Mn-
GLCDs fE 808 nm 4t [ Agos=2.475. PBS ] Quis=
2436 mW. fRA AN (1) 11515 Mn-GLCDs [ =

35.03%.

329
i
3.0 1

2.8 1

Ing

2.6 1

2.4 1

22 T T 1
0 100 200 300
t/s
13 Mn-GLCDs FERMER Ing-r LIS %k
Fig. 13 Linear fit of Inf-¢ curve during cooling phase of
Mn-GLCDs

233 fEHTHERE NS B 800 ug/mL [ Mn-
GLCDs % 1 mL, f#H 808 nm BOLaE (ThEw
1.5 W/em?) JEE 10 min, 1C3IR AL . 210,
R ARSI ERE. EE B A 75
W6 W, IFEBRMEA M ERE, LY Mn-
GLCDs feidesett, R uWE 14 Fis, SRTE
PR I R 2 590A 50.24 50,7+ 50.9. 52.7. 53.1.
523 C, WENEE/NT 6%, THEMEREAELS,

45K, Mn-GLCDs 7E 2 IRBOL RS T REIRKF
FesE e THRAE /1, BA RIFI e A mr
S

24 IEMERETEMN

241 WEBHGHE KHeEOmERES K
FrE R RIZE, 37 CHiFR 18 h Jg5, BEEUREES

* 5061 +
60 7
50 1
o 40
b
»HE 30-1
20
10 Ll L) L] Ll L] Ll 1
24 48 72

t/min
14 Mn-GLCDs 7£ 6 XN #-4EMEFRch iR B 25 1k sk
Fig. 14 Temperature profile of Mn-GLCDs during six
heating-cooling cycles

5 mL LB W{AE; 775, 37 "C. 220 r/min JR¥% 5%
EREERK Y] (4e00~0.6), F] PBS FilEZ 1X10°
CFU/mL.

242 MEEWRNE RHAAESY BOENE T
Mn-GLCDs % K Ji7 #F 1 A1 4 9 €07 %7 2K 1 10 $0
ER .. F L BY¥pAmte, ¥ 500 uL HIB B (1X10°
CFU/mL), ¥1513A5 | LB & 7= B ig 0 & 4474 L.
AP ER AN BN, BRIR IR KEE &R (25 pg/mL)
NBH T AL . SE3&2H N GLCDs. Mn-GLCDs, 808
nm FOGRRSS 10 min (DIFREFEA 1.5 Wiem? 800G
AREED . FAEM (WE 7 mm) HELE LB [
R IR EEATAT AL, R FLHIN 100 pL AR SE
Woresh, HBRREZMN 37 CHREIRESEFRFEH
9% 18 h, WEIFIEADE B ) EAL . RPN
3 M TATSEEG, A5 15 MK 1 Fis. EMER

a-ZS N EAH; b-BHMEXTEZH; c-GLCDs #4H: d-GLCDs+NIR 4H;
e-Mn-GLCDs 2H; f-Mn-GLCDs~+NIR 4.

a-blank control group; b-positive control group; c-GLCDs group; d-
GLCDs + NIR group; e-Mn-GLCDs group; f-Mn-GLCDs + NIR
group.
E 15 Mn-GLCDs EHBHEKE (A) MABITE

B) HHIERE
Fig. 15 Antibacterial zones of Mn-GLCDs against S.
aureus (A) and E. coli (B)
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*1 AELEAER 2 HERNITEEEREES (X+5,
n=3)
Table 1 Comparison of diameters of inhibition zones

produced by two strains in different experimental groups

(Xxs,n=3)
5 015 Pl 5 42/ mm

SR E R KB
ESl=PugiE 7.00£0.00"" 7.00%0.00
EREFOpiS 23.00+0.17""" 16.17+0.57""
GLCDs 8.33£0.33 8.06+0.71
GLCDs+NIR 11.894+0.35" 9.10£0.48
Mn-GLCDs 14.894+0.39"" 9.56+0.48"
Mn-GLCDs+NIR 21.1940.52"* 12.694+0.45""

5 GLCDs 4Ebi: *P<<0.05 *“P<0.001.
*P<0.05 "P<0.001 vs GLCDs group.

EIKE T, GLCDs. Mn-GLCDs. GLCDs+NIR . Mn-
GLCDs+NIR X 4 9 €007 % BK B 14471 14 el L A2
SN (8.33+£0.33). (14.89+0.39). (11.89+
0.35). (21.19+0.52) mm, X} KHgAT B 190 5 Pl
HZE2HN (8.06£0.71). (9.56+0.48). (9.10+
0.48). (12.69+0.45) mm.

¥ 2 FhSZEG bR, GLCDs #I5 B#5% Mn-
GLCDs /N, R E 7 HI5 2 A B s /e .
Bt 4b, GLCDs+NIR fil Mn-GLCDs+NIR F#f!
AR GLCDs Ml Mn-GLCDs 17 F8] 2 B 5538
5, B DR B AN AT BRI (EH . 7E NIR
R T, Mn-GLCDs+NIR J& 3L fe o 1 48 B
X R T A FERN B E R . L2 TR, R
IR GLCDs RIS 4 fe /1, &M
GLCDs H & [ I RN AR .
243 M@E LI FRLE  NFEH GLCDs. Mn-
GLCDs FIHME R, B 15 mL &0 35 2
mL LB W% 55553, 100 uL B LA &% 100 pL GLCDs
8{ Mn-GLCDs. LA 808 nm OGRS 10 min (Th&E
W 1.5 Wem? BUBOE AR . LR Z5 R FR 1)
PBS fE X R . BEJG, e CE TR REIR, 1R
37 °C. 220 r/min M4 FRGIEFE 24 h, B R B
FiRE 1000 155, BORBEES S IRRAE B R PR |,
37 CHigf 18h, HEEEH. AN (2) €&
PR BB R

P B 2 = (X TR AL A4 1 5 — S 0 AL A e )/ 0T TR
ZH 2 i 2

SR 16 frax. 1EBA NIR GRS AL
T, XTREZHA GLCDs ZH#R I H i 22 I HT B R -

GLCDs 2H % 4 38 €00 7] %) BR 18 1K W+ B 1R e 7 20K
KA (19.03+3.74) %, (20.55%2.53) %. Mn-
GLCDs AT G2 5T GLCDs 4, {5
B Kor BB TR, N 4 R 45 BR B A K A AT B
YU RS 3N (69.29+1.55)%- (87.17£0.19)%.
£ NIR JGIBST R, GLCDs X 4 i (0 4 BR 18 1
EBAEACE N (55.58+£2.62) %, X KM@K E
EANENCER (40.54+1.68) %. £ Mn-GLCDs+NIR
W, LTI WEEE B AT D PR 4 B 60 2 BR 1R A1 K
AT BB TR, RIAPURH AR 100%. 455K,
7E NIR YelES N, Mn-GLCDs FIHUH R E % 11
i, Ho b NIR OB/ 5 3G 5 10 6 AR [F) 0 e
VE 2 31
2.4.4 YA AR IR SEIG K 4 AR & BR
PRI A B R NI B8 1 X107 CFU/mL, Z )5
B HPEMT 24 FUMCF, 37 CHEFE 24h, TERURZA
(AP o FEAE VRIS, 1) 24 FLARF I
600 pL W, ZJE5r A 300 pL 25 LB #53%
# (). GLCDs. Mn-GLCDs, ## 808 nm
He(CTHZFETE 1.5 Wiem? BB ARSI E 10 min.
4 3 ANEIL. 37 CHFRFE 24 he WE)E, FF
W, PBS BEEk 3K, KT, 1%45 5444 30 min,
PBS JEik 3 %, AT, M. SRIEIA 95% L%
fiRgh S, FHBEAR N 52 570 nm ARG RE (4D
. EYEANHIZE (biofilm inhibition rate, BIR) %
AR 3 HE.

BIR = 4H A {8 — S0 A ()% 4L 4 14

3

ZERE 17 FISR 2 FR, 1EAYIIEIE B ]
SEEG A, X T4 v 0 2 BR 1 ALK AT R, GLCDs.
Mn-GLCDs 5 GLCDs+NIR. Mn-GLCDs-+NIR 41
PRI ARV I« o, Mn-GLCDs+
NIR HAMHE e, T4 (0 2 2K AR
I BIR 20508 (62.4242.04) %F1 (49.59+
0.26) %, ¥WEREmTHAR 3 H. HAEEKE,
Mn?* )45 25 KR FE 4 51 1 %) 4 3 €607 28] BR A 1 400
HIMEH, AH#T GLCDs 41 (5.53+2.13) %M BIR,
Mn-GLCDs ] BIR #2721 (32.1443.23) %. Ktk
A, M2 S556EImA, BERF T GLCDs Xt
4 B AR DI B AR

TEAED IR IR S0 K A A PR 23 )
5[ LB 55373 . GLCDs 1 Mn-GLCDs ¥& L0 &
48 h, FFX'E 808 nm Wt (ThEHERE 1.5 W/iem?)
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Mn-GLCDs

WO R HOEIEg
SRR R

£l 16 AFEIE 18 h FHAEEZE%

Fig. 16 Images of bacterial colonies 18 h after different treatments

A B
X

Mn-GLCDs

BOLA A HOL IS BOLA A HOLIE AT BOLA A B AT BOCA A B s

A BRI A4 A MBI

E 17 Mn-GLCDs & EREBEBIKE (A) FABHE B) EMRAIIFIFEIIMER
Fig. 17 Inhibitory and destructive effects of Mn-GLCDs on biofilms of S. aureus (A) and E. coli (B)

E 10min. WE G, FE, PBS ¥ 3 X, KT,  rate, BDR) #ZHARK (4) i1H.

1%@E YLt 30 min, PBS Pk 3 WK, AT, A BDR =[x f 4 (AR 4 A0 B e SR W) A [ — S 4
Mo SRIEIIN 95% L BEIAfREE R, FIBEFMXNE AV 4 8 4

570 nm AL 4 {8 - ZEVIRE A R (biofilm destruction LR 17 AR 2 Froas, X T OB R
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# 2 Mn-GLCDs ¥ &R EBHEKEMAMTEEYENIIFIFHEIFMER (X+s,n=3)
Table 2 Inhibitory and destructive effects of Mn-GLCDs on biofilms of S. aureus and E. coli (X + s, n=13)
15 BIR/% BDR/%
] S ORI E BRI KB NG EAEO ] K
o HE 0 0 0 0
GLCDs 5.53+2.13 21.37£0.21 2.94+0.79 44.33£0.08
GLCDs+NIR 6.55+0.99 35.24+1.52™" 28.01+0.41"" 62.08+0.33™"
Mn-GLCDs 32.14+3.23™ 41.46+0.56"" 43.26+0.44™" 66.40+1.47™"

Mn-GLCDs+NIR 62.42+2.04™"##

49.5940.26""###

63.79 006" 76.2610.36™#

5 GLCDs #tb#:: " P<<0.001; 5 Mn-GLCDs ZHELH: ##P<<0.001.
"*P <0.001 vs GLCDs group; #*P < 0.001 vs Mn-GLCDs group.

AR, XS R T AR YIS BR AR . RO ERIY
GLCDs ZH % 4 0 €00 7] 4 BR B A AR VI LT TG i B
Y [BDR A (2.94+0.79) %1, Xt KBAT i ik
AR SRR /1, BDR WA (4433 +
0.08) %. X Ta B & Bk, JooLH 4 BDR H
GLCDs 411#) (2.9440.79) %% %] Mn-GLCDs %
1) (43.261+0.44) %, RERE T 13.7 5. HRA
i) BDR t2H1 GLCDs+NIR ] (28.01+0.41) %
= %] Mn-GLCDs+NIR 20/ (63.7940.06) %, &
0 1.28 f5. X TR # ) BDR, Mn-GLCDs
4H. GLCDs+NIR %1 /% Mn-GLCDs~+NIR 202351 /9
(6640 +1.47) %. (62.08+0.33) %A (76.26+
0.36) %. fE R HE AV IR RE /7710, Mn-
GLCDs #15 GLCDs+NIR ZHAffERE /7L T4,
{H NIR HOGRIMN, R e T RERE /.
24.5 A AEMEUKERI RA DCFH-DA %
HIREHEAI Mn-GLCDs Bt A NIR 6 R S5 4 %
U A BR B R R AT T PN 3 M KPR s . i
WREFRIGNEE, 4208 1 0 100 B30t LB 95,
37 ‘C. 220 t/min G IGIRBXNHAKI (oo™~
0.5~0.6). WHEEW, 6000 /min &> 5min, F
B, FMJCHE PBS $iik 2 Ik, #HET PBS 1, 1%
As00=0.2 (£] 1 X108 CFU/mL). H_F iR B 705
% 1.5 mL BWEOET, M8 500 pL, ralinA
SRR PBS (%5 EXFE ). GLCDs B{ Mn-GLCDs,
[ I 15 B B PR R 2 (2R FE 1 mmol/L H,02). 4%
HT 37 CHOGITE 30 min J&, 808 nm OGS
10 min (ZFRZEFEN 1.5 Wem? BEEOEA RS . 1]
WEERE, %ET 4 C. 6000 r/min .0 5 min,
7= E3E, A 500 uL 10 pmol/L DCFH-DA TAE¥K,
HEAME, 37 CELIFE 30 min, FFH 5, 6 000
t/min £5.0> 5min, 3 E3E, A PBS Pilk 2 Ik, HE
F 200 uL PBS . HX 100 pL F B # & B 96

FUm, iR CBUR K 488 nm, KAt
PK 525 nm) ME SFLRNIRE . FELS pl &
WO T, EE R E A, THRCEME U
SHMTEEG . BHRE 3 AR, LRI ER
3 Mo ARV ZOEIRE (e RAE—1 R
1.00) FoR. RWFER 3 P, X T4 m OHE R
B, GLCDs H¥HomE AT AR AN (1.46+
0.10) f5, 52 A AL G B 2% 5% - GLCDs+
NIR A P3G HEEKCE e A I & (2.514£0.04)
f5, WFET GLCDs 41 (P<0.05), #*H NIR )
HESR AT 39 58 GLCDs B3E 14 %15 568 /1 - Mn-GLCDs
H(3.45£0.13) 1% 18931 KT 2.3 = T GLCDs
H (P<0.001), KHEETHBRG T2 1%
M. Mn-GLCDs+NIR 48 (6.75+0.41) %, &
F & T GLCDs 41, Mn-GLCDs #H 4l GLCDs+NIR
H (P<0.001), SPBHMEMRATLEEZS . MTK
Wk, RS SO EERE . GLCDs
H [(1.32£0.13) 5] 5TANBILEREEZER.

®3 TRALBEEEMEHSKTEHEEBER (X5,

n=3)
Table 3 Microplate reader quantification of intracellular

active oxygen levels in bacteria following different

treatments (X £ s, n =3)

1 AR ¢ S
&P O BRI K
XTI 1.00£0.00 1.00£0.00
[EREFaiicl 7.47+0.82" 6.47+0.10""
GLCDs 1.46+0.10 1.32+0.13
GLCDs+NIR 2.5140.04" 1.59+0.06
Mn-GLCDs 3.45+0.13"* 3.504+0.07"*

Mn-GLCDs+NIR 6.75£0.417 5444068

5 GLCDs 4lH%: *P<0.05 *P<0.001; 5 Mn-GLCDs 41t
B #p<0.001,

*P<0.05 **P<0.001 vs GLCDs group; **P <0.001 vs Mn-GLCDs
group.
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GLCDs+NIR 41 [(1.59+0.06) 1] (fiF KT
& =T GLCDs 24H. Mn-GLCDs 41 [(3.50+0.07)
5] B2& & T GLCDs 41 (P<<0.001). Mn-GLCDs+
NIR 4 [(5.4440.68) fi5 ] &% =T Mn-GLCDs 41
F1 GLCDs+NIR 21 (P<0.001),

e AR i — 2D WA [ b B 5 4 18 A
BRI B NIRRT, 45 B SRR CE
HitaH 8. SR 18 Frr, &GO EERE S
KGO R ZE LT v W 5% PR
MR RIS a5, ElH GLCDs 4

ERES N

PEIETES, SR RETC B2 R GLCDs+NIR
AT ULES F P SRR I 4 . Mn-GLCDs 4H7E
TS T R Bon hSEsR B 4R 08, R M
SRHMEY . Mn-GLCDs+NIR ZH7% % it A5R 51,
EIHEARKER K. FRGREY, Mn-GLCDs Bt&
NIR Y B AT 3 3007 S A WIS PR R, X2
NER RSN OB Sy I R

2.5 Mn-GLCDs B& & M40

251  MUBAHETEPHY B SD B KR, A=
250~300g, DL 2%KELLZANRRIR G, 4083 sk

IR

KIFF

Mn-GLCDs Mn-GLCDs—+NIR

GLCDs+NIR
B 18 FOLRMHRUEARLEBEAEFIELEEKT (X40)

Fig. 18 Fluorescence microscopy observation of intracellular reactive oxygen species levels in bacteria after different

treatments (x 40)

KM, PA3.8%FTFAREREN (11 9) Hikt. Byuktssi
PL 3 000 r/min, 250 10 min, FEIMF R AREE,
UUVE 2040 M FH AR B 3R /KPR 2 B3 OE A
WOk Je i SRR 2, AR B KA RE 2 2%40
YHH B . A5 FREL Mn-GLCDs, i A= B 2h /K Wi e
B3 FREWKRZ N 2.0000. 1.000 0. 0.5000. 0.250 0.
0.125 0~ 0.062 5. 0 mg/mL [ RFIFE R, LA 0 mg/mL
VERBIMEX AL, SRR BH T R . 7E36H 0.5
mL 2L 2 mL EP &R, 05 0.5 mL
AR i BV FE ) Mn-GLCDs ¥ 7R 15 2IRE 5, K5 FE i
£ 37 C+ 100 r/min B 2544 FHEHE 30 min. 4 C.
3 000 r/min, 250> 10 min, YWHERRAFE S EIER,
FHEE 3 MNESL. FIERASAHE, HSllEA
7] Jif B K FE ) Mn-GLCDs+PBS K 4 1f, A%
WAGBETH. HEEFRGR I B RAERK 540
nm ALK A fH. EMREEAL (5 1.

WIMHE=Ap—Ads—An)(An—An) (5
ARSI A, A SR B A, A w WL 4
fH, 4wAFTEH A H

LR 19 FK 4 Fros, FHPEXTREZE (4lizkO
EEAREM R 100%4L4), BHEXRA

L¢3 ™ 2.0000 1.0000 0.5000 0.2500 0.1250 0.062 5
ot B Xt iR Mn-GLCDs/(mg-mL™")

19 FREIFREKE Mn-GLCDs T4 4BAf#97% [ &
Fig. 19 Haemolysis profile of erythrocytes exposed to Mn-

A REEARE S
[ e ® o
B4 FH

GLCDs at different concentrations

#4 T EFRERE Mn-GLCDs X4 AT MR
(X+ts,n=3)
Table 4 Haemolysis rates of erythrocytes at different mass
concentrations of Mn-GLCDs (X + s, n=3)

251 JF B E /(mg-mL ™) TR/ %
I 1 5o R - 0.12+0.14
SRR - 100.49+2.29
Mn-GLCDs 0.062 5 0.59+0.32
0.1250 1.54+0.43
0.250 0 1.28+0.15
0.500 0 0.7240.81
1.000 0 0.621+0.33
2.000 0 0.0240.21
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LK) WIMLFAET 2%, FFasLim R, ARG E
W EE Mn-GLCDs (0.062 5~2.000 0 mg/mL) AbFE4T
Y )E, EIMRBET 5%. 4558 %£H, Mn-GLCDs
FESCIG T B EEVE I N B B A s, R AR
U () VB 2 1

252 diffuzz v RH CCK-8 ¥:7FHr Mn-
GLCDs % /N R A AR (L929) F/)s bR B W 4H i
(RAW264.7) [I4IMEEYE. HAE % T5 10%/h24F
1MyE (fetal bovine serum, FBS) fl 1%5H & & -4 5
EH) 1640 B353E (1L929) B DMEM =ity it
(RAW264.7) 1, BT 37 C. 5%CO, 53558 b
FAEAR . HON BE KA, JRRAEH 10 ] 4
Mo B, CAREFL 1 X104 AN (L929) BE 8 X 10°
Yl (RAW264.7) H:F0T 96 FLIR, 357% 24 h Z 4
JONGEE . FE2IAREFREE, AN RVIA[F] 5T E
J£ (2.000 0~ 1.000 0. 0.500 0~ 0.250 0. 0.125 0-
0.0625. 0mg/mL) (% Mn-GLCDs ¥ W 1) 37 1%
A, BANRERE R 3 ANESL. RN AT
MR CRACERGHM, a2 FBH P R
(% 10% DMSO 35773 . Nz jE 4uia s 7% 24 h,
fFLIIAN 10 WL CCK-8 ¥, 37 CH¥E 1~2h, H
BEAR G E 450 nm &b 4 {B, SLIOMSZEE 3 IR, 1%
A (6 THEMBAFER. RNES frr, A
A Jii K E Mn-GLCDs 4bHE 1929 F1 RAW264.7 4]
Hl 24 h J5, 1929 4Hi5 RAW264.7 EMELNAEIE 71
BT 80%. SIAMEXTRGAA L, & REik g4
TREER, PR RELH, Mn-GLCDs fEMH A
RO IR EET 0 R AT 4R A £929 AT E IR RAW
264.7 ¥ICH R E, B R %4k,
#=5 AT ERERE Mn-GLCDs Xf L929 X RAW264.7 £

FESERMEN (X£s,n=3)
Table 5 Effect of different mass concentrations of Mn-
GLCDs on survival rate of L929 and RAW264.7 cells

(X*s,n=3)
3 JREIRE/ HHIRAFTE 2/ %
(mgmL™")  L929%H8  RAW264.741)
BT HE - 100.00+3.01 100.00+3.28
EREF iG] - 8.09+0.49 9.72+1.05
Mn-GLCDs  0.0625 105.39+6.44  102.05+1.08
0.1250  96.45+7.42 99.13+3.18
02500 115.15+11.83  97.72+6.00
0.5000 113.75+2.86  100.36+2.81
1.0000  85.92+098  101.57%6.20
20000 92254333  100.03+3.92

NG R =(A w—As)/(A n—A %) 6
A NS A, A NI AE, A o NHEENE
HA1E
2.6 GitFESH

B SEEGIIMGI B 3 Ik, HAELLX £5s R,
K F GraphPad Prism 9.0 #7401 br. 241
[ HBCR R R 7 Z 50T (One-way ANOVA).
3 e

S BT J% e N R Ag R B H 25 R, EROET
EiU I oY N Wale U V25 A NE AN % B S AW ) K D1k
R B S R A VIR AR VR i) 46 1 8 BB AL
M LA “PIERREIR” A, R TR 24 B R T T A
I 2R, DURIR R 2 N BE il & M 2Bk s, A
I B aR IR, L RE DR BE R 2944 38 2 s PE R o7 s
RENSEMHEEEERP. SRETBRERT
B BB TR A AT B, O =B E . B
B EE, HE#EENRURCY . AR 5CR K RGE
BT AL FIFL, REZL KWK 4 PP 2akss,
i PR R B LI GLCDs, #2244 % Mn-
GLCDs.

SRR, KB AN R 2k 5 Mn-GLCDs £
RERIE, /rdE RAF, FARZ8 Snm, TR
—. 5 GLCDs fitt, Mn-GLCDs 7E44h F 213,
340 nm A0 2 MRHIETR S, KA T RMARE, &
BB T B 0 U T ik U AP FE 544, (R
ROt E LR RIY A, WE—EREE LY
ANT BRAERIBETTRR, A H G SR AL F145 218 58
(25261, 3E M Y fe A AR L AR LU R E S & .
WAk, A X SERATH AR 2GS ERER, B
I Ja BIELAN C-N BEAH RIS AT P G 58, AT S U 1)
A7 B = 5 R R A R Z AR, ARG E R A
A, THH OGS D g5 G IR 58 EE HE (In/le)
KT 1, K Mn?' 1] ge 5 RS BIEH R E TES
TEF, HEMIL AT fE AR A B SRR e A TR S 3R
M, fE—@fRE FIREL T2 R A MR A T 4
P, 8T T R, IR R A PR H
REE 2AMHD A -2 O R A 1B KA IR
T 37280, 255 O SCHR, HEN Mn2* fJE & 5
) P B B B ST A T SAE A, T i B fr
PER S48 T Bk s A RS0, TERCT 2T bk )
M-N/C-O-M FasE 4541290, X Pk 2= 8 (1 A7 7EAMY
PRIE T Mn?* B)FR5E I E , B 148 55 it iy ok
VS FERFIE , [R) L O L T-7E Min?" 50k 1 28 7] )
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RS T HEIN(E R IE RO, 5 A AT
PEAER, SR A0 R 5 A 9 77

e REMIR L B, 76 808 nm OGRS K (1.5
W/em?), Mn-GLCDs i@ & LIRS s n 17 2521 °C,
A5 264 T ") GLCDs 311 7 25 12 °C, PBS %L
TR . AR YE Roper J7 121 H £33 Mn-GLCDs 1)
1=35.03%. X—45 R TEIB 440/ T he i
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