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Abstract: Objective A new type of nanoparticles—carbon dots was identified from Dryopteridis Crassirhizomatis Rhizoma
Carbonisatum (DCC) and investigated their hemostatic effect. Methods DCC was boiled, filtered, and dialyzed to separate and obtain
anovel type of carbon dots named DCC-CDs. These DCC-CDs were characterized using transmission electron microscopy (TEM) and
high-resolution TEM, as well as Fourier transform infrared, ultraviolet-visible, X-ray photoelectron spectroscopy, and HPLC. Then, the
anti-hemorrhagic effects were evaluated by severed tails ad liver bleeding tests and the related hemostatic mechanisms of the obtained
DCC-CDs were assessed by detecting blood coagulation and PLT quantity to discuss the hemostasis mechanism. Results The
DCC-CDs separated from DCC were spherical, monodisperse, which had a narrow size distribution between 1 and 7 nm. In the animal
experiment, DCC-CDs were revealed excellent hemostatic bioactivity, and significant decreased in the tail and liver bleeding time (P <
0.01). Additionally, the rats showed a profound increasing in fibrinogen (FIB) and platelets (PLT) after DCC-CDs treatment (P < 0.05).
Conclusion These results demonstrated an explicit hemostatic effect of DCC-CDs, which offers new avenues for research into DCC
to treat hemorrhagic diseases and a new mindset for the exploration of the active ingredients of traditional Chinese medicine.
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Dryopteris crassirhizoma Nakai [f] AR ZEFHAR 5%
B, BET (PRAERE), RAEMER. IKRE
YEH 4% 5 51 Ak Dryopteridis Crassirhizomatis
Rhizoma Carbonisatum 52455 T AR =il % A6 IR 1 i)
it A K2 AR (R 25 8 2015 SFERRATICE
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7= A BRI K R 7 — Bk i (C-dots) 51 2Z%E
HHNER

Wk RAE IR R P B R Y, — & R IE
2B NATT 2 FGERRATE FTLL, Bk s B A K
KT RAEFHEDAH A SRR BT, {3
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2 K5 R 08 5 72 6 BRI R 2 85
Dryopteris crassirhizoma Nakai 1] {5AR Z£ A1 i 5%
5 AJEKE MBS (HC, #t%5 20160702) 16T
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& 1000 Wb st sk EER R B AR A 1K
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MR NG T HHR IR AR A TR A F] s L EE AN
FoAth 2 At Ak 22 GR35 0E TJb Ak 2GR A = B
A IR AEBE K.
1.2 )

SPF 2% EEHARI/INER 35 X, MRFiE (25.0+2.0)
g, JRE ALY S 11401500043385; SPF 2% SD kK
35 R, iR (200.0+10.0) g, FEAEIES
5 11401500039535, A0 T 7 DUAR (Ab R0
EMERGIRAF, VFAHESEA SCXK (1)
2016-0002, S48 B 2035 3% T R — R, ]
FFEiR (24.0+1.00 C, FHIBIE 55%~65%,
s, shki st itK, B, B 12 h 1§
BT sh) T 92560 1T 24 h 25 AN EEK
1.3 {425

Agilent 1260 F 1) B0 AH (i 4 (DYoo
BRSNS, B3RS, Agilent
Technologies, Palo Alto, & ); TecnaiG220 i%&
& #7548 (FEI Company, €[ ); JEN-1230
=T HRE S T B8 (Japan Electron Optics
Laboratory, HZA); %4M5 611 (CECIL,
JEE D) M F-4500 %64t EETH (Hitachi, H
Ay ZLANr 66 E it (Thermo Fisher Scientific,
F[H); ESCALAB 250 X 28 6 H1 T B8 i 43 AT X
(Thermo Fisher Scientific, ZE[FH); CA-550 & H
B & I 4> BT A XT-800 1ML #E 43 BT 4 ( Sysmex
Corporation, HA),
2 Bk
2.1 DCC-CDs Ho%l&

R R 928 = O T2 et 45 T B Ao 31
#% DCC-CDs!'1, il 2 i F2 40 F - FRECAR 5 5 Ak
TIEZ5H 100 g, BT IR, FREAE S I
TS b bei . 5 By AR 7 R : 25 1B EE S min
FHEZE 70 'C, fRIE 30 min; 25 2 BB 25 min Jt
A 300 C, fRIE 1 he BRedlirngs o 5 Aow
BTN SR, FRBURM K 50 g, T 10 5%
B KR 2 Ik, iREESN 100 °C, BFHIA 1 he
F 022 pm fUFLIEMEIE T R, &I 2 IRIEW,
WAEIEIENT 72 0 LU L, BT FE B I R AR 4 T
Ji & 1000, K 3KEL DCC-CDs T 4 C{RAY, ¥
B H-
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2.2 DCC-CDs HIFRAF

2.2.1 HPLC LA TR R DCC-CDs A5 24544
FERLST BR8] BRI S T ARZGHM 5 g, I
30 mL H AR A A0 FE 30 min, 3RTGHFES: a3 #F “2.17
Tt £ i) DCC-CDs H/KFifEZ 0.5 g/mL ($ZR %
BIHED, AR b IrAFE M ERAERTH 0.22 pm
TRALIEEPE I o i 25 - 13 A0 Reliasil-C15(250
mmX4.6 mm; 5 pm); VsIH A N 0.1%0%E, B
B, BEIE M : 0~ 10 min, 20% B; 10~15 min,
20%~48% B; 15~20 min, 48%~50% B; 20~30
min, 50%~68% B; 30~40 min, 68%~80% B;
40~50 min, 80%~90% B; 50~60 min, 90%~95%
B; 60~70 min, 95%~98% B; #FFE 10.0 uL, 44
MRS 1 mL/min, #IE 25 C, K 286 nm.
2.2.2 TEM W% DCC-CDs AL KR
AL £E /4 AE FIFH HR-TEM W% DCC-CDs 45
FIFFAE o F5 DCC-CDs i#EHTIAE LA B 5 B 2 mL &
T8O R 43 B 5 min, 0.22 pm AL IERRJEL,
SRJE 1 mL i S 2R B AR DR S B VRS T
BT MM b, BRT 8. K E T a5
L RAes s, R, SRS R s
T EER o

2.2.3 DCC-CDs HIJGERHIE G5 KRR S 3R 1 F Rg
HUE R RIS TR o B o
Ht DCC-CDs FI6 2 RIE A5 45 E . DCC-CDs &
Mrid s e Fiks, X 3 mL FAEtbeamd, K5
TN AT LA Y C B TR A Y, K e
N 200~600 nm, ik DCC-CDs & 4M ik, FEWEL
FRFES 3 mL FAEEIAF, NI
FEVHRIRE AN, TR A 1200 nm/min,
X DCC-CDs %3661 . M LA 66 19
#T DCC-CDs KM M HRERE S . BAEEWT:
S F BT 0 T R PRI AT R K 0.160 g3 4% 2 mL
(1) DCC-CDs ZEHTHAE 5 0.160 g FIRILETR 5,
BT JEUREE ity , BT RAFE . RERAFE
R TR, SRE BN MR
FE b 28 e AL AP

2.24 DCC-CDs ez 708 #FIH X B4t TR
WA M DCC-CDs H AT & 0 5 KL AL
=H. B 20 mL DCC-CDs i& Hrifiiig A\ 26 & M,
MEBAEKBR LT, 22 THREHAGLE
DCC-CDs ¥ K48, WAsEsE L, & L—
FAERYA, WUENUE TG IR RN X 2 1 R

SRR AT 23 BTl .
23 WHREFEE (O WItE

AL DABR IR 28 T 2 Y (Q 2 0.54), FIH
W AXIHH DCC-CDs 1) Q. Ry T A# E IR
Rt/ ME,  Ar FH Acps REZPRIELE 0.05 LAR .

Ocps= Or X (Icps/Ir) X (Ar/Acps) X (17cDs?/nR?)
I AR R (0 FHEAL 4 J9 355 nm B HESLREE, 4
RNIEFIIITES %, CDs Ml R Jy DCC-CDs MIZ 1Y)
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35 H, BENL RS 4, B 7 R, st IR (A=
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JIFERE/NRESR 1 em ALBSWT, BERE 30 s K AR 1
WHEA A, AR A LRA Ik, MOAE Ik i,
053 MBI s H 380457 1 ot T 75 B )
2.4.2  /NERFRE S SR g 0ol g3 2 RN 45 24 [ R
SEAS . RS TR N IR IR RGBT, R
JFFRE o FH AR B 2R /KR B 20 A0 K /N BRUPRT JFE U 262
FH 2 mL 5 385 L7 /)N BRI R B4 2 mm 6]
M, #% FRRIFETTES, B 30 s A /KR
/N AR 1 R 1, LA AR LA Ik,
MR I . e s 45 S R FL A AR 4 1 i
FI5 1k it B 1]
2.5 DCC-CDs 35t R G Rz N7

Tt SD KR 35 H, BbL e 5 4, [ 7 R,
SRR (AEERER KO BHIEEZG2H (HC 3RFEA
Y257 RL AR SLES) K DCC-CDs . H. ik
& (2.5 1. 0.5mgkg) A, HZAEFN 5 mLkg.
BYIENL G TR 2, BAPEZH sc 4h 2, X HRALAN
DCC-CDs #4115 ip 45%j. 45%)5 1 h, H 4%kE
L 2Z28h (50 mg/kg) ip WRIERAK R, FE 32 3k 5
W E N BT SEAE 3. 2% IRAN R R BN-1f
1:9) MEOEY, FR%3010 R, RIEbUETS
MIRFSMRE], 8 0.5 h j5¥3 3 000 r/min 250
15 min, FE BV TR0 e FEAS . RIS P —
ESTEREUM 1~2 WiEANTERE A EDTA-K, (315t
Erh, RIERE, (FIR S PUENRRA, EA
MNRECH FIEREA . 7E Sysmex 4= H 2 L&A
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X251 F1 DCC-CDs ) HPLC g EL LA 1, 405

A
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TORAEZ R HPLC BRE (B 1-A) Al DLE H &
IR, NrFMEEE L, 1 DCC-CDs ) HPLC
Kl (B 1-B), TEAHFEFWR A4, DCC-CDs
HIFRATIN 2NN T RE )

3.1.2 TEM ME4HE  DCC-CDs KIS 45 #bid it
TEM KW%2, Wil 2-a (K% TEM 250K, 45
B IR R A RLAR AT —, fE 1~7
nm, FEEEFEA20m AH, [FEESDAARE,
WKl 2-b. BHEEETAN, %I R B DCC-CDs ¥
—PERIF. E9 ¥ TEM 4550 2-¢ R, W2
DL RBRIE S5, Snhg oA B IE M, s Al EE A
0.278 nm.
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E1 B/SEAXAH (A) 1 DCC-CDs (B) B HPLC Ei
Fig. 1 HPLC of (a) Dryopteridis Crassirhizomatis Rhizoma Carbonisatum (A) and DCC-CDs (B)
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3.1.3 DCC-CDs HJJG2RHIE S5 HFFEE S FIH
AN T E BRI GIE E LA 2-d, 4
B8 DCC-CDs 7E 260 nm /245 A 158 A4 4R
W, XARERHT C=0 WESIEM -k i S
;o O E I 2-e, WK PR DCC-CDs [#)%¢
T B K BOR T K HBILEE 360 nm 2 A, ROk
R HIE 460 nm £ 4. IRIRE T NS,
5 DCC-CDs [ O N 7.3%. ZL AN itk 45 SAn & 2-f,
ZL ARSI 2> 594 3 421.3 13341 623.1 4001 114
588 cm™!, JpATAT4A 3 421 em 0§ N-N-H ##, 3313
em! (IR IR-O-H 8, 1 623 ecm™' [FIFIRIER
-C=0 ##, 1400 cm™' [F5EI LR R-C-N $# . 2058
W4 R R DCC-CDs RIEAF{ERIE ., Peib gt
SRS
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2.5] Cls
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o
=15
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£ 254 —oc-0
= C-OH
X
5 204
e
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3.14 DCC-CDs JLzmHMAMRMIEREH M &E
it X R HL BRI A T R (XPS) % DCC-CDs
JCHR AR BeFEAT T RAE. A 3-a
Fii7n, 7E284.8. 400.1. 532.9 eV [ 3 Mg, £
DCC-CDs #fEE il C. O HEADE N TEA
o TOERAMATEE RR RS RS BN 72.07%, A
AN 25.55%, RS ENN 2.08%. {EE7THE%
XPS i, Cls iy (B 3-b) AT LAFAT A 284.6+
286.1. 288.4 eV ] 3 Mg, 43JXtRF C-C. C-O
FI C=0/C=N ##.01s &5 (B 3-¢) 7E 531.4.532.6,
533.2 eV AbHIL 3 N, 3% R C=0. C-OH #
O-C=0 ##. Nls #77 (& 3-d) mJLA#HT A 399.5.

400.2. 401.0 [1] 3 M, 43 IR N=C. C-N-C #il
N-(C); B

by 0] —cls
30 — Fitting
e = Background
- CC
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= ~ C=0/C=N
X 2.0
i
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jusng
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a-XPS spectra of DCC-CDs

b-Cls peaks of DCC-CDs ¢-Ols peaks of DCC-CDs d-N1s peaks of DCC-CDs

3 DCC-CDs BIFEREmERFTEZEREESH

Fig. 3 Surface composition and elemental analysis of DCC-CDs

3.2 DCC-CDs gy1E Mm% R

TE/)N BT R H I 5258+, HC FI DCC-CDs - =i
o KGR E S BRI N B IS ). S5 IR SR 1,
Hxt A k%, DCC-CDs #. . K7 &4
HC ZH /)N B3 W7 22 ) o i) 1) 32 25 sk /b (P<<0.01) . 7R

AN BRI s g, S ZH A B, HC AN
DCC-CDs i~ . R &8 52 25 kb /N RO
ML TE] (P<<0.01). X F B« . fiK57] & DCC-CDs
X T 7N B FR FE SR A0 A H A Y 1) LA e N B R Y
1EMmAER
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1 /) ERETE L AR B A0 AT B W i 4R 2 A9 W i A E)
(XEs,n=17)
Table 1 Hemostatic time in mice tail amputation and liver

scratch models (X £s,n=7)

5 &/ T2 i 1 JFF U 14 A

(mgkg™) I} 8] /min B 1] /min

X B — 17.64+6.56  7.79+0.49
HC 0.67kUkg!  0.58+0.99" 2.11+0.77"
DCC-CDs 10 121+1.53"  2.06+0.82"
4 0.65+1.71"  2.58+1.24"
2 0.39£0.79"*  3.4340.86™

HXTHRALEE: " P<0.01
**P <0.01 vs control group

3.3 DCC-CDs KR £ ARG HH K i5HRaIF200
SIS IR 0T K SR PU I 24 (PT. APTT.
TT. FIB) A1 PLT il € kA 55 DCC-CDs (11l 1fiL
BMOROT, SR E 2, SXEALE, HC A
DCC-CDs i+ H' fRFFIE4M PT 1 APTT % 733
TEFEM (P>0.05), HC ARe RN TT H (P<
0.05), {H DCC-CDs &+ H. KFIEAX TT EH
WAEE (P>0.05). FIB W 78EE I 2 ) 2
fekr, HC 41M1 DCC-CDs . . (KA =4 HRE L
i KRM FIB H, ZR 8% (P<0.01). PLT
B ) [ gt L% i, HC 41A1 DCC-CDs i s
R R KR PLT #& (P<<0.05. 0.01).

*2 REBMAZHEXIER (XXs,n=7)

Table 2 Coagulation parameters analysis of rats (X £s, n=7)

A FE/(mgkg™) PT/s APTT/s TT/s FIB/(gmL™) PLT/(X 10%L™)
ot I — 15.3640.38 11.79+4.62 41.20%5.81 2.01£0.06 1039+60
HC 0.67 kUkg™! 15.67+0.38 11.1642.31 48.40+3.55" 2.2440.09* 1137+96"
DCC-CDs 2.5 15.29+0.38 11.4941.73 45.77+3.22 2.26+0.05* 1 166+60™

1.0 15.73£0.47 13.04+1.09 47.18%1.13 2.17£0.06* 1163 +46™
0.5 15.83£0.67 11.17£1.71 41.62+6.21 2.16£0.07* 1158+78"

x4l *P<0.05 P<0.01
"P<0.05 P <0.01 vs control group

N

S 45 R ) DCC-CDs A48 A B PLT &35 TH i o
4 g

AR, MDA, SRl
RN T 48 S B AR R, Eid TEM Al 4
#E TEM %58 4 DCC-CDs. K4MEIG AT 6 1 45
RERERA RGNS, 0N 713%, BAF M
TR S A B 2 — . FT-IR 1 XPS o ik A
FEMBRAE 2 MooEMR, ROEAFEENER
[, X R A AT AR 5 M H Ak 25 1 T 0 B P
. IbAN, ASZEG R HPLC HL#E 1 405 BT A Zh bt
Fl DCC-CDs 2R 72 57 o 43 S BT AR 2 A
SHELFERIZR =2 BRSNS R DR 55 2 Bl A
FoA ) 2K = 22 4 1 T AR ) 3 B RO o 1819,
28 3 iR Ak AL A O UEOE A SRR S 15 BN
DCC-CDs 1A /N T RUEMHIAFLE, XE—E
FERE FHERR T/ PR AP0 b L3S PR 52,
MIifiHfE T DCC-CDs H H A E R MmiE . 244%,
PO TR 0 1 (=T 225 U (o | Pl =S S A A [T S
SRR Ry, IR R B — E L

MAER, RS LE L AR oh SR A R D FAE A
AR — DA

TERTIAR TAE R, WEOC TR AR YE, K
P — LR 25 GRS o B B IR 0221, 3%
BB 57 8 R 2 AR T AR R ORI T B ki K
1) DCC-CDs, #AJm a7 W A IE i 2
AN G il B B W 92 56 R AE B 3L b AR, XA
DCC-CDs il —Fi#r BLgh Ky b i 25 34t 17 )
LF AT SEER Bl . R T E#E— 2P AL DCC-CDs
RAE 25 3% 1 v] Re/E FIMLEI, I T DCC-CDs
B F i oK BRU PR 48 1 DY 100 2 5OR0 I /MR (PLT) #iE
Ak o BRI 2 B M RE A R AR . o)
AP L I A P R I BRI AR 3 AN 5 T3,
ASEEH PT {EAT APTT {EIE 45 3 .78 DCC-CDs
YR B PT A1 APTT Joszhi,  BIASSZMA K 5T P 5
PR AT AR U5 PR B I 4 . TT B I 2 45 R B oR
DCC-CDs AN§21A FIB % N 4F 4 55 1 R[] o FIB /2
W 5T e L AR 1) EE B4R AR, AT DLE 2 FIB [
A2V HUREE L P LT AR OB MRS
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DHRERIFEMAEH . JIE 45 R 278 DCC-CDs i 1.

IR B e 2 2 B2 K SR FIB H, #E DCC-CDs

FA AR P P e 12 s LV FIB H 25

LTI R G I BEIMAE . PLT €451

%7 DCC-CDs figfig 5 3 52 = KB PLT $i, DA

ks I AER . DCC-CDs B AR 1k 1 3%

B ARRFRES N —MEk ., 224 HI7 0 ik

PIRTT 25 o
Zi LA, AT A RS AR S B

RIABRIE I € 7 DCC-CDs, @i 2h4)SEGiE

1 DCC-CDs f£/]N 5t Wr AP H AR o 2 1

1E A o ki 2400 E 45 5 278 DCC-CDs HLE I
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