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Fig. 1. The disintegration, functionalization, drug loading and release of nanodiamond.
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Fig. 4. (a) FTIR spectra of nanodiamond; (b) zeta potential of ND and ND-COOH in solution.
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Fig. 5. Standard curve of dox: (a) Absorbance of dox aqueous solution with different concentration; (b) fitting curve

of absorbance versus concentration of dox.
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Fig. 6. (a) The variation of loading quantity of dox versus time; (b) FTIR spectra of ND-dox compound.
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Fig. 7. (a) The variation of cumulative release of dox
in pH 5.0, 6.5 and 7.4 PBS solutions; (b) schematic il-

lustration of the desorption/adsorption process of dox.

YKL T R BT IR 2 W AE AR P 0 B e AR
S IAF pH WABIRE. — BT, MRAH
ZUAL pH o 5.5 Ao A7 SR, B RAK T IR
f)pH 7.4, BELAT LA AN [E pH ) PBS 3% 54
NAR A AR pH A BRIAEG. B e 6 55 & ND-dox
GMBERIIETT RS A E T pH 5.0, 6.5 F1 7.4 1)
PBS & 65, I B R DU 9 B 8 2K RO
FEAR K, SR T ) FH FR A 1 2 4 V8 R O B 1) AR Ak

WA R B B 2 IR EE AR AL, 49 B L IR B A7 2 1 R
MRS E. wE7(a) i, B4k L ND-dox 7E A
[F] pH PR35 A fy SRR i 447 i e ) P 389 v 2% 18
BN, AR 18 hZ Ja TP, B 2% 2= 1) JBi bt
SR MHE B Zh &, Hh, 7EpH 5.0 [ PBS
B[ 57 2% ) R AR B0A B 85%, T (E pH 6.5 A1 7.4 )
PBS 1, B %5 2 1 B AURE T8O 23 531 9 58% A1 37%,
2 BV VR TR M Bk i A R T B R 2 RORE G AT
FILH pH R 25V Re ke PE. AT T3 2, ND-dox
H1, ND-COOH 5 dox 2 [A] 38 Ik 72 & #iR A& 2 110
HAH BAE 45 &7 ik (B 6), Ktk ND-dox ) pH
M) JS2 A9 AR TBUAT SR 3R 11 T oK 4 WA R 2 5 o
T T 1) I A LV FH 5 R I 2R 858 pHLE 1
Ak, wE 7 (b) Bros, R pHE W, HT WA
5, B ND-COOH £ 1 i1 —COO~ #%1& J5 4
—COOH, 1855 T ND-COOH 5[5 & /T Al [
A BLAE A, AR 3 T B R BB, HHT
WIZER R, ND-COOH R —COO~ #hi/b, P
ARAS T BA) 25 2 (08 JBCER Bk oK, AT S B pH K
AR E. — B OLR, AR MR 4 2
pH A 5.5 £ 4, FLIEH 441 pHAK BO31 ) R A
F ND-COOH 5 i %5 2 1) pH Wil bR JECRe %, 7T H
ND-COOH 1 4K A4 S L 25 W) s A pH firk
BE R, XA BT 5 = 2 (R 2R 5 BRI 24
Wint IEH AL F IR

3.3 ‘ApEE

YRR T I AR D B 1 S LB 2 VR 9T U 2
KORLF £ A2 B 2 U S 1) B AR AR, BRI AR
SR FH DY FE A M SR f = I S S BE % (MT'T)
K96 7 ND 1) 4= 9 8 1 K H 259 5 & 7k ND-dox
ST ) &A% 7. MTT A &5 5 an i 8 fr s, 78
0—150 pg/mL W EIEH KN, B SGC-7901 41 i
T 1R B A B3 AT B R B, EER A b 35K T 85%,
Ut I ND-COOH R A B AL A # v, 24
54 7k ND-dox % i 83 20 M 16 44 40 25 1 S 36 45 3R
(Wi 8) &M, 7£0—80 pg/mL K EVLE K, SGC-
7901 2 Jfa (1 3 PR A B AR A, T M AR
80 pg/mL i, ND-dox %F SGC-7901 4 g 7 4= 1 B
SRAHREH, X2 FhEEE DMEM H1 ND-dox &%
BN, dox I R BUR CE AT BT, AT 3
97X PR A . R, 2 UL ESE R, &
i o3 BN 26 TH Bh BE AL I ND X SGC-7901 41 i 1 3%

166801-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 166801

PEBAT R S, B BRI A Be b, o 78k
25 ) T S IR SR TSN 20 A 28R

120 e
I N D-dox

100

80

60 1

Cell viability /%

40 1

20

0 -

0 10 20 40 80 100 150

Concentration/pg-mL~1

8  ND 45 ND-dox %} SGC-7901 4H il 7% 1 1 5 1y
(n=3, p<0.05)

Fig. 8. Influence of ND and ND-dox on the viability
of SGC-7901(n = 3, p < 0.05).
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Abstract

In recent years, with the rapid development of nanomedicine, the nanomaterials for bio-medical applications have
received much attention. Although there are a variety of nanomaterials such as lipid, carbon nanotube, etc. that
have been studied as drug carrier, they are restricted by the potential toxicity and high cost of production. So, it is
necessary to find a good alternative for the future drug delivery applications. Detonation nanodiamond, as an important
carbon nanomaterial, possesses many excellent properties such as facile functionalization, large specific surface area,
low toxicity and high chemical stability and so on, which make them advantageous in bio-medical applications over
many other nanomaterials. In this work, the carboxyl functionalized and well-dispersed nanodiamond (ND-COOH) is
obtained through disintegration and chemical modification, and then the functionalized nanodiamond is characterized
by transmission electron microscope, X-ray diffraction, Fourier transform infrared spectroscopy, etc. to analyze its
morphology and structure and the toxicity. Besides, the drug loading and release properties are also examined. The
ND-COOH exhibits high zeta potential in aqueous solution, which enables them adsorb doxorubicin (dox) molecules
onto the surface through electrostatic interaction, and the maximal loading reaches to 325 pug/mg, which is higher than
most of reported results. It is because the bond between dox and ND-COOH origins from the electrostatic attraction
between negatively charged-COO~ on the ND and positively charged—NH? in the dox. So, when the drug compounds
are dispersed into low pH environment, the high H™ concentration would promote the transformation of —COO™ into
—COOH, which would weaken the electrostatic attraction between ND and dox and hence accelerate the drug release.
This leads a drug release to reach 85% in pH 5.0 PBS and less than 40% in pH 7.4 PBS, exhibiting interesting pH-
responsive drug release behavior. Finally, the toxicity and in vitro cancer cell killing results of ND-COOH and ND-dox
preliminarily show that in the concentration range from 0 to 150 pg/mL, the functionalized ND-COOH does not inhibit
the viability of SGC-7901 cells, exhibiting low toxicity. In contrast, the ND-dox shows obvious cytotoxicity towards
SGC-7901 cells by strongly inhibiting their viability to lower than 40% in 150 pg/mL group. This work details and
systematically discusses the disintegration, functionalization, drug loading and release properties of ND, which would be

significant in promoting the biomedical application of ND.
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