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Figure 1 The number of published papers in the field of nano-biomaterials. (a) The number of published papers from 1999 to 2022; (b) the number of
published papers in the top 10 countries (Data source: Web of Science. Key words: Nano, biomaterial. Up to May, 2023)
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Figure 2 Staged physicochemical characterization of medical devices containing nanomaterials. (a) The flowchart of physicochemical
characterization for medical devices containing nanomaterials; (b) recommended testing items in each stage of physicochemical characterization
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Figure 3 The ranges of size measurement for various analytical methods
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B R AR T R s B U (dynamic light scatter-
ing, DLS), ‘EMRIHLETHIB N EEER, 5805
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G B SR Uk A8 B 43 17 (particle tracking ana-
lysis, PTA), %77 I REAS I SRAGIA F P OORL A A% 43
A (AT LA 73 B30 R Y 5 91 FRDRE A 23413 0 JORE 154 547
R G HMECERE, X2 TDLSZAb. JTsedf ik
Jr B ke 1y FR IR, L SR G 4 B IR BTG (single  particle
inductively coupled plasma-mass spectrometry, spICP-
MS) AT LATR] A0 5t 455 s 20 AU AR LA MR AR BB, 1
LA R AU B, ] P ) 4 R ORLRL A )N,

B, AR R T — R R 3
Jir PR s R BE FIOREE 3 A1, DS A e 0 5 VA4
FOR PR, SR F L S AROR I ks B P B3 v o
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AT e i 22 29 6%, D22 T EOR PR T BRI AR A Wiz 3l
o3 i R 2, I PTA S IR AE 1 5 248
TER spICP-MSIIAEAERE i HE 5 R0 AR <H A6 B
DR HRK . 264 JE 4K R A A I BR A
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YUK R Z AR R P pHIE . B PR . A
UIRYES ATV 2SI b S0% -5 S|P A7/ g 2 N: b
RIR R A AR PR GE P s (UTRE . R
FUEE AL ARSIl i B R R K4y
FAERAR KORLAR 3 A 0 5 VAL AT FH ke 53 B 0k 1) P 2R/
RN, Hor w72 00 05k (g 4h-nl W (ul-
traviolet and visible spectrophotometry, UV-vis)Jt:i&Fll
DLS)"* G 1 (A3 5 HL 7 5 #MOR (transmission
electron microscopy, TEM)F1434i H 1 2 MR (scanning
electron microscopy, SEM))[43‘44].
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JCE. HPXE4OGH FREI% (X-ray photoelectron spec-
troscopy, XPS)it# HI TAT R R T34, BRIFAHITR
HIUFE B, AT e M S5 E 2 E . [HXPSE
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[ SR A T A A KA R 32 BT RE S 4, X
SERE S Z R T L, SR EE kS R 1A
2. YK IE AR S B — R TE LR, B3 B
A5 kiE .

Table 1 The main parameters and methods for analyzing surfaces and interfaces

S s LR b ik T W
XL TAERE. Ak T i IR 10 1m
EIEAR —KE P i VeI~ 1 nm
R L IS WV SR KA X
LB AR R SR iz JF0.001 e
itk - i
LA Zetaib {5 B s JuEd
gkt BT REOR. BT WOk s RIS

4286



P A

%2 EEMEHSHEEY

Table 2 The main methods for structure analysis
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a) XYM (X-ray diffraction, XRD); 15143 1% 1 L F B AR (high resolution TEM, HRTEM)

2,13  AEFEIIEF PR G £ W0 F A EAER
FAE

F T A R 1 e B e oM DA IR 1) Bl A5 A
b, 9K RNE AN AR R G R S IR R N
(53 SPAHEAER, 5 REFRALRR A O,

s A AR TS . IR N G217

HAR s ™) SR 2 e A . X
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Table 3 The main characterization methods for the interaction between nanomaterials and biomolecules
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Research progress and prospects of standardized testing and
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Nanobiomaterials, as nanotechnology-derived biomaterials, are referred to those biomaterials whose structures or
components exhibit novel and significantly changed properties when their dimensions are at the nanoscale (1-100 nm).
Hence, due to the unique features, nanobiomaterials have been extensively applied to targeted drug delivery, medical
imaging, tissue engineering, biosensing as well as cosmetics over the past few decades. Meanwhile, the new characteristics
of nanobiomaterials can also bring potential risks in biological safety together with performance. Currently, China has
played a large role in the development of nanoscience and nanotechnology in the world in quite a lot of benefits related
fields since there are the most abundant nano-related publications. Additionally, since National Technical Committee 279
on Nanotechnology of Standardization Administration of China was founded in 2005, China has released more than 100
national standards in the field of nanobiomaterials and over 30 related national standard plans are under development.
Moreover, the industry standards for medical devices containing nanomaterials in China have been vigorously pushed
forward. In the past China tended to publish scientific papers for original research, but now analytic data have shown an
exponential growth in the nanobiomaterials related patents, about more than 1700 cases.

However, nanotechnology translation is far behind in our country. There are very few real nano-products in the
biomedical field. As for the translation from nanobiomaterials to biomedical applications, there are still so many critical
issues which need to be addressed urgently, mainly including quality control and biosafety evaluation. The major
challenges consist in the accurate measurement of physicochemical properties for nanobiomaterials and the setup of nano-
biosafety knowledge system. Although some advanced techniques can give a valuable understanding of nanobiomaterials,
especially for some special scenarios involving the presence of nanobiomaterials in complex matrices to confirm nano-
content labeling as well as nanobiomaterial release from medical devices and so on. The repeatability and applicability of
these measurements based on advanced techniques are still limited so far, which can be improved by standardized testing.
In addition, there is still a lack of standardized biological assays as well as experimental animal models for biosafety
evaluation. Standardization is the bridge of innovation-driven development as an indispensable way to achieving the
repeatability and reproducibility of new technologies and large-scale production. It can also push the marketization and
internationalization of these new advanced technologies and be very helpful to promote China transformation from “Made
in China” to “Chinese Standards”. Therefore, the standardized testing will definitely provide much more accurate and
reliable information regarding the characterization of physicochemical properties and risk-benefit evaluation of
nanobiomaterials.

In order to offer a strong support and reference for nanobiomaterial development and nanotechnology translation in our
country, this review summarizes the current situation of standardized testing, existing issues and development trend of
physicochemical characterization and biosafety evaluation for nanobiomaterials as well as the related products. As new
strategic and cutting-edge materials around the world, the development and application of nanobiomaterials will be bound
to further improve the overall medical efficiency and support the national strategy of healthy in China in the future.

nanobiomaterials, standard, physicochemical characterization, biosafety evaluation, conversion
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