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Research progress in preparation, characterization methods, and pharmacological
activities of carbon dots derived from traditional Chinese medicine
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Key Laboratory of Modern Preparation of TCM, Ministry of Education, Jiangxi University of Chinese Medicine, Nanchang 330004,
China

Abstract: Carbon dots (CDs) are novel fluorescent nanoparticles with a particle size of less than 10 nm. Traditional Chinese medicine
(TCM)-derived carbon dots (TCM-CDs) are CDs synthesized using TCM as the precursor. Compared to conventional CDs, TCM-CDs
utilize natural TCM resources, which are abundant and align with the principles of green chemistry. The rich active components in
TCM endow TCM-CDs with unique pharmacological activities and enhanced biocompatibility, which can facilitate drug delivery and
targeted therapy, thus potentially enhancing their medicinal value. Moreover, TCM-CDs are cost-effective to prepare, making them
suitable for large-scale applications, which further expands their potential value in the biomedical field. Consequently, TCM-CDs have
garnered widespread attention and interest in recent years. This review provides a detailed introduction to the sources and preparation
methods of TCM-CDs, along with a discussion of the advantages and disadvantages of each preparation method. It systematically
summarizes the structural features, properties, and characterization techniques of TCM-CDs, and comprehensively reviews the latest
research progress on the pharmacological activities and mechanisms of TCM-CDs. The review also discusses the current limitations
of TCM-CDs research and outlines future development directions, with the aim of promoting the research and application of TCM-
CDs in the field of TCM.

Keywords: carbon dots; carbon dots derived from traditional Chinese medicine; preparation methods; characterization techniques;

drug delivery

Bk (carbondots, CDs) s2dkf188)%. WAk CDs HI T B/ ST (<10nm). FE (KT
RS G 2 S X — R RO M R TSR, fr v THEEMEAL AL AN RUF A 1, 7EAEW)

Yeks HER: 2024-11-17
ELWE: AW ARLECHEHIME (YC2024-B221); VLUHH EE2G KEASHAI BRI IR B ikl (CXTD22007)
fEZEIN: 5k ¥ (1995—), 5, WLFFE, TR 5 EEHI . E-mail: 1512337515@qq.com
«EIEMEE: XA (1970—), B, W+, #d%, WA, OF7005 RN P 2280 Sk al KR =T .

Tel: (0791)87118786  E-mail: liu5308@sina.com



FED 2025638 $56% H 68  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

#2225

EP R b S AV W OIS D E A I SE I il
TR By s 2R QIR WIS F44 kg CDs 774
() ZEHTAAR, (HIX ST 22 (1) 5 il B 208 A
R 1EPES (reactive oxygen species, ROS).
RAEMEIRE A3 WIRI, I HAcA s
FEF G, BEAT IR AR S B4, BEE SRR,
SO NS IEETR AN D, TR R
UFAEIAHAS IR ) “ St A=W o T B A4 2 24T CDs
W E G . A2 SEORATIRE T, TR
BT NETERCY, JEURE R R AT A AR A
HHy CDs HYHLAE R IR BRI o

W 25 fi7 A W% 25 (carbon dots derived from
traditional Chinese medicine, TCM-CDs) &7F| 124
HE PE R AL B R, I hE . k&
YIRS o XL T T TCM-CDs 77 [
YA A E T, ANTEREE T 25 825 F (-6
K, TCM-CDs 7EHP 53R, 2543k | #EIn)iRYT
U AT RN R AT, JF T R ) S5
AR R 1 e TR e Ay “ IRAOBT B KA RL 7 S
AR, EATRIRRR I BT AT T e . B
JTE PR« SAEAH AR LA B A DL Py ot 2] 4
W, BAEEIE . BAEHIZEEAE. PIRAE RGBOH
AR 25 Aot 2URH L BT (R P2 90 e Ah, KEBF LR
], TCM-CDs HA & RIFAFTEMREND, K
BILCk, 2 Th R T AR AL Ry T R BEAR
B, BHiCA 2SI 1 ks
TEFZ YIRS, TCM-CDs [ H I 7R
Fl 73 vh 24 R 5 245 R0 ) Jon R A ANAE FH AL B AL T
SRR -

51£4; CDs # L6, TCM-CDs H A 355 K Uf |
FASAR BRAN R () 25 BE PR AEA0 5. BT, ©F
—EH K TCM-CDs W& % TR M HAEE
s S b BB SN T X T 24 AT TCM-CDs
IRUR S il £ RAE J5 v S L 245 BRI 55 5 T 1) 42
MR RN R AT . ASLHS TCM-CDs 1)
K % TTIEME ALE) . G RRRAE . TR K
HARAETT VS B AR AL (0 0t 72 B H
JRIBR I SRR K e # AT 4708, B AE 4T B 4S
TCM-CDs K4 R FL2G FEAE T, 9 AR 5 254)
97 RO /D B A 7 1T A PV D SR AR, DAY
B — I R R o
1 TCM-CDs HIKIR

H % TCM-CDs HHI AT ZA L HEY) (R

25k TERITEN . RETRR . RO BTZ R
NZTE . AL & AN F R AEYE RS, X
Xf TCM-CDs P4 RIS A B2, HRZEKR
HHZMIEH A KRR Z AR, 28 TCM-CDs
BA RGPt R s e, 2R h 20 E
SHEEAE R EY), 2 TCM-CDs 2RI H K
UFIPTEA R DY), FER R SR M & S BRI
45, BRI TCM-CDs 8% B A 5 6 E
RANERE, &EHHTAEYEAE4, Py FI R K
TCM-CDs & & REMiER FIPtE L sy, &R ThiH
PR LIS 00, By, R RS2
WA = ADR S B AR TR B T &k
CDs, TEFFIURE. 1985507 A o35 W7 8021718,
Ak, AR EHEE 2R TS5
GRSy, N TCM-CDs [ & 42 4L T K AR H.Ih
AL IBRYE, AT TCM-CDs B U ()4 MukH 21 A1
TETEZ BN [FIRS, W2/ a5t e . R
AT, AR #EEE TCM-CDs o siiL 24k, A
BT 528 TCM-CDs [I#E ARSI REIL R A,
FIRYE T2 FIfE TCM-CDs (7144 . TCM-CDs [ A
[ SRIRAnE 1 Fs o

TCM-CDs [RARIEH /N T 10 nm, B/MrRifE
RefEman iz iE s, Moy, AN T4
Mg Z5nidit RN, &7 % (quantum
yield, QY) #§ TCM-CDs %% RCR Mk, B
M) JFG 7 A2 ) B AGOR A SR AT 1) I FH RO, A 7R 3R
B, MASE R 2507 IR 3R TCM-CDs 7EF -
FE fif RO 22 A S5 TR B AN R o . ax ek
JREZRPAEH 5 TCM-CDs ()4 Y03 1 25 Y1 A
X, XN HETRIY TCM-CDs HAG A EE M2
BTGB PR R A FE IR ST
TCM-CDs L% 1.
2 TCM-CDs HI& A A SR EALH
21 BHAE

CDs HI& IR 4 A H B FAIE Rk 2
FhAEHE, HIE RTRAEPIR R A EOR BRL T4 i
NEBUNRLTF, 7R EAFRRO R, SR
M EGEE: JEE TN 7 T B Bk A R
A P 7 R JE B oK kL, 71k 3 AL 4 7K #
i RV T B AN R #0950, IR
[F25A! CDs fERIAR . BT 7= 2N 2 % 14 07 T B A
AFIPERT . Fo B BT A RO R I8 R R
Fi L s R, JERER®EE. WZINE



- 2226 - PER 2025438 B56% B 6 Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6
nt
TERTER ‘
% & — s V424 K2
s A @—n (4‘» 2 ‘
o Bz A
2
/ I \ @“ﬁ
N /
LT
° &
o by
TCM-CDs
E1 HETFFREXRIEL TCM-CDs
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Table 1 Comparison on TCM-CDs prepared from different sources
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Fig.2 Schematic diagram of synthesis process of TCM-CDs
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Fig.3 Schematic diagram of formation mechanism of TCM-CDs
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Fig. 4 Schematic diagram of structure of TCM-CDs
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Fig. 5 Current research limitations and future development trends of TCM-CDs

51 YHETHRAER

5.0 HRJTERREESI AR EAAE HET
KT TCM-CDs )& & BT & kAT 77
JREFE R ZE TR, S ARHE RGN T 240
IR IT . FERBAL A=, & RO AR o A E
RIZE, WG SN ()R s 4y b 9] S5 i 4
# TCM-CDs MRERIA e, M LR IIE B 2877 i
P—8E. At BT REEHTFE, St
FE ) 2 o FH I 7 A A M DA A s B, se T
TCM-CDs EP) 2 4t

5.1.2 Wik SRR MR RS 2 B TCM-
CDs RILH RIFH2yWisikae 11, (HHATRT29
LWL FEARNT B Z o REARTEMR . RES
B AIRAERIVAIT T, TCM-CDs [¥E ) 1 A0 G otk:
ARG ENRNIGUE, ZJPEAR A )3k 2 N 21
SAEBLE A . A, ESZPRN A, 249
1% TCM-CDs [HillGE RN PG RZHEFRSE— R
Hlie) i, X BRI T AR AU T2 R .
5.1.3 AEVEEETE R EEEEEER O TCM-
CDs B &— & Wit e s b osg S viE ik,
{EAH S B VRAL TAR ISR R 4xth, oA
A FH 17 70 5 P AR P AR B A2 v Rk 75 21
WA FL . ST IRRR R, PR AR VAR DL S
SO BIT FBMBG B2 2452 &, TCM-CDs
FEARNFHLEFZEE PR ER . R SE S H
B8R

52 REKMRPEEAE

5.2.1 LGSR EESLE T, RIK
1k TCM-CDs 4% A BRORNE , 98/0 W4k 253
FHIFH R RE FE AL £ IR o AR A2 A5 FH Hh 24 ot i )
REE 7], 5 TCM-CDs [FAEY) 325 F3f s
KUftke [FE, FERPREMN ATt sRp & T2
72 TCM-CDs SEIUARAL R DG . AR E
TG —WHRRAR, MM rEREE. AR
M S AT, WROR™ i B ) — Btk . A, EEar
L RFR MR EERTFB, #ifk TCM-CDs 144
A,

522 ik S5EEM B0 TP RE TR
P MO SRR (2 BE1L. TCM-CDs, 45 & 0 A it i
Cingoh KBS AT R B, ROk kiR
iIP D S AT R A G S Y v 9/ G B A
HWg (4 pH. MR, BF%), {f TCM-CDs REfE1E
R E [R5 PR B b SRS AR 244, AR
R ARTT BUR,  [RIIN PR IR 2 EIAE
seAb, A N R BRI 2 22 0 b, TRN T
TCM-CDs fEA[FRIH R AR RAREERE, itk
TCM-CDs [1 3 TN Z 11 LA Jek /D> G928 1R ) A e S
MTTIER FAE AR A B3, 38 sy T A sE Al
A,

523 AEVNEMESERPLH RIRAT SRR
1 TCM-CDs HIAEYNETENLS], 2L HDysefiit
IR IR o RKH TGS G 50 T2



° 2234 «

FED 2025638 $56% H 68  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

WM E e 2 2 BB, 878 TCM-CDs 52EY)
KorT AR AME Sl A AR . RIS, R
RIS /E TCM-CDs HIfEF 77, 1248
FAEGIR S T PR LS . KA BTt A%
FEE AR TN RER) TCM-CDs, SEPLA “ 42 R 7 )
“EFH” KA.

It4h, TCM-CDs {EAMR A BARE P 1] 4K
SRIE TR T 5T . W FER W], TCM-CDs 7]
RE AR N R A A, JCH AR PE Bk
PSSR AE A o R A PR T AR
WA R RS E IR EE InseXS TCM-CDs
FEAR ARG SE PR PRS2 R K3 R TCM-CDs ££
YR N RRE TR OCHE . 1T TCM-CDs HIMUEEAGAE
FAS R A IRAEAR R MR . RIS AR 7 R SR B
TR LA R AN ] . W £ O
YEFF TCM-CDs B35 R IGRHEF A D Re 1t
AR BRAFHRERI . 25 E, ALRGLGART
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