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Abstract

As a new type of biological material, nanocellulose has good biocompatibility characteristics, high
surface area to volume ratio, easy degradation and environmental protection properties. In recent
years, it has been used as a drug carrier in the study of sustained drug release, which has attracted
wide attention of scholars. This paper expounds the different types and properties of nanocellulose,
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discusses the drug carrier properties and release mechanism of nanocellulose, and reviews the cur-
rent research results of nanocellulose and its composites in the field of sustained drug release.
Through the analysis of the existing literature, it aims to provide a reference for further study of
nanocellulose, and to provide a basis for promoting the development of nanocellulose in the field of
drug delivery.
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TE BT AAT B A O B SO S5 G 1) H ™ B 1 5 R, W TRl AR AR R BRI T B
., BT R[] [2]e RIRAFAEZRIE 2 EFE . A REE I HAERREZ —,
BIEFTHE A BRI B AR [3] [4]. LF4E R, PLFHERMARTR ZILEM R T ARRAF4ER, HpF4Rx
—Wpie AR S B ROATE R AR TAIG] [6]. H4ERDL D-HIERER T NEAS N, @il
1,4-B-FEFEIE IR R G M[T], WA T BRAS . R, EERUENF4ERNE~E WA,
AF 7.5~10.0 x 10% i [][8] [9]

BEEAKE AR KR, s, RS2 M FR, o BRI A4 = 5Ok 525355
B9 H TN 9K 47 4 25 (nanocellulose, NCC) [10], FLEEAT 1 & 100 4K 2 (0], &b 50 s B 2 N 41 4
RIIGCRGON o T . AR AL A= R R AP MR EZE 5, AR ET 4 3 v R BRI 43 Ty DU 2
R RIKE 22(CNF) . GKEF4E 2R A (CNC) 41 B 90K 47 4 3 (BNC) DL K FiL 97 22 4F Y R AR 4F 44
(ECNF) [11]-[15]. #KeF4Ezm BA RSN, BamIRmi. 5 T 0. WRsmAe, THERFRS
PRAA[16] [17], JEHEEA I RUF AV AR T o iR JB 1, LB R AU e, e 2594%
BERG. QUAEUSAEL, ZE@E A L & BRI YRIT EARAE . DA TR R S A
PR T5 T [18]-[21] (el L 1A 1)
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Figure 1. Nanocellulose could be extracted from plants and used for catalytic and biomedical
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UM GRE RGN DRI EIA BOR R AR 7, W SELZG MR N R TR,  AERFREIREE . I 4
B IFIRTE BB RMNE[22] o (LSRG IAAFE AR AR RO E S 1) L, KT 4R TR Tt
M G [23], BLAh, AR YR BA KA BN S Bt ORBs AR AT 22 42, T A BRI
LI IE NI [24] . GORET Y2 ADE I AL S MR PR I VR B, SKOLZG MR OE S G HERE /], D ML 2
Yoia T SRR SCHE[25]-[27] o ASCERI UKL RAE 4R R N B SIEEIL S, HIpTHLAESy
WDidiE WU FURE RS, B SCERE S, VIR LT HE R TR R 253k R S BRI S 5 5 s

2. RAHERNST I,
2.1 FAHERMPRL(CNF)

2 4 K 9N K 45 22 (cellulose nanofibers, CNF) 38 % 4 Fx A 1 £F 4 1k 4F 4 % (microfibrotic cellulose,
MFC). £ 4E R £ 4k (cellulose microfibril, CMF), HEZ—M7E 5~60 nm Z 8], KEENILHCK, 2R
Em A FH BT A, O A4 22 0R[28]. CNF BAGIRRTGI5 G SR o] A AL, T AR LMK
U B RS BT R TR DL K B AR A TS T I [29] 0 ARBRETAESRAEY) R LT YERPK LT 22 1) T
RIR[30], CAEAN . BESARILLECR B LA 2).
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Figure 2. Nanocellulose crystals: (a) Schematic diagram of the hierarchical structure of cellulose and the preparation of nano-
cellulose crystals via reaction with strong acid, (b) Preparation of bacterial nanocellulose by culturing cellulose-synthesizing
bacteria

2. MRAKZRRNE: () AEZNIEEURSBRRNREGHRALERZREREE, Ob) BIEHFERALEER
AR SR AR AR AT U R

2.2. PRALERRE(CNC)

YK L4 3 dn % (cellulose nanocrystal, CNC) R FR A1 4E 2 44K i i (cellulose nanowhisker, CNW).
£ 4k R A (cellulose microcrystal, CMC), H.E 44 2~20 nm, K4 100~500 nm, J&—FiifR4F 4 %
ik, CNC A LR mdh ff FE S 9K B 1 G5 MR, 38 B A 7 (0 AR e MR AN = IR MU e P
PARARTS (6 RE[31] . MidE AEFT. B 7c55#0 AT LU kil £ CNC.

2.3. HHELAKLAFHER(BNC)

4T 49K 24 2 (bacterial nanocellulose, BNC), 1Y 4 & 214 % (bacterial cellulose, BC). A4 4F 4k
% (microbial cellulose, MC). JC 4 i £ 4 2 (cellulose-freecellulose, CFC). 5 4= 4H 1 T 4 % (regenerated
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bacterial cellulose, RBC), KEAE, E1E 20~100 nm, B HMAEY S K3 . BNC ST 4E £ ML,
HAKBMAMME LR, AR EKRES . St ShMaERE[32], RTHEML4EER.

3. RAHERAIBIE

3.1 HEE
A EE R & AR AR, ARV RSS2 K AL . 3 DL LR b B 7 K
FUob 2 JE AR 5 0 1.
Table 1. Principles and characteristics of nanocellulose prepared by different chemical methods
F 1. FRMFENTISARTHEZNRIERTS
TR 1] % J5 3 i SCHR
:‘@.ﬁ@ﬂHﬁ‘ﬁ‘?ﬁ%ﬂ’ﬁ%%ﬂﬁﬂﬁﬁé& (R A T B
(7S P igﬁmﬁ% (BN S SRy B AR 2 B S [33]-[35]
i TEMPO MEALFMELF4ER T4 .. b g S . o
NBBRGER AN ORERERORN, i,y e BRR BRI, 951 156
(TEMPOJRLfLiL  MIBCREFAERMMLAERMAD, B o 0™
ZibELPURAL R Bk TR T "
DES REM AL LRI, WIFLF4ER iR ReFEMR. BOARMG. SREIR
RILHATI(DES)E /TR MIMEREES &, WIMRBEL  BRad: WFIIE AL B4R [35]-[37]
YEFR I AR T Rk
3.2. MMk

HUBE: ) 26 9K 2 4 3R 1) JR B S W B T BOW 2P 4E s M RLEAT DI WSS A0 3, WA LR 4
He)s - DTTRE HL 0 AR FC A K 2 FR 2T A 2 ORORE[38] 0 % DL AR T LR B A B8 5 95 B L ) 4% B BN )il LR 2.

Table 2. Principles and characteristics of nanocellulose prepared by different mechanical methods

= 2. NEMERSIEPRALERNRBRY S

TR ] £ Ji 22 R Sk
RN R 4 R AL N
- Lo i BCRE. R

ey SR, SEOZEREHEER I, PR B S it pa

Y R 1 i o 25 1 FE T T 4 R ;ﬁ{igﬁﬂ%%ﬁ WA PP AT % [39] [40]
B BN AEIR &
P4 4 R RS /N ER — N N -

Wbk SR, st s (o R SOHR ey g
B, EEIAER R Em kg T T FeREn Bl AR
T BN . SRR . BETE. HIEAL

AR RN AR R R R R R, SRR SR AR —. BERAK. BEFER. MRS [39] [40]
WAL, M BBk G4HER K

PR I R VR A PO R I R SR LA RER T REAR ARG [39]

AR WIRAF A SE, AW A B RAYER Sl @R/ERE. o eE i
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BRSO S P AL )
WURTERRE B AT DR AL R, e A AR B GK AT
LiF N

X T4 E JFRHEAT 2 AR 3R 2 BT
D) T A AR, AT RRR AT 4 2R 1K)
TROMEE s Al 5 Ak PN K 2 5 ) 21 4
R Yk

Pt BRAEMIME. P bl HRRE e

B WA [39]

Mot B &R 8
TRV EARRONI — IR e R [40]
Bt BERERLE, MELUHIT ke

(CERRES

3.3. W E*

N R BB S S YUK 4R, HAERTHFEE KBRS R R, R
5, RIS 2570 s 4T Sk B0 247 2 R TR T W10 AR B, B S5 A5 BOH U BOOR e i A id, b imgse
AR AT e R BIREWER % o 1Z IR R RO, (XS BR B s, B T B R 45 il A 55 i [40]

3.4. fEE

ThA R R R BB IR I G K A e R ) 4 ik, BBl I P e M (B I AR B AT 14 [41] B
FOR R [42] %) AR VE L R & R eF g 2= . AR YE R & AR GER DB TR R F4-4ER
KRR ETCR By, IR 5 s 4 b SRR AL I R . FERUAE YR B R, OBk AR R 2%
B ARSEEmE N, SR A AR A, SR IRAK, S5 BmE, FEOZITEA B TIALT
KIRAEA: P~ e F [35]

3.5. ERE

KABRIER S KA 4R, RAGHERM TETNREMARE R, (RS4RI BB NNHME
PR FT RN B, Sl A B GOR A 4 R 45 5 e s 2l s [43], 1% 7 A& 2R, RN A &
JEME, (HHEH & AR BT . I B AR A ) S AR T e R A P T2 A e, R ER
ANRZE[44],

3.6. BRERYTLLSE

WG ZEAR, FYERBRAEFENIERT, B8 H90RA4ER[45]. FIH AR AE =gk
ez, BRI METNIBREEN, (HiZH & iENReRRE, YRR ZEmr= AR MR R,
AFERRB T . St 922 R RIm Sk SIS 2 I FIFE B4 . A HLIA TR RO R 2 1Z B R
) —AN ik 3 1] R 35]

3.7. EMIIN{ESIZE

151 B IAE #1122 (AVAP) % [46] [47], @RI A R R A EMN, & ] & B A 32K Ss KRR 4k
R, GHEANATAESSRES, e B 2w A SEELESCRI A, BERE PR R AR S A,
REIR AR B A 7 H AR[48].

4. RAHERIERBYH
4.1. HiHsEE SR EM

UKL Yz B MHUMGR I S AE T, G T 2% R g8, RENE R DREBCZT AR T L A FaE
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ko SR 3D HTENBOR & MAUKEF 4E R B A dRE, HAUE BE 5 29 R TBURF P S R B R S RS [49]
AR YEZR ) 2 FLAS R AT SETH 254 0 B S PRI, 0k T8 o L A 2 % 2 U 182 P 8 7

4.2. YA SE YR

RAUHERIE N —FRARE D TR, B RGFEHBENEN AV BT 9K 4R AR N
B TCRE T, HAN SN ARG TR, £ 251508 R G B A BRI 71 [50]. HEA I R AT
VIR VE L B ROt 5 AE AL S AR, et 254 () BE FDRE ORI B ey T 28R - iR 9ok 21
YERIEM R 2 KR BERE IR SE, AT DURAE U A SR S5 A2 AL T 1 250 RETBOE R, o6 A2 I PR 5 5K [51] - WT L,
AOREF YR I RUFAEVIRIR R AL B0, 0 O 25 3R ) ERAR IR 3

4.3. ZGHEEN

SCRRSSTRIL, A RLF U2 260 SR 12 FL T 5 S M R O, T R s 1 2
TR, THRTHL O RAE ). S KT R AR, iR ik 38.1%, ELTE pH S
P F RIS [52] . 42K 274k 3 LA 45 FL S5 M 15 K L TR ST B 250 S, 7SR s it i i
W SRR, RIS 0 HOR53]. L, ARALA KR I R p
SR T LR 2 36 28 5 b AR S B

5. P3RS E
5.1. ¥ BUERERIRA

7 HICER AR TS A 24 R TROL 1 5 LBy — P 2, 28 e oo ] A3 A ) FL R B R 3™ RSt N P 245
HALe AR UE R BAT FLBR GBI LE R T AR, 250 T AW Y B A2 L FLRR AR T o 4 ¥ 7
BIGPRLTUER TS, WA ZIZANSEHENSLG, 25 i F il fLIR R 18 Y Boiok, i selgers. A
A BT KT SRz, AT AR T R S TG TR K8 ORI [54] . H TE[55]
PR LT Y3 BERAF Bk, 2l i OB FLRR LAY BOE OB, BRI I 40K 2 2 FLA5 4 T
LAY HORE, KB SR -

5.2. FERKIEHIRE

YK A Y AL B B VA RN 22 R ARTEIK, TR — Pt ORI 454 . 25 bk G R ARV K 9ok &
LM R,  BHAE QUK LE 4 3R I IR IR, N4 S5 MR LR s A AR K, 2590 0 7% T LA
FUBR AR ETHOR A K o TR AR 4 R A MK FEAR XS 2518, BT LART DA 85 W 25 R G 2, AT
IRBIERERUR . YA TKVER SR (I AR B 3 . USSR, Ko T4 FIRESS5KSF
RAMBAEH, FEEF4ERWOKEMK[10]. FIS, a7 DU 4 i35 B ok o8 K (i Ak L, B 31259
RE[16].

5.3. {LETHIRER

A SRR 25 0 T S AR AT HE R AR I RE AT AR s TR R E IS B i T
FIIERE AN S pH R S R A A S BT AR, A2 AR AT R SRR XA 0 7 AT A
2 SOR A YR BB, A A 25 KR TR AL ZE[56] . B ] I8 FE QK 47 4 3 R B R
AR pH XU RN RSV, R IR B pH 26 0F T, WM 3R 5 43 5 A B A A (An Ak /i
%) LS 29 IR R S AR AL, SEBUN 29RO 571
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5.4. BREEIERZHIREH

KA R R R H —E R AT, JREH R BA4GY0 7R, SE s ER &S5
TR MHE LR . RO RES, MENRARETE FInESEAMNEL, SEERSBHIHGE, 2459
DFIL B NGK T Y R BRI R, LR, g2 BT BEY 59 KA 4 REY
JoR B A T2 SO SF R R S5 R RN R, 3k T S M D R AR B 5 R R A RE 58]

5.5. FFHEMERMITRE

IR IR T PR AT 4 R AR R, 504> T-1E [ AN BRI AR A b e 55 24 A0 4 O 21 2 R IR 45 44
RV FRIRRS, 25900 FRF B T BB S h i, #Emises 7 By BoE R, Sl T 2198 R [59]
[60]. FHFAKRAHERSHAMMRLE S, PIKAYERATTE Pickering AR N2 e L5, SHT2¥W3s
BERR S EIF[61],

6. PKAHEELYEFTISOR N A

KT g R BB LRI T M. RIFRAYMHEE . o] RS, WTEAEY
IRIEFAR[62] . HTHISHKA LR AR ERSRIE+ 42, 3 3 AN ERRIF S| & R 9K - 4 2%
12 F T 25 5 B H 30 2 N FH S2 451 o

Table 3. Examples of nanocellulose applications prepared from different raw material sources for sustained drug release

= 3. TRIRRSRIES & ARAHE RS R T HMERRI LS

JFUREARIE % ik g5k SCHR

KR £ R M B IR MR 314 ng
RZTCHRBRL, RIRGUMIE R T8k [63]
BHEMRTE

I YK ET 2 3% [ I 7 3 oK e A 22 3

PREFIE e 2 M ST S R

KK 2 2T e 3R, & R T 4R CNF-Zn-QT E5%, QT S8 & TIE A
BERERr T8 1 QT BIXRGIFQIE CNF-Zn-QT B4 fifl, SrE T 590K 4Ex &, f# QT HxE [64]
FE} FETBC AT 30 2 R TR i

G 1 wt% CNFINCG 4 40k Uk

HI SR REFAE RN LB 2T ONF AL oy o opEG A matok i b k25

N iy BNCs Bl 2o mg ittt sy )
PRI 2 R G BT I
NCPGs A1 i 12 8 f¥) 24 W e IO J52 L T 5
g BT ONC il CNCICREIORGNG I SHERLIENS, 20 PRSI T8
" FLLE AT I HE R (NCPGs) 3T 100% 14 ] 52 PG bk SRR, FLis 2 P E 24
PR

7. PARAEZE SV RIEDYERFRTEOHRE B
7.1, PRAHEEE SRR

R AR B BB K ME R AW I =44, 1% R W aT AU F3E i v ik 7 i3 K AR 3R B A
B KK, FRONKEE[67]. fEAMIBEZSN A, KGR R L vl 845 3 B DL A e AT R 5 o b kG
BRHPE L ot i ) R 3 P e o T VA I RV K A 1, AE 255k A28 1 R Gu b B BRI 11[68] [69].

CNF 7K 2N F K0 F 8 A MK 53 Bl =R 58862 [70], Hafizi 28 A [718 i 558 kg A
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A CNC 7135 NACBEB RS T, Hi4 pH BUBOKEER, BIRIACNC /KB B 7R H K3 B0V K BE /1,

Ty HHENAC IR R ICNC KB AL T 1 (2503 RS0 MR B 72008 i 3, B 1 7 OB BT ) DE R

(ASP). CNF Fl SA =R &SI HI K ASPICNF/SA B & /KEREZ1E R, W5 ASP 7 AR[F pH ¥R

BEh IR SNEREAT A, I ASPICNF/SA 5 G /KERER LK RINZREIEA pH WA, 249571

PEICH 26 B A5 PR EE pH BT s iR, B pH BT m i 2 BRI K, BF TS AR AR A Y=
B KB AT FH TR 24 400

7.2. PWRALERE SSBRME

SR MR R AR, B RIERIRG M . ML R AR E, HE KRR T HENmS
Ve, DRIHAE 25048 3% 7 T A K8 11[73] - Pantié 25 A\ [74]HIRF 552 B, BNC/CNC I FEAK 7
BRI AR SR R A, YR T A5 TS RIIERE, HUARBIRTE A EAN B AT N AR B T S, AR
SAGLE AT, B SAICNCI0 #F, 4RI & e, B LK e e . Lu 5 A[75]
MAHE E 53 A1) CNF AF 4 B 404 35 1 B AR R R e IR R B 1, R CNFs 5 i i A Ag e, 1931
GAER, PASGREY, BHTRUKRRE. SAEERBOEDMEENE, XERReE Mo, fT
Pt GRAERIESERME, %S T AMarRai.

7.3. KT YEEE Pickering FLil

Pickering FLIW 7 X EEUI TR ORG A RS0, ERVMEE EHTHS#12[76]. Erdagi 6 A
[77 LA 9K 2T 2 25 (Q-NC) R 35 Jr AL Ui ¥ R #1 (DGN-ALG) SR A Fa s 1, il 8 SR K AR 4 K 2K
W2 2 B 2H 25 5 B K G B SRR, JF DAV 6 AR A B S 3 2 W AT AR AR O 7, AR R 412
VIRt 26 o, FLAE PBS pH 7.4 "R HFERREGEIE 17 K, AR T IR T IRCR . TRAS (781 AT R
FeHEHLAT 4 ] £ WPI-MKSCNFs Pickering FLiR 1A R 7 RZ 3, 458 7R WPI-MKSCNFs & &)1k
PR, AR R B R LR RS e M AR B R o AR AN A AR R, i R I IR R T B
WPI-MKSCNFs & &40k B (38 KM BRI, 2208 3R A2 R el 74.80%. DL IR ASE R, 90
KEFYE 2T B ve MLV 38 F Be 8 A 25 2 R O I ] 3), AT 3R sy 7 SR AR R B

(a) (b)

RIS BRI IR
v
- % L)
W tem
IS BRI

Figure 3. Schematic diagrams of the nanocellulose-based Pickering emulsion: (a) drug loading, (b) in vivo drug release process
3. YRAHEZRE Pickering ik : (a) RBAMREE, (b) REAAGYERIEREE

8. &g
MR IR K T4 R, — BT i i, R RS, 12 be . RISt
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FAEVIRAE, VIR RSN HT R G BRI 1. fEAMBER RS, GURG4ER At it
WA ) R E A I E, AEBRARTRIVE T . SE5Rin T RORTT A AL S, WK Wia 7 77 &%
fIfLie st 7B HRAE .

AR UHERAELM RTINS, ARBEIE TS MEE. G8E, XTAMERKIRCR ™4 &
FEWW . N T ZIRGURET YE R I8 0, R T — P IO S E S e B A, S e RRR
AR TRESFAURM AR, PR IRR TR IFIR,  BhifEgoR 2F 4 2 259 1% 3% R 4t (1 5
At BONAFRZMANGT FREAM LB, RS T PR EE T R —. PR YER Y
MR ALIE RGP R ER, TP EESIRKRN IR, EFRAD TG R R
Ve, BEAFGURL R e N BURER AR ACE N B R %, 3THATTRCR .

E&WE

TBAERE 2024 F R AEQUH BN THRITE (REGUR A ERMH . 45FRAE. Pickering FLH %
LS HIBIEFE) o

SE

[1] Zzhu, H., Luo, W., Ciesielski, P.N., Fang, Z., Zhu, J.Y., Henriksson, G., et al. (2016) Wood-Derived Materials for Green
Electronics, Biological Devices, and Energy Applications. Chemical Reviews, 116, 9305-9374.
https://doi.org/10.1021/acs.chemrev.6b00225

[2] Curvello, R., Raghuwanshi, V.S. and Garnier, G. (2019) Engineering Nanocellulose Hydrogels for Biomedical Applica-
tions. Advances in Colloid and Interface Science, 267, 47-61. https://doi.org/10.1016/j.cis.2019.03.002

[3] Ma, L., Wang, T., Liu, Q., Zhang, X., Ma, W. and Zhang, Q. (2012) A Review of Thermal-Chemical Conversion of
Lignocellulosic Biomass in China. Biotechnology Advances, 30, 859-873.
https://doi.org/10.1016/j.biotechadv.2012.01.016

[4] Lane, M.K.M., Rudel, H.E., Wilson, J.A., Erythropel, H.C., Backhaus, A., Gilcher, E.B., et al. (2023) Green Chemistry
as Just Chemistry. Nature Sustainability, 6, 502-512. https://doi.org/10.1038/s41893-022-01050-z

[5]1 RIEfs, 2556, 20, & RRA4ERTHEEBARI AR, /441, 2024, 51(7): 72-75.
[6] AWM. LF4ERAIDEFRERR]. HHIE 4R, 2019, 38(6): 54-64.

[71 Long, L., Weng, Y.-X. and Wang, Y.-Z. (2018) Cellulose Aerogels: Synthesis, Applications, and Prospects. Polymers,
10, Article No. 623. https://doi.org/10.3390/polym10060623

[8] Beck, S., Bouchard, J. and Berry, R. (2010) Controlling the Reflection Wavelength of Iridescent Solid Films of Nano-
crystalline Cellulose. Biomacromolecules, 12, 167-172. https://doi.org/10.1021/bm1010905

[9] Koshani, R. and Madadlou, A. (2018) A Viewpoint on the Gastrointestinal Fate of Cellulose Nanocrystals. Trends in
Food Science & Technology, 71, 268-273. https://doi.org/10.1016/j.tifs.2017.10.023

[10] xIZ%EZ, X, R, % FYERGPKRT LT EMRIELYZFE TR D] EELK, 2023, 42(1): 111-120.

[11] SR, (RS, FEALE, . GORA4ERINHI& RS AME R T 7 R D]. T EE4, 2017, 36(1): 67-74.

[12] Shu, D., Xi, P., Cheng, B., Wang, Y., Yang, L., Wang, X., et al. (2020) One-Step Electrospinning Cellulose Nanofibers
with Superhydrophilicity and Superoleophobicity Underwater for High-Efficiency Oil-Water Separation. International
Journal of Biological Macromolecules, 162, 1536-1545. https://doi.org/10.1016/j.ijbiomac.2020.07.175

[13] de Oliveira, J.P., Bruni, G.P., el Halal, S.L.M., Bertoldi, F.C., Dias, A.R.G. and Zavareze, E.d.R. (2019) Cellulose Nano-
crystals from Rice and Oat Husks and Their Application in Aerogels for Food Packaging. International Journal of Bio-
logical Macromolecules, 124, 175-184. https://doi.org/10.1016/j.ijbiomac.2018.11.205

[14] Jacek, P., Kubiak, K., Ryngajtto, M., Rytczak, P., Paluch, P. and Bielecki, S. (2019) Modification of Bacterial Nanocel-
lulose Properties through Mutation of Motility Related Genes in Komagataeibacter hansenii ATCC 53582. New Bio-
technology, 52, 60-68. https://doi.org/10.1016/j.nbt.2019.05.004

[15] FEW4L. Egiah & LM BEMITHIE S Pk T 4S5 7T [D]: [ LA i8] WK WE/RIE TR
2, 2012
[16] &L, FIAEA, AL, S5, 99K AF 4 3 I KR A ) A% B AR AR W B 2 A N R[], Mol TR 23R

DOI: 10.12677/hjfns.2025.145069 640 T 5 E IR


https://doi.org/10.12677/hjfns.2025.145069
https://doi.org/10.1021/acs.chemrev.6b00225
https://doi.org/10.1016/j.cis.2019.03.002
https://doi.org/10.1016/j.biotechadv.2012.01.016
https://doi.org/10.1038/s41893-022-01050-z
https://doi.org/10.3390/polym10060623
https://doi.org/10.1021/bm1010905
https://doi.org/10.1016/j.tifs.2017.10.023
https://doi.org/10.1016/j.ijbiomac.2020.07.175
https://doi.org/10.1016/j.ijbiomac.2018.11.205
https://doi.org/10.1016/j.nbt.2019.05.004

MR &

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

(28]

[29]
[30]

[31]

[32]
[33]

[34]
[35]

[36]

[37]
[38]

[39]
[40]
[41]

2019, 4(5): 11-19.
BRE, ik, BRIE, 5. ANFRTESYURTYER IS & a0 i D). &5 ki Tlk, 2022, 48(8): 281-288.
Seabra, A.B., Bernardes, J.S., Favaro, W.J., Paula, A.J. and Duran, N. (2018) Cellulose Nanocrystals as Carriers in

Medicine and Their Toxicities: A Review. Carbohydrate Polymers, 181, 514-527.
https://doi.org/10.1016/j.carbpol.2017.12.014

F71. GOREFHERE SR & S LAY R 2 N A [D]: [ A Arie 0], Rl ARG R, 2022,

Plackett, D., Letchford, K., Jackson, J. and Burt, H. (2014) A Review of Nanocellulose as a Novel Vehicle for Drug
Delivery. Nordic Pulp & Paper Research Journal, 29, 105-118. https://doi.org/10.3183/npprj-2014-29-01-p105-118

TR, PRak, Mk QUK R AR - SUR AT TR R S M) P G AR, 2023, 38(4): 126-133.

Chen, Q., Yang, Z., Liu, H., Man, J., Oladejo, A.O., Ibrahim, S., et al. (2024) Novel Drug Delivery Systems: An Im-
portant Direction for Drug Innovation Research and Development. Pharmaceutics, 16, Article No. 674.
https://doi.org/10.3390/pharmaceutics16050674

Khan, S.A.R., Tabish, M. and Yu, Z. (2023) Mapping and Visualizing of Research Output on Waste Management and
Green Technology: A Bibliometric Review of Literature. Waste Management & Research: The Journal for a Sustainable
Circular Economy, 41, 1203-1218. https://doi.org/10.1177/0734242x221149329

Khorsandi, D., Jenson, S., Zarepour, A., Khosravi, A., Rabiee, N., Iravani, S., et al. (2024) Catalytic and Biomedical
Applications of Nanocelluloses: A Review of Recent Developments. International Journal of Biological Macromole-
cules, 268, Article ID: 131829. https://doi.org/10.1016/j.ijbiomac.2024.131829

Lossada, F., Hoenders, D., Guo, J., Jiao, D. and Walther, A. (2020) Self-Assembled Bioinspired Nanocomposites. Ac-
counts of Chemical Research, 53, 2622-2635. https://doi.org/10.1021/acs.accounts.0c00448

XIfESL, FKUcE, ZFEHE, 55 AMERAR BT R]. TR, 2024, 51(15): 90-92+45.

Yadav, D. and Dewangan, H.K. (2020) PEGYLATION: An Important Approach for Novel Drug Delivery System. Jour-
nal of Biomaterials Science, Polymer Edition, 32, 266-280. https://doi.org/10.1080/09205063.2020.1825304

Lavoine, N., Desloges, I., Dufresne, A. and Bras, J. (2012) Microfibrillated Cellulose—Its Barrier Properties and Appli-
cations in Cellulosic Materials: A Review. Carbohydrate Polymers, 90, 735-764.
https://doi.org/10.1016/j.carbpol.2012.05.026

TG, MOF@EF4E 3 AR £F 22 52 G BRI il & B F R AW #2 [D]: [ L2 A8 0], R RERHRE, 2023.

Yi, T., Zhao, H., Mo, Q., Pan, D., Liu, Y., Huang, L., et al. (2020) From Cellulose to Cellulose Nanofibrils—A Com-
prehensive Review of the Preparation and Modification of Cellulose Nanofibrils. Materials, 13, Article No. 5062.
https://doi.org/10.3390/mal13225062

Luo, J., Chang, H., Bakhtiary Davijani, A.A., Liu, H.C., Wang, P., Moon, R.J., et al. (2017) Influence of High Loading
of Cellulose Nanocrystals in Polyacrylonitrile Composite Films. Cellulose, 24, 1745-1758.
https://doi.org/10.1007/s10570-017-1219-8

sy, PMARR, T8, S AN YE R RILE S RRMEI SRR BB FC R I]. R A bR AR, 2021, 38(8):
2418-2427.

Kumari, D. and Singh, R. (2018) Pretreatment of Lignocellulosic Wastes for Biofuel Production: A Critical Review.
Renewable and Sustainable Energy Reviews, 90, 877-891. https://doi.org/10.1016/j.rser.2018.03.111

IRFE, XN, WERRE, 5. TRMREH R MR GR 4 4 2t Ut R [3]. M= 4b 225 Tk, 2024, 44(5): 159-172.

TeOCHE, TRARAN, 2508, . YOREF4EZ 1M 2% BT & S A L o N AT AU R [9]. & 4 D RH, 2022,
43(3): 430-437.

Tang, Z., Lin, X., Yu, M., Mondal, A.K. and Wu, H. (2024) Recent Advances in Tempo-Oxidized Cellulose Nanofibers:
Oxidation Mechanism, Characterization, Properties and Applications. International Journal of Biological Macromole-
cules, 259, Article ID: 129081. https://doi.org/10.1016/j.ijbiomac.2023.129081

Bi, X., Guo, J., Wen, J. and Yu, C. (2023) Mechanistic Analysis of Nanocellulose Formation Tuned by Deep Eutectic
Solvents. Cellulose, 30, 9349-9364. https://doi.org/10.1007/s10570-023-05443-x

Siqueira, G., Bras, J. and Dufresne, A. (2010) Cellulosic Bionanocomposites: A Review of Preparation, Properties and
Applications. Polymers, 2, 728-765. https://doi.org/10.3390/polym2040728

1S, 1REN, S, 2 GeRer 4 K05 SR E N AT R3] &AL, 2023, 44(17): 215-224.
BIMNAE, EVER, WY, . GURAERIINIE R IIRER ] AL T AL, 2024, 58(4): 43-56.

Brown, A.J. (1886) XLIII.—On an Acetic Ferment Which Forms Cellulose. Journal of the Chemical Society, Transac-
tions, 49, 432-439. https://doi.org/10.1039/ct8864900432

DOI: 10.12677/hjfns.2025.145069 641 T 5 E IR


https://doi.org/10.12677/hjfns.2025.145069
https://doi.org/10.1016/j.carbpol.2017.12.014
https://doi.org/10.3183/npprj-2014-29-01-p105-118
https://doi.org/10.3390/pharmaceutics16050674
https://doi.org/10.1177/0734242x221149329
https://doi.org/10.1016/j.ijbiomac.2024.131829
https://doi.org/10.1021/acs.accounts.0c00448
https://doi.org/10.1080/09205063.2020.1825304
https://doi.org/10.1016/j.carbpol.2012.05.026
https://doi.org/10.3390/ma13225062
https://doi.org/10.1007/s10570-017-1219-8
https://doi.org/10.1016/j.rser.2018.03.111
https://doi.org/10.1016/j.ijbiomac.2023.129081
https://doi.org/10.1007/s10570-023-05443-x
https://doi.org/10.3390/polym2040728
https://doi.org/10.1039/ct8864900432

MR &%

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]
[56]

[57]
[58]
[59]
[60]

[61]

[62]

[63]

Satyamurthy, P., Jain, P., Balasubramanya, R.H. and Vigneshwaran, N. (2011) Preparation and Characterization of Cel-
lulose Nanowhiskers from Cotton Fibres by Controlled Microbial Hydrolysis. Carbohydrate Polymers, 83, 122-129.
https://doi.org/10.1016/j.carbpol.2010.07.029

Jirathampinyo, S., Chumchoochart, W. and Tinoi, J. (2023) Integrated Biobased Processes for Nanocellulose Preparation
from Rice Straw Cellulose. Processes, 11, Article No. 1006. https://doi.org/10.3390/pr11041006

Yang, H., Bai, L., Duan, Y., Xie, H., Wang, X., Zhang, R., et al. (2023) Upcycling Corn Straw into Nanocelluloses via
Enzyme-Assisted Homogenization: Application as Building Blocks for High-Performance Films. Journal of Cleaner
Production, 390, Article ID: 136215. https://doi.org/10.1016/].jclepro.2023.136215

ENE, FlHE, B, & TR RN 5k S M ABR[I]. A4S A, 2007(2): 14-20.

Nelson, K. and Retsina, T. (2014) Innovative Nanocellulose Process Breaks the Cost Barrier. TAPPI Journal, 13, 19-23.
https://doi.org/10.32964/tj13.5.19

Nelson, K., Retsina, T., lakovlev, M., van Heiningen, A., Deng, Y., Shatkin, J.A., et al. (2016) American Process: Pro-
duction of Low Cost Nanocellulose for Renewable, Advanced Materials Applications. In: Madsen, L.D. and Svedberg,
E.B., Eds., Materials Research for Manufacturing: An Industrial Perspective of Turning Materials into New Products,
Springer International Publishing, 267-302. https://doi.org/10.1007/978-3-319-23419-9 9

Kyle, S., Jessop, Z.M., Al-Sabah, A., Hawkins, K., Lewis, A., Maffeis, T., et al. (2018) Characterization of Pulp Derived
Nanocellulose Hydrogels Using AVAP® Technology. Carbohydrate Polymers, 198, 270-280.
https://doi.org/10.1016/j.carbpol.2018.06.091

Mohan, D., Khairullah, N.F., How, Y.P., Sajab, M.S. and Kaco, H. (2020) 3D Printed Laminated CaCQOs-Nanocellulose
Films as Controlled-Release 5-Fluorouracil. Polymers, 12, Article No. 986. https://doi.org/10.3390/polym12040986

Liu, S., Qamar, S.A., Qamar, M., Basharat, K. and Bilal, M. (2021) Engineered Nanocellulose-Based Hydrogels for
Smart Drug Delivery Applications. International Journal of Biological Macromolecules, 181, 275-290.
https://doi.org/10.1016/j.ijbiomac.2021.03.147

Kopag, T., Lisac, A., Mravljak, R., Rucigaj, A., Krajnc, M. and Podgornik, A. (2021) Bacteriophage Delivery Systems
Based on Composite polyHIPE/Nanocellulose Hydrogel Particles. Polymers, 13, Article No. 2648.
https://doi.org/10.3390/polym13162648

Chen, J., Huang, H., Lu, R., Wan, X., Yao, Y., Yang, T, et al. (2022) Hydrogen-Bond Super-Amphiphile Based Drug
Delivery System: Design, Synthesis, and Biological Evaluation. RSC Advances, 12, 6076-6082.
https://doi.org/10.1039/d1ra08624c

Zou, R., Li, B., Duan, W., Lin, G. and Cui, Y. (2022) Synthesis of 3-Carene-Derived Nanocellulose/1,3,4-Thiadiazole-
amide Complexes with Antifungal Activity for Plant Protection. Pest Management Science, 78, 3277-3286.
https://doi.org/10.1002/ps.6952

Li, S., Hu, X., Zhou, J., Zheng, S., Ma, Q., Fu, H., et al. (2024) Biomass-Derived Cellulose Nanocrystals Modified nZVI

for Enhanced Tetrabromobisphenol a (TBBPA) Removal. International Journal of Biological Macromolecules, 268,
Article ID: 131625. https://doi.org/10.1016/j.ijbiomac.2024.131625

H 1. AT 4R GORA R BT AL [D]: (Bl -2 A0 3C]. ARV RE/RIEIE TR, 2014,
Ning, L., Jia, Y., Zhao, X., Tang, R., Wang, F. and You, C. (2022) Nanocellulose-Based Drug Carriers: Functional

Design, Controllable Synthesis, and Therapeutic Applications. International Journal of Biological Macromolecules, 222,
1500-1510. https://doi.org/10.1016/j.ijbiomac.2022.09.266

BRI, WL pH XCE M SRR REPIK LT LR ] 2 S LY RERT JT[D]: [t Arie 3], BT TR
2%, 2020.

e, TREH, BIER. B TE B LBRIE S YEE MOFs KA 4L IR 7T E R [I]. TohA kLR, 2021,
36(6): 592-600.

Pandey, A. (2021) Pharmaceutical and Biomedical Applications of Cellulose Nanofibers: A Review. Environmental
Chemistry Letters, 19, 2043-2055. https://doi.org/10.1007/s10311-021-01182-2

Huo, Y., Liu, Y., Xia, M., Du, H., Lin, Z., Li, B., et al. (2022) Nanocellulose-Based Composite Materials Used in Drug
Delivery Systems. Polymers, 14, Article No. 2648. https://doi.org/10.3390/polym14132648

Teo, S.H., Chee, C.Y., Fahmi, M.Z., Wibawa Sakti, S.C. and Lee, H.V. (2022) Review of Functional Aspects of Nano-
cellulose-Based Pickering Emulsifier for Non-Toxic Application and Its Colloid Stabilization Mechanism. Molecules,
27, Article No. 7170. https://doi.org/10.3390/molecules27217170

Ghamari, M., Sun, D., Dai, Y., See, C.H., Yu, H., Edirisinghe, M., et al. (2024) Valorization of Diverse Waste-Derived
Nanocellulose for Multifaceted Applications: A Review. International Journal of Biological Macromolecules, 280, Ar-
ticle ID: 136130. https://doi.org/10.1016/j.ijbiomac.2024.136130

HIZ. SETYOREYER . L FMPORE N 2 78GR 240t 7 [D]: [t A0S0, TN SR TR,

DOI: 10.12677/hjfns.2025.145069 642 T 5 E IR


https://doi.org/10.12677/hjfns.2025.145069
https://doi.org/10.1016/j.carbpol.2010.07.029
https://doi.org/10.3390/pr11041006
https://doi.org/10.1016/j.jclepro.2023.136215
https://doi.org/10.32964/tj13.5.19
https://doi.org/10.1007/978-3-319-23419-9_9
https://doi.org/10.1016/j.carbpol.2018.06.091
https://doi.org/10.3390/polym12040986
https://doi.org/10.1016/j.ijbiomac.2021.03.147
https://doi.org/10.3390/polym13162648
https://doi.org/10.1039/d1ra08624c
https://doi.org/10.1002/ps.6952
https://doi.org/10.1016/j.ijbiomac.2024.131625
https://doi.org/10.1016/j.ijbiomac.2022.09.266
https://doi.org/10.1007/s10311-021-01182-2
https://doi.org/10.3390/polym14132648
https://doi.org/10.3390/molecules27217170
https://doi.org/10.1016/j.ijbiomac.2024.136130

MR &

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[78]

2021.

Li, Y., Yao, S., Chen, Y., Wu, L., Xiang, D. and Zhang, W. (2024) Synthesis and Characterization of Zinc lon-Integrated
Quercetin Delivery System Using Areca Nut Seeds Nanocellulose. LWT, 192, Article ID: 115673.
https://doi.org/10.1016/j.Iwt.2023.115673

Samanta, A.P., Ali, M.S., Orasugh, J.T., Ghosh, S.K. and Chattopadhyay, D. (2022) Crosslinked Nanocollagen-Cellulose
Nanofibrils Reinforced Electrospun Polyvinyl Alcohol/Methylcellulose/Polyethylene Glycol Bionanocomposites: Study
of Material Properties and Sustained Release of Ketorolac Tromethamine. Carbohydrate Polymer Technologies and
Applications, 3, Article ID: 100195. https://doi.org/10.1016/j.carpta.2022.100195

Ding, Y., Zhong, B., Yang, T., Zhang, F., Liu, C. and Chi, Z. (2024) Carboxyl-Modified Nanocellulose (cNC) Enhances
the Stability of cNC/Pullulan Bio-Nanocomposite Hard Capsule against Moisture Variation. Carbohydrate Polymers,
328, Article ID: 121706. https://doi.org/10.1016/j.carbpol.2023.121706

Das, S., Ghosh, B. and Sarkar, K. (2022) Nanocellulose as Sustainable Biomaterials for Drug Delivery. Sensors Interna-
tional, 3, Article ID: 100135. https://doi.org/10.1016/j.sintl.2021.100135

Pandey, M., Mohamad, N. and Amin, M.C.I1.M. (2014) Bacterial Cellulose/Acrylamide pH-Sensitive Smart Hydrogel:
Development, Characterization, and Toxicity Studies in ICR Mice Model. Molecular Pharmaceutics, 11, 3596-3608.
https://doi.org/10.1021/mp500337r

Del Valle, L., Diaz, A. and Puiggali, J. (2017) Hydrogels for Biomedical Applications: Cellulose, Chitosan, and Pro-
tein/Peptide Derivatives. Gels, 3, Article No. 27. https://doi.org/10.3390/gels3030027

Raghav, N., Sharma, M.R. and Kennedy, J.F. (2021) Nanocellulose: A Mini-Review on Types and Use in Drug Delivery
Systems. Carbohydrate Polymer Technologies and Applications, 2, Article ID: 100031.
https://doi.org/10.1016/j.carpta.2020.100031

Wan Ishak, W.H., Rosli, N.A., Ahmad, I., Ramli, S. and Mohd Amin, M.C.l. (2021) Drug Delivery and in Vitro Bio-

compatibility Studies of Gelatin-Nanocellulose Smart Hydrogels Cross-Linked with Gamma Radiation. Journal of Ma-
terials Research and Technology, 15, 7145-7157. https://doi.org/10.1016/j.jmrt.2021.11.095

WRAHET. DATTR 2 R ] & AP A R AR T L2 25K R[DJ: [t 20018 30). R REERHEORE, 2021,
Khan, N.R., Sharmin, T. and Bin Rashid, A. (2024) Exploring the Versatility of Aerogels: Broad Applications in Bio-

medical Engineering, Astronautics, Energy Storage, Biosensing, and Current Progress. Heliyon, 10, e23102.
https://doi.org/10.1016/j.heliyon.2023.e23102

Panti¢, M., Nowak, M., Lavri¢, G., Knez, Z., Novak, Z. and Zizovic, |. (2024) Enhancing the Properties and Morphology
of Starch Aerogels with Nanocellulose. Food Hydrocolloids, 156, Article ID: 110345.
https://doi.org/10.1016/j.foodhyd.2024.110345

Lu, T, Li, Q., Chen, W. and Yu, H. (2014) Composite Aerogels Based on Dialdehyde Nanocellulose and Collagen for
Potential Applications as Wound Dressing and Tissue Engineering Scaffold. Composites Science and Technology, 94,
132-138. https://doi.org/10.1016/j.compscitech.2014.01.020

Albert, C., Beladjine, M., Tsapis, N., Fattal, E., Agnely, F. and Huang, N. (2019) Pickering Emulsions: Preparation
Processes, Key Parameters Governing Their Properties and Potential for Pharmaceutical Applications. Journal of Con-
trolled Release, 309, 302-332. https://doi.org/10.1016/j.jconrel.2019.07.003

llkar Erdagi, S., Ngwabebhoh, F.A. and Yildiz, U. (2020) Pickering Stabilized Nanocellulose-Alginate: A Diosgenin-
Mediated Delivery of Quinalizarin as a Potent Cyto-Inhibitor in Human Lung/Breast Cancer Cell Lines. Materials Sci-
ence and Engineering: C, 109, Article ID: 110621. https://doi.org/10.1016/j.msec.2019.110621

KA. PERAIZAER UKL YR G RAL . FLIBU 46 S S A 72 [D: [0 5], i S AR lloR 2, 2023.

DOI: 10.12677/hjfns.2025.145069 643 T 5 E IR


https://doi.org/10.12677/hjfns.2025.145069
https://doi.org/10.1016/j.lwt.2023.115673
https://doi.org/10.1016/j.carpta.2022.100195
https://doi.org/10.1016/j.carbpol.2023.121706
https://doi.org/10.1016/j.sintl.2021.100135
https://doi.org/10.1021/mp500337r
https://doi.org/10.3390/gels3030027
https://doi.org/10.1016/j.carpta.2020.100031
https://doi.org/10.1016/j.jmrt.2021.11.095
https://doi.org/10.1016/j.heliyon.2023.e23102
https://doi.org/10.1016/j.foodhyd.2024.110345
https://doi.org/10.1016/j.compscitech.2014.01.020
https://doi.org/10.1016/j.jconrel.2019.07.003
https://doi.org/10.1016/j.msec.2019.110621

	纳米纤维素在药物缓释中的应用
	摘  要
	关键词
	Application of Nanocellulose in Sustained Drug Release
	Abstract
	Keywords
	1. 引言
	2. 纳米纤维素的分类
	2.1. 纤维素纳米纤丝(CNF)
	2.2. 纳米纤维素晶体(CNC)
	2.3. 细菌纳米纤维素(BNC)

	3. 纳米纤维素的制备
	3.1. 化学法
	3.2. 机械法
	3.3. 机械力化学法
	3.4. 微生物法
	3.5. 酶解法
	3.6. 静电纺丝法
	3.7. 高附加值制浆法

	4. 纳米纤维素作为药物载体
	4.1. 机械强度与稳定性
	4.2. 生物相容性与生物降解性
	4.3. 药物负载能力

	5. 药物释放机制
	5.1. 扩散作用控制释放
	5.2. 溶胀控制释放
	5.3. 化学键控制释放
	5.4. 静电作用控制释放
	5.5. 纤维网络影响控释

	6. 纳米纤维素在药物缓释领域的研究应用
	7. 纳米纤维素复合材料在药物缓释领域的研究应用
	7.1. 纳米纤维素复合水凝胶材料
	7.2. 纳米纤维素复合气凝胶材料
	7.3. 纳米纤维素基Pickering乳液

	8. 结论
	基金项目
	参考文献

