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Sciences ,

ABSTRACT Ganoderma lucidum is a fungus belonging to the genus Ganoderma in the family of Polyporaceae. As a precious medici-
nal herb which can be used for both medicine and food, it has various biological activities such as antioxidant, antibacterial, anti-
tumor, anti-inflammatory, and neuroprotective properties. However, due to the difficulty in dissolution, low bioavailability, difficulty
in absorption by the human body, and the increased burden on liver injury patients caused by direct use, the application of Ganoderma
lucidum is greatly limited. In recent years, in order to improve the application efficiency of Ganoderma lucidum and expand its scope of
application, the research on its nanoparticle size has received widespread attention from researchers. The article introduces the prepara-
tion of Ganoderma lucidum nanoparticles (including biological, chemical and physical methods) and their applications and mechanisms
of action in different fields such as biomedicine, health care, environment and agriculture. It points out the shortcomings of existing re-
lated research and future development directions, and provides reference for in-depth research on Ganoderma lucidum nanoparticles.
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Methods

Nanoparticles

Preparation

Morphology and size

Biological method  Au-Ganoderma lucidum nano- Green synthesis

Chemical method

Physical method

particles

Ag-Ganoderma lucidum nano-

particles

ZnO-Ganoderma lucidum nan-
oparticles

Se-Ganoderma lucidum
nanoparticles

Si-Ganoderma lucidum nan-

oparticles

CuO-Ganoderma  lucidum

nanoparticles
Ganoderma lucidum poly-
saccharides as nanocarri-

ers with main chains

Ganoderma lucidum nanoe-
mulsion
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ma spore oil as oil phase
Nanoemulsion of Ganoder-
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rides in aqueous phase

Ganoderma lucidum nanop-

articles

Green synthesis

Green synthesis

Green synthesis

Green synthesis
Green synthesis

Green synthesis

Green synthesis

Green synthesis

Green synthesis

Nanoprecipitation method

Nanoprecipitation method
Nanoprecipitation method
Nanoprecipitation method

Emulsified solvent evapo-

ration method

Emulsified solvent evapo-

ration method

Emulsification method

Emulsification method

Emulsification method

Machine crushing

Spherical ,oval and irregular,
1 -100 nm
Spherical ,9-21 nm

Spherical ,11 - 16 nm

Spherical ,23 =58 nm

Spherical , (133.0 0. 361 )nm
Spherical ,200 nm
“Petals” ,50 =200 nm

Spherical , <50 nm

200 —300 nm

Spherical ,4 =5 nm

(54.76 £3.72) nm

60 nm

Spherical ,300 nm
Spherical ,190 nm
Spherical ,50 =200 nm

Spherical , (141.92 +3.38)

nm

70.08 +3. 15 nm

Spherical ,35 —37 nm

Spherical,, (54.23 +1.02)

nm

500 nm

Characterization methods Application Reference
UV-Vis,XRD,EDX,TEM  Inhibited HT-29 colon cancer [26]
cell line
XPS, XRD, TEM, UV-Vis, Antioxidant and antibacterial [27]
FTIR
UV-Vis, XRD, FTIR, SEM, Antioxidant , antibacterial and [28]
TEM inhibited the human epider-
mic carcinoma cancer cell
line
UV-Vis,XRD,SEM,FTIR  Antioxidant, antibacterial and  [29]
inhibited the breast cancer
cell line-MDA-MB-231
UV-Vis,FTIR,Zeta,SEM  Antibacterial [30]
TEM,DLS, XRF - [31]
XRD,TEM,UV-Vis,PL.  Detect Rhodamine [32]
TEM,EDS,SEM - [33]
TEM, XRD ,SAED - [34]
UV-vis, TEM, FTIR, Antibacterial [35]
XRD,DLS
HPLC,TEM,DLS Anticancer [36]
H-NMR, TEM Drug carrier [37]
FTIR,TEM,HNMR Drug carrier [38]
TEM,DLS Drug carrier [39]
Zeta, TEM - [40]
Cryo-SEM , Zeta Enhance the immunity [41]
DSC,PXRD,SEM Drug carrier [42]
HPLC, Zeta, DSC, Drug carrier [43]
PXRD,SEM
Zeta, AOR, Dt, SEM, Anti-diabetes and anti-oxi- [44 ]
TEM,DSC,PXRD dation as a drug carrier
SEM Inhibited Hela cells [45]
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2.1.6  HUBERE  Ranjith 255 %0f 525 40 880 0 40K S AL
BEURL ( Ag-ZnO-7 2 40K ) BEAT IR ANIF 5T, & LB % Ag-
Zn0-7 2 YK FE (938, %) oo-FE MY BRI oo 26 W9 T M 410
HI B, DRI Ag-Zn0-32 2 4k Al F Tl 45 Ak 1t
FEIRFEZ5Y) o
2.1.7 YN ARG E BR G AT AR L W P 25 A0 )
i L7 30 B 16 PR £ BT 38 0 LA 28 58 1 336 326 3
T ER A3 24 A WA 1 e T 49K 245 49038 i 2 5 14 1 B,
Yk T IR, B AT LR LA 5 O 37 4 K %
PRI 250 G 52 A AR I AR 5 (4% 120 X A 2L L 0 7 2
B QI 25X F5 215 5 R

Yao 451 Fil FIHUBESE T 2065 5 2 Z0B 0 4870 0 S R S 14
Rirf, BFFESSREI, R RIFREOE T, (kA8 ) Ak
AN 23% F1 1% 3 HAEEWIE (pH = 1.7) R 2 40k
eI S8 A el , NI TERR PEBR B T ARAE R 2 S, IR 7E
PEAME (pH =7. 4) J5 PO B2 . 3 4h, Lee 457 i3
S 2 25 IR 1 B A K A bR BT, AR 5 4 Kb R
K AP B FRAE e . M A A0 R 92 1 3R 2 A ok 3 ik
LR, TR BRI B2 . R Krobthong 45"
W 2 KR KNG A 7 S A0 ol =
TS IR0 , S I H R R e Mg 40 . e N A, R 9
T TSSK5 .SMU1_MOUSE \EIF3E 37, 1 KLC4 &K 1932 50k
B SXEERFEL AR, T K A R AL B g
RGN, 32 25 25 L P AR R
2.2 FRFAE B A
2.2.1 FRMBANISLRY T REGORX — FZE T
G AR A TR E RS 2 15 15 YA BT U T 2
R, DI, RIS W — R g REAS ATt
XECREAR  Fan 257208 R 2 R TREVEDK T, & LAY
10 mg 725 49K A F2 B 99% Bk W IRAS LT, IR 10 YR A7y
RFE 75% BTG YE . EAATIRET BN R 2 2y 8 Bk
Er IR Au-7 25 GORGKITORL , 1% 490 15 72 B HY Dok A A 16 J5 7
IR TR B RE ) , A 800080 T 3R BET5 L
2.2.2 fLIERT REZEKREA K R T BUR 5 9 454
R T LA O O L 2 B A i 16 30 4 T, Nguyen
24U ) PR B L A I T P 4% 6 45 B Au- 240K, TR
D HEB Au- 25 GURAE R AT, X S B 5 A b 1
I [F0) A PR 42 2 28 AR DS O, A R 4- S ) ( G HLNO' )
BT AE 400 nm AL F AT 3 TRGE S , 30 min PR il 5
M e A I, AU 520 Au-3 2 gk, AT LA ST Ve |
B SRR G BIVAT P AR e L A 4 R
AR REIAF 100% o [FIRE, Lai 4517 SR K $4 ik AR
SRR R L0, 5 P AAABRENTE 60 °C LI 12 h, 15
REZH-AURA R, TRAS/N (202 nm) | LR ERUK,
7E 60 °C \pH {5y 4. 0 B} FE BRI ) f AL P fr s
2.2.3 KRS YY Rk HA TR B0 BERE S, T LA
A R AR TR v ) T R I 5 AR 4 5 T B

Hh E 272875 2025 4 1 H 2R 60 55 2 )




e, IRV PR BE PG Y & 4. Neuyen 287 TR & 7 —3k
Xt Fe® R RAHE ) R 2 AR AL ks, (S8 3 B (028 fh il e A
0 KRBT P 4 S, Fe A B 1,85 nmol - L7,
SRRAER AAS K I H AR A LA B3 25 5, HLIRNBOR [/ ik
99.5% ~102. 1%  ZnO-R 2 KX B FHI 6G il HF £ 5
ORI R 25 10 77 mol « L7775 Ab R KI5 Y2 )7 T A 8K
4 g FH RT3 o

FEEYUORERT Al LA K BR5E b 1935 G4, o ml LA )
AR, TiO, - R 2 AUORAE R AL AT AT B
LW 7 R = W R i B e D O R W (AR
S R BUR A 150 C R SR I B8 i S Berk ka5
% 400 mg - |
2.3 kAR MR
2.3.1 HORAEEL it S A BRI, BA S S L R
AR AR T A2 ) A A T A W] A g Ak 2 T R 1) T 4 2 AR
i, AU AR, HUSAR SR m/N, R G
A AR BB 1 R R A A R HE R BF 5 A B
FIA BT AR SA AR = B HES S 7 R 454, B
HEFMAT AT IR, WG T FRAR IR 2F G ST
BEL B T 45% 41% 16% F1 33% , 4 B FEIE MR
M RIS T R R F R, W TOE SRR IINAE,
XS IRER TG S s AR S YR BHCGE Y A K P25
TEY = BT IR IR 25
2.3.2 HORRZ RZHORMRGHEIMB BN, 15
A2 F T /0 R g K AR 245058 T B 4% 38 B % s i 4 73
JIERRARRI IR 1 . Jogaiah 250044 Ag- 302 4 435
3 2 00 R B A I, 2R R BN S mmol - LT A
2T R A9 B BL B L TE 25 CHYSBRShiAL 7 d, SERE
B, KL Ag-RZGUORAE BRI 35 im FE A i | 358 & 08T
FInt AR 0 Ag- R 2 GORACHLSG , 754 52 i 2 i Al R g 0
RIEET B Ik B ALK R R %55, WA 9K AR 2540
SRR T B
2.4 EAAE M A

AR SR T 0 A 4 5 24 R A ST, R 5 4 K
LA SFIFELISN 30T U FA PP S R AR (1 6) .

B6 R4y KA

IE 22k 2025 4F 1 H 5 60 45 2 )

2.4.1 HiwdW WY LSRG 9T A 2l A B TS
e INZREEERZS | AU Y2 A DL R A Tt A LA 75
1113 52 22 A0 K AT DR 7 T 70 A 1 A ™ 1R 0 B D PR 2 4
Jei5He . Sneha-Paul %52 KB RAT 1. 57% R 2 UKL
U =l I (AR AT L 0 (B BR R A MO T ) 2
A RR AP G, 0 BT S 0 2 T A A PR B A ) T £
TUREOR

2.4.2 WM REZ0K T HRRRR B0 4 AL A
S, T LA R ] A A . RZ Pk i il i
i A O B [ 5 TR 90 K e S IR 2 BERR AN R A/
R i B RR S RE SRR, B—Fh
i RIBEZW A L& . 76 pH =6.0(0. 1 mol - L™ Z
RGO F35 CT 4 s AFLATARIHIGIN SR . ZRZK
A RIEAR T AE T A A A 300 W BRUE AR H I, T R
FHTF X8 RS UORERN 25 590 B 22 W 5 R AT E . Liu
A ok R B SR DT R AL AL AT SRR A R N
A, AT S S AR, T L R A A
Rz R 0. 1 mol « L™1 KLY 2 ~ 30 wmol + L™, 3%
R Z AR AT R TR L L R o

3 HitERE

RERE—FA TR0, R TR LA TR
A2 BE R o H Pl T I8 AR 132 22 R A W R P AR 26 B A R
PRI T o TR R 2 94 K A REAR A 3t At AL 7] At
FUR, ARSI 0 1 AR 3 Ao A Bk B ) Al 2 iy
REGUOK, BATRE5EA PR FITE A2 A T 1 e 25 W 7
SE TR BT AR SR e v e 2 W AL A A
DL WEFEEANTIERZR R ZE GORAE A W) B 2 O Al 7] B A
JHBLA , [RS8 R 2 ORAE IR ST B SR ) A9
e e A BB ) L FH T RSB 5 141

FURIT, R 2 AR AR ) B~ A i oy FH U A F 7 115 4k T
SER BT B, 1F Z R U e — 5T . DIPTSR EERAR
P ITA i R Z GO R R R TR , L4 KV 2 8 1 R
] | A AR AR A 22 4 25 T3 T, A DR G Wit PR 1L P v 1)
S EIT TR Z KA 25918 18 R PERE, (45
B R ) P AR 2 W R0 L SE K 2 W TR P 6 £ B I I 2
7 T 5 [P iy 5 ok R A s PRATE 9, Bk R 2 A oK AE VR
PR E BN HF AT RO A2 A, S HER SR AE I PRS2 B v 1Y
B AR Z AR SO . AN, R ZGORTEIR I ARl K bt
B L) S5 A BT ) IO, 5 75 DB AR )™ AR L S B o (L
DAL IR , DL DR AR S PR p B R e A2
etk e REZGURTEZ AN GBI 1 HORUE R, A e
st Ll FH SUSAAAE EL R BRI FE 28 1, DRSS A DL AT LI R 2
DRAE D P il BTN R], FRIE XS 2 i I AL DU L FR
S SE DI RE AL R, 7 B b o 225 BB 4 A DA B 2 B 1
i T HESh R GURTEAS A SR B SR, A58 5
AT AR IRAERE R RS AL 7 7 18] K &, LA S BLHCAE B R
FEL S B 3 ) AT REE

Chin Pharm ], 2025 January, Vol. 60 No.2 P 149




REFERENCES

(1]

(2]

[3]

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

- 150 -

SHEIKHA A F E. Nutritional profile and health benefits of Gano-
derma lucidum " Lingzhi, Reishi, or Mannentake" as functional
foods; current scenario and future perspectives [ J |. Foods,
2022, 11(7) : 1030-1058.

COR D, KNEZ Z, KNEZ H M. Antitumour, antimicrobial, an-
tioxidant and antiacetylcholinesterase effect of Ganoderma Lucid-

um terpenoids and polysaccharides: a review [ J ]. Molecules,

2018, 23(3) : 649-669.

SEWERYN E, ZIALA A, GAMIAN A. Health-promoting of poly-
saccharides extracted from Ganoderma lucidum [ J].
2021, 13(8): 2725-2738.

LI X M, XIEY Z, YANG B. Characterizing novel anti-oncogenic
triterpenoids from Ganoderma [ J]. Cell Cycle, 2018, 17 (5) .
527-528.

WANG J, CAO B, ZHAO H P, et al. Emerging roles of Gano-
derma Lucidum in anti-aging[ J]. Aging Dis, 2017, 8(6) ; 691-
707.

LIU Q, TIE L. Preventive and therapeutic effect of Ganoderma
(Lingzhi) on diabetes [ J]. Adv Exp Med Biol, 2019, 1182.
201-215.

QUAN Y Z, MA A, YANG B X. Preventive and therapeutic
effect of Ganoderma (Lingzhi) on brain injury[J]. Adv Exp Med
Biol, 2019, 1182 159-180.

YANG Y J, YANG B X. Anti-osteoporosis effect of Ganoderma
Adv Exp Med

Nutrients ,

(Lingzhi) by inhibition of osteoclastogenesis[ J].
Biol, 2019, 1182 263-269.

YANG J Y, SHANG L C, ZHANG C. Extraction of polysaccha-
rides and proteins from selenium rich Ganoderma lucidum myceli-
um and their in vitro antioxidant and anti-tumor activities[ J]. Nat
Prod Res Dev( KIRF=WITF 5 5T % ) , 2023, 35(3) : 453-459.
KURHADE P, KODAPE S, CHOUDHURY R. Overview on green
synthesis of metallic nanoparticles [ J ]. Chem Pap, 2021, 75
(10) : 5187-5222.

CHUTIA H, MAHANTA C L. Properties of starch nanoparticle
obtained by ultrasonication and high pressure homogenization for
developing carotenoids-enriched powder and Pickering nanoemul-
sion[ J]. Innov Food Sci Emerg, 2021, 74 . 102822.

GUBERT G, RIBEIRO E, VARALDA J, et al. Laser irradiation
of iron, cobalt, and nickel targets in liquid nitrogen: a facile ap-
proach for nitride nanoparticle fabrication of ferromagnetic transi-
tion metals[ J]. J Alloy Compd, 2017, 725 519-525.
ASHIQUE S, UPADHYAY A, HUSSAIN A, et al. Green bio-
genic silver nanoparticles, therapeutic uses, recent advances, risk
assessment, challenges, and future perspectives[ J|. J Drug De-
liv Sci Technol , 2022, 77 . 103876.

EL-KHAWAGA A M, ZIDAN A, EL-MAGEED A1 A A. Prepa-
ration methods of different nanomaterials for various potential ap-
plications: a review[ J]. J Mol Struct, 2023, 1281 . 135148.
GUPTA D, BOORA A, THAKUR A, et al. Green and sustain-
able synthesis of nanomaterials; recent advancements and limita-
tions[ J]. Enwviron Res, 2023, 231 116316

MOHAPATRA T, AGRAWAL M, GHOSH P. An overview of
plant-mediated biogenic synthesis of nano-catalysts and their ap-
plication in Fenton and photo-Fenton processes for wastewater re-
mediation[ J]. Chem Eng J, 2023, 477 . 146941.

EL-GENDY N S, EL-SALAMONY R A, YOUNIS S A. Green

synthesis of fluorapatite from waste animal bones and the photo-

Chin Pharm J, 2025 January, Vol. 60 No.2

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

catalytic degradation activity of a new Zn0O/green biocatalyst nano-
composite for removal of chlorophenols[ J]. J Water Proc Eng,
2016, 12 8-19.

GUI FZ, MO W J, GUO X P, et al. Biosynthesis of nanocrystal-
line silver chloride with high antibacterial activity using bacterial
extracts[ J|. Adv Agrochem, 2023, 2(1) ; 88-96.

XU X G, YANG Y, JIN H, et al. Filamentous fungal in situ bio-
synthesis of heterogeneous Au/Cd0. 5Zn0. 5S nano-photocatalyst ;
a macroscopic assembly strategy for preparing composite mycelial
pellets with visible light degradation ability[ J]. J Hazard Mater,
2021, 406 124797.

SINGH R, KUMARI P, CHAVAN P D, et al. Synthesis of solvo-
thermal derived TiO, nanocrystals supported on ground nano egg
shell waste and its utilization for the photocatalytic dye degradation
[J]. Opt Mater, 2017, 73, 377-383.

MILAN P, RABIN P, SUDIP K C, et al. Biosynthesis of silver
nanoparticles using Ganoderma lucidum and assessment of antioxi-
dant and antibacterial activity [ J]. Int J Appl Sci Biotechnol
2017, 5(4) : 523-531.

SABARATNAM V, GURUNATHAN S, RAMAN J, et al. Green
synthesis of silver nanoparticles using Ganoderma neo-japonicum
Imazeki: A potential cytotoxic agent against breast cancer cells
[J]. Int J Nanomed, 2013, 8(1): 4399-4413.

DANDAPAT S, MANOJ K, RAKESH R, et al. Ganoderma ap-
planatum extract mediated synthesis of silver nanoparticles[ J].
Br J Pharm Sci, 2022, 58 el9173.

KUMARI S, RATURI S, KULSHRESTHA S, et al. A compre-
hensive review on various techniques used for synthesizing nanop-
articles[ J|. J Mater Res Technol, 2023, 27 ; 1739-1763.

YANG X N. Research progress in the preparation of nanomaterials
[J]. Sci Tech Vision( BIALAL) , 2022, (36) : 66-72.
ELUMALAI D, SUMAN T Y, HEMAVATHI M, et al. Biofabri-
cation of gold nanoparticles using Ganoderma lucidum and their
cytotoxicity against human colon cancer cell line (HT-29) [J].
Bull Mater Sci, 2021, 44(2) . 132-137.

AYGUN A, OZDEMIR S, GULCAN M, et al. Synthesis and charac-
terization of Reishi mushroom-mediated green synthesis of silver nan-
oparticles for the biochemical applications[J]. J Pharm Biomed,
2020, 178 112970.

DAT T D, VIET N D, DAT N M, et al. Characterization and
bioactivities of silver nanoparticles green synthesized from Viet-
namese Ganoderma lucidum [ J]. Surf Interfaces, 2021, 27.
101453.

AL-ANSARI M M, DHASARATHAN P, Ranjitsingh A, et al.
Ganoderma lucidum inspired silver nanoparticles and its biomedic-
al applications with special reference to drug resistant Escherichia
coli isolates from CAUTI[ J]. Saudi J Biol Sci, 2020, 27(11):
2993-3002.

MOHANTA Y K, SINGDEVSACHAN S K, PARIDA UK, et al.
Green synthesis and antimicrobial activity of silver nanoparticles
using wild medicinal mushroom Ganoderma applanatum ( Pers. )
Pat. from Similipal Biosphere Reserve, Odisha, India[J]. Int
Nanobiotechnol , 2016 ,10(4) :184-189.

VETCHINKINA E P, LOSHCHININA E A, VODOLAZOV I R,
et al. Biosynthesis of nanoparticles of metals and metalloids by
basidiomycetes. Preparation of gold nanoparticles by using puri-
fied fungal phenol oxidases[ J]. Appl Microbiol Biotechnol, 2017,
101(3) : 1047-1062.

Hh E 272875 2025 4 1 H 2R 60 55 2 )



[32]

SMIRNOV O, DZHAGAN V, KOVALENKO M, et al. ZnO and
Ag NP-decorated ZnO nanoflowers: green synthesis using Gano-
derma lucidum aqueous extract and characterization [ J ]. RSC
Adv, 2022, 13(1): 756-763.

WEI D, HE H Q, CHEN Q, et al. Plasma mutagenesis of Gano-

derma lingzhi for breeding the high-nano-selenium strains [ J].

VETCHINKINA E, LOSHCHININA E, KUPRYASHINA M, et
al. Green synthesis of nanoparticles with extracellular and intra-
cellular extracts of basidiomycetes[ J]. Peer J, 2018, 6 e5237.
FLORES-RABAGO K M, RIVERA-MENDOZA D, VILCHIS-NES-
TOR A R, et al. Antibacterial activity of biosynthesized copper oxide
nanoparticles using Ganoderma sessile [ J ]. Antibiotics ( Basel ) ,

ZHENG D, ZHAOJ Y, TAO Y H, et al. pH and glutathione du-
al responsive nanoparticles based on Ganoderma lucidum polysac-

charide for potential programmable release of three drugs[ J].

KOU F J, WANG X, LEI J D, et al. Synthesis and performance
of Ganoderma lucidum polysaccharide/ursolic acid drug-loading

nanoparticles[ J]. lon Exch Adsorp (B354 50 [f) , 2021,

LEIH T, ZHENG R, WU P, et al. Preparation and characteriza-
tion of histidine-polyethylene glycol-Ganoderma lucidum polysac-

charide-methotrexate conjugate nanoparticles[ J]. Fine Spc Chem

ZHENG D, ZHAO J Y, LI Y C, et al. Self-assembled pH-sensi-
tive nanoparticles based on Ganoderma lucidum polysaccharide-

methotrexate conjugates for the co-delivery of anti-tumor drugs

XIE J, SUNLY, ZHOU T H, et al. Response surface optimiza-
tion of aqueous extraction for Ganoderma lucidum and its prepara-
tion of nanoemulsion[ J]. J Fujian Agric Forest Univ Nat Sci Ed
(R 24 1 SRR , 2023, 52(1) « 117-126.

YANG D, LI L. J, ZHANG Z L, et al. Nanoemulsion complex of
euphausia superba ( antarctic krill) oil and Ganoderma lucidum

spore oil enhances the immunity of mice[ J]. Mod Food Sci Tech-

KHURSHEED R, SINGH S K, WADHWA S, et al. Develop-
ment of mushroom polysaccharide and probiotics based solid self-
nanoemulsifying drug delivery system loaded with curcumin and

quercetin to improve their dissolution rate and permeability : State

KHURSHEED R, SINGH S K, WADHWA S, et al. Exploring
role of probiotics and Ganoderma lucidum extract powder as solid
carriers to solidify liquid self-nanoemulsifying delivery systems

Carbohyd Polym, 2020, 250:

KHURSHEED R, SINGH S K, KUMAR B, et al. Self-nanoe-
mulsifying composition containing curcumin, quercetin, Ganoder-
ma lucidum extract powder and probiotics for effective treatment of

type 2 diabetes mellitus in streptozotocin induced rats[ J]. Int J

GAO G, BAOHY, TOLGOR B. Anti-tumor activity of the nano-
scale fruiting body powder and the wall-broken spore powder of

Ganoderma lucidum in vitro [ J]. Mycosystema ( [ ¥) %~ 4R ) ,

WANG N, YU Q Y, WANG D L, et al. Synergistic antiaging

[33]

Mycosystema ( E¥)2#4l) , 2020, 39(1) . 13-22.
[34]
[35]

2023, 12(8) : 1251-1267.
[36]

Chem Eng J, 2020, 389.124418.
[37]

37(5) : 394403.
[38]

CRs 4 5% k25 , 2018, 26(5) : 34-37.
[39]

[J]. ACS Biomater Sci Eng, 2021, 7(8) : 3764-3773.
[40]
[41]

nol (BURE R ABHY) , 2020, 36(5) : 14-21.
[42]

of the art[ J]. Int J Biol Macromol, 2021, 189 744-757.
[43]

loaded with curcumin [ J ].

116996.
[44]

Pharm, 2022, 612 121306.
[45]

2013, 32(1): 114-127.
[46]
v E 22 4R 2025 4E 1 T4 60 55 2

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

effects of jujube polysaccharide and flavonoid in D-Galactose-In-
duced aging mice[ J]. Food Sci Tech, 2022, 42 . e46222.

ZUO Y, ZHANG G J, ZHANG C F, et al. The study of free radi-
cal scavenging activity of sodium humate[ J]. Cereals Oils (#R£r
Ljmfg) , 2020, 33(3) : 34-36.

TAFANI M, SANSONE L, LIMANA F, et al. The interplay of
reaclive oxygen species, hypoxia, inflammation, and sirtuins in
cancer initiation and progression [ J ]. Oxid Med Cell Longev,
2016 3907147.

ZHU M M, LEIJ, CHEN J T, et al. Preparation and oxidative
stability of Ganoderma lucidum spore microcapsules [ J]. Food
Ferment Ind( Xk 5 %8 T0l) , 2022, 49(9) : 207-211.

CAI W F, HU T, BAKRY A M, et al. Effect of ultrasound on
size, morphology, stability and antioxidant activity of selenium
nanoparticles dispersed by a hyperbranched polysaccharide from
Lignosus rhinocerotis [ J]. Ultrason Sonochem, 2018, 42 823-
831.

DAIC L, HE L Z, MA B, et al. Facile nanolization strategy for
therapeutic Ganoderma Lucidum spore oil to achieve enhanced
protection against radiation-induced heart disease [ J]. Small,
2019, 15(36) : €1902642.

MOHANTA Y K, NAYAK D, BISWAS K, et al. Silver nanopar-
ticles synthesized using wild mushroom show potential antimicrobi-
al activities against food borne pathogens[ J]. Molecules, 2018,
23(3): 655-672.

SHAFIQUE H, AHAD A, KHAN W, et al. Ganoderic acid-load-
ed solid lipid nanoparticles ameliorate D-galactosamine induced
hepatotoxicity in Wistar rats[ J|. J Drug Deliv Sci Technol , 2019,
50: 48-56.

LU J H. Preparation and anti-tumor study of a novel composite
preparation of triterpenoids and polysaccharides from Ganoderma
lucidum [ D ].
2021.

RAHI D K, BARWAL M. Biosynthesis of silver nanoparticles by
Ganoderma applanatum , evaluation of their antibacterial and anti-

J Pharm Pharm Sci,

Hangzhou: Zhejiang University of Technology,

biotic activity enhancing potential [ J .
2015, 4(10) ; 1234-1247.

KARWA A, GAIKWAD S, RAI M K. Mycosynthesis of silver
nanoparticles using Lingzhi or Reishi medicinal mushroom, Gano-
derma lucidum (W. Curt. ;Fr. ) P. Karst. and their role as anti-
microbials and antibiotic activity enhancers[ J]. Int J Med Mush-
rooms, 2011, 13(5) . 483491.

KANNAN M, MUTHUSAMY P, VENKATACHALAM U, et al.
Mycosynthesis, characterization and antibacterial activity of silver
nanoparticles ( Ag-NPs) from fungus Ganoderma lucidum [ J].
Malaya J Biosci, 2014, 1(3) : 134-142.

TIJANI N A, HOKELLO J, AWOJOBI K O, et al. Recent ad-
vances in Mushroom-mediated nanoparticles; A critical review of
mushroom biology, nanoparticles synthesis, types, characteristics
and applications [ J]. J Drug Deliv Sci Technol, 2024, 96.
105695.

AGARWAL H, SHANMUGAM V. A review on anti-inflammatory
activity of green synthesized zinc oxide nanoparticle; Mechanism-
based approach[ J]. Bioorg Chem, 2020, 94. 103423.

ZHANG J Y, SUN L L, ZAPATA P, et al. Anti-inflammatory
bone protective effects of nano-protein extracts from mushroom
species: Ganoderma lucidum and pleurotus ostreatus[ J]. Nanosci
Nanotechnol , 2017, 17(8) ; 5884-5889.

- 151 -

Chin Pharm J, 2025 January, Vol. 60 No. 2



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

- 152 -

WANG J G, ZHANG Y F, YUAN Y H, et al. Immunomodulato-
ry of selenium nano-particles decorated by sulfated Ganoderma lu-
cidum polysaccharides[ J]. Food Chem Toxicol, 2014, 68 183-
189.

TSAITL, TSAI C Y, KUO L L, et al. PLGA nanoparticles con-
taining Lingzhi extracts rescue corneal epithelial cells from oxida-
tive damage[ J]. Exp Eye Res, 2021, 206 108539.

SU M, YUAN M, SUN X T, et al. Determination of paeonol and
ganoderan content in compound paeonol nanoemulsion[ J]. Shan-
dong Sci( ILEREFF) , 2020, 33(6) ; 27-33.

KUMAR D, SENTHILKUMAR P, SURENDRAN L, et al. Gano-
derma lucidum-oriental mushroom mediated synthesis of gold nan-
oparticles conjugated with doxorubicin and evaluation of its anti-
cancer potential on human breast cancer MCF-7/DOX cells[ J]. J
Pharm Pharm Sci, 2017, 9(9) : 267-274.

ZHANG S L, PANG G B, CHEN C, et al. Effective cancer im-
munotherapy by Ganoderma lucidum polysaccharide-gold nano-
composites through dendritic cell activation and memory T cell re-
sponse[ J]. Carbohyd Polym, 2019, 205 192-202.
KROBTHONG S, YINGCHUTRAKUL Y, VISESSANGUAN W,
et al. Study of the lipolysis effect of nanoliposome-encapsulated
Ganoderma lucidum protein hydrolysates on adipocyte cells using
proteomics approach[ J]. Foods, 2021, 10(9) : 2157-2176.

MA' Y Q, LI H. Effects of intragastric administration of Ganoder-
ma lingzhi triterpenoids-bovine serum albumin nanoparticles com-
bined with exercise on obese mice[ J]. Acta Edulis Fungi (£
2R ), 2017, 24(2) ; 4448.

RANJITH-SANTHOSH K D S, ELANGO N, SELVARAJU G D,
et al. Mycosynthesis of zinc oxide nanoparticles coated with silver
using Ganoderma lucidum ( Curtis) P. Karst and its evaluation of
in vitro antidiabetic and anticancer potential[ J]. J Nanomater,
2022, (1) :2798532.

YAO Z C, JIN L], AHMAD Z, et al. Ganoderma lucidum poly-
saccharide loaded sodium alginate micro-particles prepared via
electrospraying in controlled deposition environments [ J]. Int J
Pharm, 2017, 524 . 148-158.

LEE X J, LIM H N, GOWTHAMAN N S K, et al. In-situ sur-
face functionalization of superparamagnetic reduced graphene ox-
ide-Fe; O, nanocomposite via Ganoderma lucidum extract for tar-
geted cancer therapy application[ J]. Appl Surf Sci, 2020, 512
145738.

SUN S, LIU P Y, ULLAH M. Efficient azo dye biodecolorization
system using lignin-co-cultured white-rot fungus [ J]. J Fungi,
2023, 9(1): 91-103.

FAN L L, WANG Y, ZHAO M, et al. Magnetic Ganoderma luci-
dum spore microspheres; A novel material to immobilize CotA
multicopper oxidase for dye decolorization[ J]. J Hazard Mater,
2016, 313 122-129.

Chin Pharm J, 2025 January, Vol. 60 No.2

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

SHIMAL-YOUNIS A H, MUSTAFA N O, MUWAFAQ A R, et
al. Rapid mycosynthesis and characterization of phenols-capped
crystal gold nanoparticles from Ganoderma applanatum, Ganoder-
mataceae[ J |. Biocatal Agric Biotech, 2020, 27 101683.
NGUYEN V P, LE-TRUNG H, NGUYEN T H, et al. Advance-
ment of microwave-assisted biosynthesis for preparing au nanopar-
ticles using Ganoderma lucidum extract and evaluation of their cat-
alytic reduction of 4-Nitrophenol [ J]. ACS Omega, 2021, 6
(47) : 32198-32207.
LAI X, HAN Y, ZHANG J, et al. Peroxidase-like platinum clus-
ters synthesized by Ganoderma lucidum polysaccharide for sensi-
tively colorimetric detection of dopamine[ J]. Molecules, 2021,
26(9) : 2738-2750.
NGUYEN T H A, NGUYEN V, PHAN T N H, et al. Novel bio-
genic silver and gold nanoparticles for multifunctional applica-
tions; Green synthesis, catalytic and antibacterial activity, and
colorimetric detection of Fe ( Il ) ions[J]. Chemosphere ( Ox-
Jord) , 2022, 287 132271.
DZHAGAN V, SMIRNOV O, KOVALENKO M, et al. SERS-
substrates based on ZnO nanoflowers prepared by green synthesis
[J]. Anal Biochem, 2023, 681 115328.
EKAR S, NAKATE U T, KHOLLAM Y B, et al. Effect of Pd-
sensitization on poisonous chlorine gas detection ability of TiO, :
Green synthesis and low-temperature operation[ J]. Sensors ( Ba-
sel, Switzerland) , 2022, 22(11) ; 4200-4213.
NAZMI S, YUSUF Z, FUAT B. Green synthesized ZnO nanopar-
ticles using Ganoderma lucidum: Characterization and In Vitro
Nanofertilizer effects[ J]. J Alloy Compd, 2022, 918 165695.
JOGAIAH S, KURJOGI M, ABDELRAHMAN M, et al. Gano-
derma applanatum-mediated green synthesis of silver nanoparti-
cles: Structural characterization, and in vitro and in vivo biomed-
ical and agrochemical properties[J]. Arab J Chem, 2019, 12
(7): 1108-1120.
REN H N, MA LY. Research progress on functional textiles[ ] ].
Text Stand Qual( FiZARHES Fikt) , 2023, (3) : 5-11.
SNEHA-PAUL C S S A. Fabrication of silver nanoparticles syn-
thesized from Ganoderma lucidum into the cotton fabric and its an-
timicrobial property[ J]. J Pharm Pharm Sci, 2015, 7(8): 53-
56.
CHAWLA S, RAWAL R, PUNDIR C S. Fabrication of polyphe-
nol biosensor based on laccase immobilized on copper nanoparti-
cles/ chitosan/multiwalled carbon nanotubes/polyaniline-modified
gold electrode[ J]. J Biotechnol, 2011, 156(1) ; 3945.
LIU C, ZHAO Y M, XU D, et al. A green and facile approach to
a graphene-based peroxidase-like nanozyme and its application in
sensitive colorimetric detection of l-cysteine [ J |. Anal Bioanal
Chem, 2021, 413(15) . 40134022.

(ki H 391:2024-05-09)

Hh E 272875 2025 4 1 H 2R 60 55 2 )



