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Abstract

This paper investigated the activity of Gold Nanospheres (GNSs) damaging Human Serum Albumin
(HSA) under ultrasonic irradiation using fluorescence spectroscopy and UV-visible spectroscopy. The
influence of GNSs concentration and ultrasonic power on the destruction of HSA molecular was fur-
ther explored. The research results revealed that, under certain conditions, the activity of HSA de-
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creased with increasing GNSs concentration and ultrasonic power. Additionally, the study also re-
vealed that GNSs could be activated to produce reactive oxygen species after ultrasonic irradiation,
and its yield was positively correlated with GNSs concentration and ultrasonic power. This study
holds significant importance in providing insights into the rational application of GNSs at the mo-
lecular level.
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1. 518

2022 [ R O BE o, FRIEA 482 JiJEIEETR RG] & 321 JIACTIRBI[L], BRAEL 1
N kE, W HMF 2S5 —HAE LA, Fay) &2 RSN FB. 59k, FHalpris
(Sonodynamic Therapy, SDT)#{ R R 2 FIRHIF A 29, SDT A& Sk 5 BGR & 4270 B A, FARSRFE
R P YR VRS e A ) P R, (RSO A 1 P R S R 2H 2 B A ) AU E T AR 2 B 1 R A
(Reactive Oxygen Species, ROS). 4k, 83 51 AL I BN 248 R G0~ A2 ROS, 1 11 45 493 fi 78 441
(¥ DNA. HE . IR NETEYIB, B4 S To[2] [3]. B, & SDT MaH . FHAAR
B P 2y J I B0 7R ORI S BRI 0 SDT il AR B2 HY BA 38 285 3

402K 4 UKL (Gold Nanoparticles, GNPs) /& U KA 7o 55 2 (9K B, AT Vi 2 48 AR I8 2 v S FH 1)
Rk, tnREFIAEVMEENE. TEENEASE. HElH4E GNPs AT E RN F TSR, LER
FIFI b2k R B2 BT AT 24038 GNIPs fRRiA%, BRI GNPs 38 HAT KR TR 5 4 1k (0 A [4]. BRbz 4k, GNPs
DRI 1) P A P AN IR v 1, FAE AR BIGRI, 72 SDT W B s RIS AR, Ik e 2 M H
FHUREE 2 d . ALE A A (Human Serum Albumin, HSA) & A I3 dhf F BRI & AR, 2510
KEEAM 60%, MRHELSEE, EAERHURETRSBER. 185 NI INEY T DL S H At AF 22 D) 5E i
AT E BRI [5] [6] [7]0 24 HSA [RIAMJE P DR 28 1M v 1k AR B kD B, MRS I sk
A% KA. 2T, s 1 N REEEER, A EH SO Kk, R N RESEER[8]. Ftk, RANH
GNPs 1E g 75 B 254 i3 240 sk 72 o = 2R 1 BIAE IR HSA B4R R S B AR+ 4 2L

AR IR FT GNPs 78 75 ] R X HSA 73 B B3 1 00, FFAE LRl 25 %2 7 GNPs K
FE. BAEDRAEEE R, K, IR T EiR GNPs mEah /it HSA ERERINLE. 75 AT FthEXT
GNPs =208 FH T SDT vA 7 s 45 A Bl

2. Kh
2.1. (XE_5R

AN - LB EETE (UV-2550 &Y, HARBEAR); wOuEiii (F-7000 &4, HAHNLAR); @
PR (5N Tk el X A BR A D) PIKE SR (E 2R R A AR AR s Mg =8 CRiE
WBOE R ) s IR CLBH BT EARTF R XARA ) KERRR QLA HEATT R XARA) ) AliE
A S R AE R AR AR« 1,3- 2K 5 R R ki (B 22 se AR AR TR A |) s B i)
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PR e, S FK R K
2.2. GNSs Byl &

SEBGH R TI FH E /K AL B S50 R v i B 00 B A BB AR, EOKAREE 1 h, SRJEH B SRoKE—iE,
FHZR K Ge—3, HONIE IR 60°CIHMEFHE 1 he AL B TR 4320 0.01%01 504 R T TR i & 0 20h 1%
T B RR R, TR RTFREL 200 mL 042 12(0.01%), {81\ 250 mL B, JFMNEE T, Al EIfA
TR, R AR IR BB A AR, W BB RS A E D 200 r/imin, IR EE DARE 10°Ca S, 4
R 100°CHY, DAARE 5°CHEMINAAE S . Shr, [ B SEEE I 2 mL AT RN (1%), W& ET
MR B O LA, AR G)E, FnH 18 min, #EREEIE SIEAH, JRHE 4°CUKRIEE
TRAFE[9].

2.3. GNSs AREME AR H5H HSA BIRR

B 5 4N 25 mL EEIFRIC N a~e, AN 10 mL KN 2.5 x 107° mol/L ff] HSA &, a A
A, 18 b~e PRI 1.25 mL. 1.50 mL. 2.50 mL. 5.0 mL ) GNSs ¥, /1 PBS 2 ks
ZIE, Be AR 23 514 0.00, 0.25. 0.30+ 0.50. 1.00 x 102 g/L ] GNSs VAW« K5 iR 7 F- 3 70 B 473
— TR IRILT, fE5EFN 0.5 MHz. BhZN 0.16 W/em? (461 N #HTREDE A 2 min, 55— T
Ak T TRIRE R ] 7 4 T 2 ) s 9 e i, UK UK 280 nm, BRE%3504 5 nm, R EBGH
200~800 nm, %2 GNSs ¥ JE K Z X HSA $ 4% 152 [10].

2.4. FBFEIhEIT GNSs Bzl HSA RIS

B4 A 25 mL AEMFRC A a~d, 2HII0 10 mL ¥ E N 2.5 x 107° mol/L () HSA &, H] PBS 2%
MR ZEZIE, 1 HSAWRE N 1.0 x 102 g/L. b~d M4 HIA0A 5.0 mL ) GNSs ¥, i PBS Z2rfif
Pl B2, AR E N 1.0 x 1072 g/L () GNSs %l 285 WA B P 43 BIEL 4 mL 700 B T bRy 97 I
H, A RIESIZE N 0.5 MHz. Th# )9 0.08. 0.16. 0.24 W/em? (46 1F F AT BEGEE 2 min. @E WG
A3 B RE 90, R I K: 280 nm, $R4%1979 5 nm, I B YE FEl 200~800 nm [10].

2.5. HABES GNSs 5 HSA HLFIFFER

B2 A 25 mL & EIMARICy a Ml b, ZrHIBA 10 mL ¥ 2.5 x 10™° mol/L 1) HSA ¥&, #RJ5TH b
M 5.0 mL () GNSs ¥, /5 H PBS 2Tl Gt — MR R 20 . B BIRIEWCTF- 1 o by, —hET
GALBCE 2 min, BB TR IR, ERN 0.5 MHz, ThEA 0.24 Wiem?® (46 4F R #E4T 8
FE 2 min, HEALER S BIRE S EEAT SR AN - AT WG TEAS I K [R5 0 el o

FYHL 2 /> 25 mL AR LN a Fl b, BN 7.2 mL (B2 A A A M RE 1,3- 2 S R TR
(1,3-Diphenylisobenzofuran, DPBF)# (700 umol/L), #RJ5 1A b #1 0 5.0 mL [ GNSs ¥, x5 25
FKG—FBEEZIE. av b B HIECH 7 mL FE&E TR ERILF, £ H 0.5 MHz, 0.16 W/cm?
FEFE IR . M oas b B 53 &I 7 mL AR S ANEE RS, (EARTR . 2 min 5, DAJG/K ZEEVE 7 A2 Ll e
BT FE SR 415 nm AL WO [11]

3. &ER5vHe
3.1. GNSs JRE X E Bz H#RMs HSA RIS

5 WA BRI R 09 TR — i B, 20T A

R R A BEAS BB
Mo, RS R IIJE R, T RR RE W ™ A 9 6 I AR 9 2% S I

BRI I 53 5b
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—FpE, “HEMEAER)E, SRATNIERING, BRIV I 6 g I %, 5% KT
VIRFR K. 24 HSA 5 GNSs 4565, B A T IO 24 GNSs ¥ K[12],

B LA, fEME IR, B4 GNSs IREERIIE N, HSA M5O E A A R I%. Uik
FEA RIS GNSs X HSA & pediifsi, I HAEFHXCRBE GNSs WK FE g hnmikgse, RATRE= Ky GNSs
WREERK, WO 8 5 77 A5 ROS %, JETTTXT HSA rh 9% Y55 7= A 58 R B AR E F
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HSA-GNSs+US 0.00 10 g/L
025 % 102 g/L
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Figure 1. Fluorescence spectra of the effect of HSA by sonodynamic damage with GNSs concentration
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Figure 2. Changes of fluorescence intensity of HSA and HSA-GNSs system with GNSs concentration
2. HSA Fl HSA-GNSs A RV IBERE GNSs iR RIZEL

KHARQ)THE R K Z[13].
Reo (%) = (F,— Fy)/F,x 100 (1)
THEAN R GNSs I IR A 45077 HSA AR 52 6 K (Req)» P Fo IR A 75 %A T HSA-GNSs
KRR DRI, FyRon e B2 N HSA-GNSs 7R R 3 e Hm . |IE 2 Al I, 24 GNSs I M 0
Wn#) 1 x 1072 g/L i}, Reo Bt GNSs ¥ F3 a8 hn, 156 A 758 75 BT 461 HSA I FEfE Bl %

GNSs ¥R LRI TG 3. [FIIF, AAIE] 2 HmT UG Y, AR 7S U 257 T, HSA-GNSs 1A R 9%t )
T R FE AR 75 B 26 A HSA-GNSs R R INPOLIREE, IEWTE A IR T GNSs X HSA 7 14547 o
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3.2. BAEIhEX GNSs FahAiifs HSA KRS
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Figure 3. Fluorescence spectra of the effect of HSA by GNSs sonodynamic damage with ultrasonic power
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Figure 4. Changes of fluorescence intensity of HSA and HSA-GNSs system with increasing ultrasonic power

[&] 4. HSA F1 HSA-GNSs & ZKEFE TR G R R E Tk

P DR RN HSA-GNSs 7R R VOE s ERZ N 3 Fron. M 3 I, R B R 1F T,
HSA-GNSs 1A 5 %¢ 't oit KL KR 75 Th R (3G i AW FEfk. B 4 sRar AE Y, R A RS AF TR, HSA
A HSA-GNSs 14 3 [)7%¢ 't 56 5 AR Bt 3 1 7 S & (R Inimg Ak, ELAR DB A D3N, HSA iR R B3 52
IRZ KT HSA-GNSs 1A R DGR . I B i A DD AR I3 A 2 38R R v N (K38 55 2],
[ IS (2 £l 56 22 1) GNSs B, ik R b A L 1) ROS, HEMANE 1% HSA 73 Hh ] j= A= 5 e i) s A
PRTRSEIAFELE, HAHAGIOME, RAFBHSA VOB K. RAAR(L)THE HSA i
PR BN Req IA2AL, HIF 4 AL, Req BEEHEFS UM DR AOHE N 22 7@, Jidie, @S
GNSs M A 11 IS HSA 731 (K453 175 it 25 i 7 Tl < (0 8 i o 28

3.3. HBABEE GNSs i HSA IR

MAR R P KZE AL =15 nm F AL = 60 nm B2 B EE 28 e Yk 6] 5 #1156 KE, HSA 5 GNSs
BERBEF EIRGREERR, HIRRRATEAER, G AR/ Z HSA GBS
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Figure 5. Synchronous fluorescence spectra of HSA under different conditions (A4 = 15 nm)
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Figure 6. Synchronous fluorescence spectra of HSA under different conditions (A4 = 60 nm)
E 6. TEIFHET HSA BRI SR IEE (AL = 60 nm)

NRE— DR AR EIR IR R, A TR R A ROS. ROS 24T A e 48 S5 =4,
AFEHEE A7 A AR [ B ROS F & & 2 51 2 MO I R A, A, ROS
AT IEMIThEE, 1% A7 248 HRE M ROS WKE, 1 ROS F# R4 3 EUEH 4 m
WALEEAS, 2 ROS SHEIA4IM A a0 DNA. EAFRANR RS, M fE4istr[14]. T ROS
WEE, CPIEMIRE, HATAEES BT ROS BHTHLIN I T IEAEH B IR . AW SR H ROS i MG 15
LA EIREN DPBF B, FH5:T DPBF [142 [a] 4%t ROS i Hi € B 8E Y73 [15] . DPBF #&—Ffi
F 0, a/n W4T, 1 415 nm A B RHE IS . S35 A "0, {7 7ERS, DPBF ¥ 5 s, S
i ROS JE S A I H. DPBF 73y 1,2-BA S, 12 BEA AT 0%, 22 /i DPBF £ 415 nm
Qb AR ST I T S o R, AR A - T 2 O EE THR N DPBF 7E 415 nm AL R B AR AL, 7T L
R b o, SR AR 16].

M 7 B, 4EAETHE Y 0.16 Wiem?, BE% GNSs WM 0 803 1.0 x 1072 g/L i, DPBF [
e 2 TR, UL I ST, GNSs BRI 5] 2 HSA-GNSs & &+ ROS & &4/, it
M HSA WEME . X5 15 38IME5 0 —30, @A R &M T, HSA-GNSs & R4 HSA i FEREE
Bt GNSs i FZ s hnmisin. M 8 wLLEH, 24 GNSs#KkE N 1.0 x 1072 g/L, ##AHIhZH 0 Wiem?
5] 0.24 Wicm? i 381, DPBF (WIS R SRR R R4, RIS HSA-GNSs 1k & 7 ROS & &%,
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Figure 7. Effect of ROS yield of ultrasound system under GNSs concentration
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Figure 8. Effect of ROS yield of ultrasound system with ultrasonic power
E 8. BAETIEIMBAEKRS ROS FFEMFMN

4, g5ig

AT FEAEBER AN - W] Gk VL. I EESET B, % Tl RSN GNSs X HSA 7 Fis M35
15, 9T T GNSs ¥ B FIHE 5 TR % HSA FISEIH . 45 560, 7E4% N 0.5 MHz. #A % 0.16 W/em?
IR, B GNSs W E M 0~1.0 x 1072 g/L iZ i1 In, HSA KI5 FEREIZ Wi inE ; 76 GNSs Wk AN 1.0
x 1072 g/L 44 R, B SR 0~0.24 Wiem? ZWiHain, HSA KRG FEREE W E . i — R 5
HAEFMLE, I GNSs I B8 I A = 4R i3 % S350 ROS S &M &M, #i45 HSA WY
i, M S E0E T PR A HSA IITE TS, 0 700 T 20 T 7K1 RE e 9K 4 4 8N P T 2% 420 fh g 4 i
HAREERZ L.
HE&mHE

ACHIE TR RN ZiT R H 7 (X202310140074) %5 B
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