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E: RIHKFE TiO, 8 Kb T NaYF,: Yb, Tm@NaGdFE,:Yb, SRIGIEME 21 ( PEL) FIZEHA
15 (PAA) JHBEEIER (FA), Hil& T ERSZ AR M4 AKOEH5T] (NaYF, @ Yb,Tm@NaGdF, : Yb@TiO,@PEI-
PAA-FA ), B XRD 1 TEM 1 NaYF, : Yb,Tm@NaGdF, : Yb@TiO, [¥FHFITESR, FTIR Fl Zeta HL{viESE
AU R, R T 70 AR OO . 25RER] . 7E 980 nm IFZTAMG (NIR) F, 4K
FIEEAE TR 1,3- 2R AT A R O E RS R FRARIE A T B S A A= . EAh, GKGRGR mT LA
HE (DOX), WARBHFR 50.8%, WEFEN 84.7%. HZFEHAINHEF DOX BHH B A pH Mk
P, 7E NIR JRSTARREA T (pH=5.0) 1 12 h i BFRGERR Ny 38.1%, i THENTT (pH=7.4) 1Y 10.4%.,
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Prepar ation and Properties of Targeting Photosensitizer
NaYF, : Yb,Tm@NaGdF, : Yb@TiO,@PEI-PAA-FA
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Abstract: Folate receptor-targeted nanophotosensitizer (NaYF, : Yb,Tm@NaGdF, : Yb@TiO, @PEI-PAA-FA)
was prepared by coating TiO, on the upconversion nanoparticles NaYF, : Yb,Tm@NaGdF, : Yb via a
hydrolysis method, followed by modification with polyethyleneimine (PEI) and polyacrylic acid (PAA) and
subsequent conjugation of folic acid (FA). XRD and TEM were used to characterize the crystal structure
and morphology of the inorganic components of the nanophotosensitizer. FTIR and Zeta potential were
used to verify the binding of these organic components. Upconversion luminescence spectra of the samples
were also measured. The decrease in the absorbance of 1,3-diphenylisobenzofuran solution in the presence
of the nanophotosensitizer under 980 nm near-infrared (NIR) laser irradiation indicated the singlet oxygen
was produced from the nanophotosensitizer. Besides, the photosensitizer could carry doxorubicin (DOX),
the maximum drug loading efficiency was 50.8% and the encapsulation efficiency was 84.7%. The DOX
release from the nanophotosensitizer was sensitive to the pH value of the buffer. As the DOX-loaded
nanophotosensitizer was suspended in an acidic buffer of pH=5.0 and exposed to NIR laser irradiation for 12 h,
the cumulative release of DOX was 38.1%, much higher than that obtained from a neutral buffer (pH=7.4),
which was 10.4%.
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JE I 48 1 1) 9 R RV e A 3 )™ S UM
AR A o AL BRIk RUOT AR AR 4H
SUEPRVE2ZE . 2RI TR . S RIE T RS ) R,
Yzl 51971 ( photodynamic therapy, PDT ) J2&f il
FEHEFNAEE BT 7= A 9 iE PR E WD ( reactive oxygen
species, ROS ) & K8 4u M i) — FhAE AR IR IY
FoR, WBITVE AR A AE G R A2 i X 3, A
1717 22 B4 T 14y DX e 6 P R 22 A T i PR B A AL
IINGY TR OR B L 2 B B R, T DL IX Ok
BB IR, kA CEAMS, X
Uy Bl Rl B ] G R S BRI 7 CR -

WA BB FRAOEAK B upconversion
nanoparticles, UCNPs ) f&— 2 figif i i 21~k fg
HIRLLAMGT . St & 5) e it 1y /Mt T I
FHIThREs B, TR/ (NIR ) B4 21558
AEJTHC0R . UCNPs i & G AT DAOR FE 22 HGH]
TN ATE B SRR ) UCNPs bW it
AHDEHEN IS E A T E RS T R,
AT NIR & H) PDT 4K S6R] , A B0 30
B VR 25 W AR E IR 2 2L, 1 Bh Kok 1Y
HUORIB I 5 i B AN JE K 2 ) Y 2 L BRI, A
TG CABEIRY T IR S e Thi RS Bt s 10,
itk — DGR ROR , — B PREA f B) UCNPs
YRGB ST 25 T 2 DIRE K 251

< T < /-
CTAB |
NP N \
“(w(n;!k

AT LLRARTT 259 e 3ot 2 g AU Rk, TERE
FREE B R A S B4R 7 -PDT HhRlAIF> 2 R
U, AR R pH e R A RE M RE X R RDIG T
WIS DI RE OGS, T2 T A5 Bh 4 KOG G
Jir A B as s L5 Si0, . KPR 42 B
Xt 25 RS | A SR R O T e s T
AT L S RS AL AT 94 K 2 W e e PDT P fig
) RAERTT 25 B0, TEHOR E HAMERE, B
HI SOk I D

AR —FFEA 980 nm NIR UK 5 PDT-1L)7
B[] 35 ek 92 4 B g i %) 0L 1) 40 0K 245 0 °F- 15 1) ) o
Jrke B, KRS T NIR 3K sl iy Tehlot
57 NaYF, : Yb,Tm@NaGdF, : Yb@TiO,, #t—
T JH: 3% T B 11 3R 2 0 IV i R 2 D s T (1 16 - 7R
DL, FRAS A ) 48 K G B T B [ R A2 AR 0o Rk
Y g 40 Y . NaGdF, : Yb 727 L3 E NaYF, :
Yb,Tm B AR IR 0] 25 )7 & B4 et
FERE AR BG5BT BT AR SCAE ST 0 1) 44 K
YT A S . RO oA . 3R T LA SRR
pyEEAE L, 1hie T AR PDT JBHGRI ROS F7 4
AEJ) . SUECFIB B ALY T 25 R (DOX) 1Y
PERE. BEmZ59°F- 5 1 % . DOX a8 5 Bt #2
R ER:

UCNPs CTAB-modified UCNPs ~ UCNPs@TiO, UCNPs@TiO,@PEI  UCNPs@TiO,@PEL-PAA
J FA (V)
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080 Y O release | WS o DOX o BRI
i@l T eae el o o SR & W)
T e, W TS (e
b S BT AR

DOX release at pH=5.0
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H
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—DOX

1 SEIEES

11 RAFEEE

ANIKEEMA (), ASKEFAE (D), A
KA FAEE (T, 7<KA S ALEL (TID) ., JhR (OA ).,
+/\Ufi (ODE), 1-(3-—H &N IE)-3-2 K0k — W
fedh iRtk (EDC ). N-F2IEBEFAMEW e (NHS ). &
NHER (PAA, T340 50%M9/KIER , My,=3000 ).
Mg (FA), —HIEWH (DMSO). 1,3-— ¥t
ZFFwkiE ( DPBF ), AR, F[hi TAb2#A R 3 XL
(LB R 3 — 5 N EKFRiE ( TDAA ), AR
Sigma-Aldrich AH]; SCAWAVR & W% (PEI, Jit
HE 30%M KB, My=50000~100000 ), Alfa
Aesar fb 252 A FRA ] 5 B8 2 DOX, i it 734K 98% ),
ATAEYTRE (L) BhARAR,; TSk =
LRI 2 (CTAB ). W W M HAIF 3l AR,
25 42 AL 0 A FRA R SER K O KRB FK,
o8 FH W8 T — S R R TR A T R TR R % iR
(PB), i Fi ik iR S 6 Rl T2 6 I o) ke T 5 2% v i
W, WEEYIA 0.010 mol/L,

JEM-2010 %135 5 o 8 33 8% , H AS JOEL 2 A
D8 Advance Y X BFZRAT 5L, 1 Bruker 23 A ;
Nicolet Nexus 670 %U{# HLf AR He 21 AMGIEAL, & F
Nicolet 2\ ] ; Malvern zetasizer nano ZS90 B 44K %7
BN Zeta AL HTAX, Pi[E Malvern A F]; F-7000
W5 G606+, H A4S Hitachi 2] ; Lambda 25 %
EA-A] WL AT, 32 [ Perkin-Elmer /A H] .
1.2 NaYF,: Yb,Tm@NaGdF,: Yb &I &

Z % SCHR (18] /7 ik A& L NaYF, @ Yb,Tm@
NaGdF, : Yb (UCNPs ), ¥ 0.2124 g (0.7 mmol )
YCl3-6H,0. 0.1162 g (0.3 mmol ) YbCly-6H,0O #il

0.0019 g (0.005 mmol ) TmCl3-6H,0 5 6 mL OA Fll

O OH

O‘O‘ wm

H,cO O OHOH

o
NH,
DOX

—PEI —PAA —FA

—DOX

15 mL ODE 7 = FUBef N FE A ) 150 C 2=k
W, BIRTORERER 50 CRHINA 5 mL WE N
1 mol/L NaF Ay B2, THEZE L EE, AR
FAE 320 'CRN 1 he FHPIEAPER S HH 4=,
BAEFH NaYF, © Yb,Tm 3 HE7E 20 mL FR ke,

F AN E AR Kl % NaYF, © Yb,Tm@NaGdF, : Yb
FEIE ML R AR ., DA NaYF, © Yb,Tm
¥, FE)2 B 1 E:4 0.1300 g (0.35 mmol )

GdCl;6H,0 #1 0.0581 g (0.15 mmol ) YbCl;-6H,0,

e 1 mol/L NaF 9 FH A 2.5 mL, HAth 2%/
AAE, 193] 100 mg NaYF, : Yb,Tm@NaGdF, : Yb
ATHELPE 20 mL 3 CobEH TR 226 .

1.3 UCNPs@TiO, B %l &

SRR B, i FEmAEB e # 0.15 ¢
CTAB ¥ T 10 mL 7K1, filA 2 mL UCNPs } 4t
SO, TE 80 “CAVE i Hk BRI , 20 KBk
R, KRR A CTAB, #0720 HIZE 10 mL
SEPEES, A 5 mL ZKF1 400 uL 7K, $E4E 30 min,
TERGIEHE T B A 50 uL TDAA 5 10 mL 5 P9
PR G VW, dksehidk 24 ho BOAEREE, Ha
BEVEA PR, FeAs BRSBO7E 20 mL SR, 55 A
KIMZETE 200 °C T dbfe 5 h, 132 JTCHL G
UCNPs@TiO, # K 20 mg.

1.4 UCNPs@TiO,@PEI-PAA-FA K%l &

B 15 mg UCNPs@TiO, #11 100 mg PEI, 7£ 9.7 mL
WeBEN 0.010 mol/L ARRELZE vl (pH=9.5) ik
5 h JE A 30 mg e, B NHEFT 1.5 h S5m0
A 2.7 mg KBHy, JZ W 15 min J5 EBREH , KEEPIX,
PSR B 1 €0 Bk UCNPs@TiO,@PEI 73475 3 mL PB

(pH=7.5)" . % 7.5 mg PAA .0.5 mg EDC F1 0.5 mg
NHS /il A 5 mL PB( pH=5.0 ) #&7% 30 min, ffl NaOH
P77 S e % pH=7.5 J&5 I A UCNPs@TiO,@PEI 43
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B, IRV 4h, # 1.0 mg FA, 1 mL DMSO.
1.6 mg EDC #1 1.1 mg NHS fil A 3 mL PB ( pH=5.0)
PR % 30 min, fH NaOH #45 %# pH & 7.5
Jo, KHImE S UCNPs B, =img i
S 12 ho B0 B4R N, R PB RIZK B I AL
T 21K, #33] PEL. PAA &M Fl FA {3K A -2 32 14
A A KRR ( UCNPs@TiO,@PEI-PAA-FA ) ¥k
15 SEFHE ROSF=4RE NN

5 BhH%EH DPBFU K IE MR 76 NIR JB 5 T 7
A4 ) ROS, 1 mg UCNPs@TiO, & UCNPs @TiO,@PEI-
PAA-FA 7 8I#F 4 mL it 4 & ) 50 mg/L 1) DPBF
TR, RSV 1 b AR, RN
1.0 W/em® Y 980 nm O RESHTR, 76 A [R] A i) B
R, AR WL A3 G BT WA UV-Vis 1)
Ot
1.6 DOX 7 UCNPs@TiO,@PEI-PAA-FA tHyfa

AR

JH PB (pH=7.4) FChl A B (0.3, 0.5, 0.8,
1.0 f1 12 gL ) B DOX ¥ W, ¥ 2 mg
UCNPs@TiO,@PEI-PAA-FA 47 1 mL DOX ##H7,
FIRIEPE 24 h 52 B DOX 1 £k . PB ¥ 225 i DOX,,
2 % DOX fi # B R o\ 48 ok b oA

( UCNPs@TiO,@PEI-PAA-FA/DOX ); &7 I
FPE B 2 HEAE 484 nm A BTG K4l DOX
A o et R - RO BE A o T £k 45 81 5 IR W h DOX 1Y
SRR RGN DOX W R 58 2R 1A
SFAE
LR/ =121 DOX 45T H/DOX HEkks x 100
R/ %=RE AT DOX [ /284 ST X 100

4 2 mg UCNPs@TiO,@PEI-PAA-FA/DOX 434
/3 1 mL A[E pH ) PB (pH=5.0. 6.5 fll 7.4)"1,
BT 37 CREHEOERY . | h JEECUTER T,
B B O E A 484 nm ARRYIROLRE, TR
DOX [ E i . %M 38 1 mL PB 43 HOG MG J5 4k 2L 78
37 CKBHFEE ik DOX Bud 2,113 BRI R 24
RIFLHIIT ] -DOX BRI B2y R4k,

2 ZHR5E

2.1 UCNPs@TIiO, BI4&#FnZ 50

Kl 1A 2 TCHLGEG UCNPs@TIO, 19 XRD &,
B/ 1 A1, UCNPs@TiO, 7E 17.1°, 29.9°, 30.8°,
43.4° 1 53.2° 4L i1 4 & 5 NaYF, : Yb AR R
( PCPDF 16-334) XN, 7E 25.4°, 37.9°, 48.2°HI
55.2°Mfii 1% 5 TiO, brifE < ( PCPDF 73-1764 ) —
., WEW] UCNPs@TiO, s&H B4H UCNPs FIHiEkH"
A TiO, MW L., KB 1B, C 43 %% UCNPs i

UCNPs@TiO, ) TEM 8], UCNPs 2 B SEATRAR,
UCNPs@TiO, 1 TiO, 44K HZE WAt & A 7 UCNPs
M, A B F UCNPs P24 11 ROS [n] J& BBl A 4 #%
Mok PDT hE , SGHEGR 2 B H BOR ) R AR AN TiO,
J[E] R 28 B Rl F DOX Y H 3k o B F /K i A S
k0 = TR AR R U AR R R L BESBE SR 4K TiO,
Bedh . REPRLT B, Bk, UCNPs@TiO,
TR PDT R H

A

UCNPs@TiO,

Intensity/a.u.

| “ I | ICPDF (16-334)
I I L 4 I o ik 4

\ | |, JCPDF (73-1764)
Wl 7 1 N

10 20 30 40 50 60 70 80

K 1 UCNPs@TiO, fJ XRD [# (A); UCNPs (B) Al
UCNPs@TiO, (C)Yy TEM &

Fig. 1 XRD patterns of UCNPs@TiO, (A) and TEM images
of UCNPs (B) and UCNPs@TiO, (C)

22 FBEMKABFIMHERF Zeta BAL

Bl 2A Ry il A8 B4 1) 48 KO BIGRI A [R] B B = )
) FTIR 3%, #hZk b v 3413, 1630 F1 1467 cm™'
A3 R T N—H B 4a sl IR L & C—N
4Rzl , W PEL % UCNPs@TIO, &M ; ik
c T PLAY 1639 Fll 1564 cm ™' AbMERE T 7 H1 114 LA
Fe 1408 ecm ! ZERTRAR COO Y KRR 45 P Sh s i 52
PAA BT . gk d TP 1607 em™' AYZEIRERAE PR
SIUE A R 7E AR L A D)

& 2B Sy bR AN [A] S g B Be = W) ) Zeta HLA .
B IE HE M PEL AffLME PAA X UCNPs@TiO, [
WRUAEMG, Zeta AT FH-12.1 mV BHIME 7.4 mV
Je FEAG R 2.8 mV, [B] 2 3E B PETFI PAA 9 i D& 1fii
UCNPs@TiO,@PEI-PAA-FA [ Zeta HiL{/ H-5.7 mV,
AR Y B R E AT U GROGBGRI XS IR DOX BA
Wem 1 77 [RlEhRE St s AR LS | AR T DOX IR
23 MEAPKRXFEFORTHH. LHXF ROS 7=

-

UCNPs@TiO, Fl UCNPs@TiO,@PEI-PAA-FA
TEKE W ) DLS WL 3A . UCNPs@TiO,@PEI-
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PAA-FA WK 122k 72 460.8 nm,

UCNPs@TiO, (306.9 nm ) B 3K, nIREVR T 2E K
P PEL Fll PAA B4 )2 7E K h & AR 7 AIK -

1607 ¥
4000 3500 3000 2500 2000 1500 1000 500
y/em™
15
B
10}

Zeta potentia/mV
(=] (9]
8
N
I *
o

L
S
T

-12.1
-15

Samples

a—UCNPs@TiO,; b—UCNPs@TiO,@PEl; ¢—UCNPs@TiO.@

PEI-PAA; d—UCNPs@TiO,@PEI-PAA-FA

Bl 2 A ASFEE M I GR SRR FTIR (A) F1
Zeta L (B)

Fig. 2 FTIR spectra (A) and Zeta potentials (B) of the

nanophotosensitizers modified with different organic
components

K 3B & UCNPs . UCNPs @TiO, #l
UCNPs@TiO,@PEI-PAA-FA 7£ 980 nm {0t~ # L%
Peue 661 . UCNPs 6 345, 361, 452 1 476 nm
B 4 A 2 5 3 30 X6k o7 Tm* #y 116_’31:4\ lDz_’3H6\
'Dy—"Fy. Gy He BRAE™ . TiO, (B AR 2
S LR R R, — 7 T Bl TiO, X 5840 X R i
BRI, 53—J7 TS TiO, 4K i %F UCNPs & OGHY
HURA ¢, (B2 BHEUN 5 FHREE Tio, 41K A (97K
3T AT RERH Tk PDT Zhfig . i 40k ' i)
E 345 F1 361 nm A5t HE— B8 55, 1E 452 nm Ak
RSTIER ISR, XA T FA BT iR
Jei % S B2 AE 450 nm BRI

FIVRIE ROS 2RI N L (A FT DNA,
SR PE T, 1 DPBF AR 3G MO 7= Ak 1 2
LA ('0y) JFALE 350~470 nm A0 Wi B 25 U
55, $EUk, FIH DPBF B9 UV-Vis J5 e o )
ROS 7RSI DIfE— & B B LAE Ry PDT
iRy 47N, & 3C #1 D 43518 UCNPs@TiO,
Fl UCNPs@TiO,@PEI-PAA-FA 7E 980 nm YGIE T %8

1k DPBF [ UV-Vis i¥% . Fifi & 5t B ] i 34 5, DPBF
%) W WS e R 555 , TR e KRS A 414 nm 28 1K
S P (AR 00 R 76.4% 11 76.7%, #¢HH UCNPs@TiO,

Number/%

Absorbance/a.u.

Absorbance/a.u.

Fig. 3

25—
UCNPs@TiO,@PEI-PAA-FA
20t
15| UCNPs@TiO,
10}
S5t
0
10 10000
B
g | — UCNPs
S.| -~ UCNPs@TiO,
2| — UCNPs@TiO;
2| @PELPAATFA
300 350 400 450 500
Alnm

0 1 L
300 400 500 600
A/nm

UCNPs@TiO, 55 UCNPs@TiO,@PEI-PAA-FA 1)
DLS K (A), E#50EHE (B ), 7E 980 nm NIR
IR F % fL DPBF HYIOLHE (C, D)

DLS (A) and upconversion luminescence spectra (B)
of UCNPs@TiO, and UCNPs@TiO,@PEI-PAA-FA,
absorption spectra of DPBF under 980 nm NIR

irradiation in the presence of UCNPs@TiO, (C) and
UCNPs@TiO,@PEI-PAA-FA (D)
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1 UCNPs@TiO,@PEI-PAA-FA YJRE 4 '0, H " 4
BEJI5LA—3, SR PEL. PAA Fil FA FTEAERG
fg 7 ROS 7= 4= A 1 JC fh s . Bt
UCNPs@TiO,@PEI-PAA-FA A ¥AEK PDT Yo
FHF B 40 K
2.4 EREYNK BT AR DOX HItERE
DOX 5V 114 V& 5 X5 490 K S B0 1 28 2 SR A
HARZ W ILE 4A, BEE AT DOX T 1 B
03 g/LIE% 1.2 g/L, #ZHHEH 10.1%TH 2 50.8%,
T ZengP”ZE LM ERIEME NaYF, : Yb/Tm-TiO, Fl
Lil'"Z IA L SiO, fL 7 ) NaYF, : Yb,Er X} DOX
B RE 2GR (43510 10.1%H1 8.4% ) . HEM Y
24 R4 25 R ) 4 KO B B4 5 R R B AL
H—, TiO, 44K F [al 25 BRAMUA # T DOX (Y17
7%, WAl DOX v LR 5 UCNPs 2 1 4 i FR i 7K
2, FEBKAE R RS B K M i 22 0 R 45 R 4 A 2
MERIEZ N, PRAFHIN DOX #af; H—, il
5 PAA XFIEHEERY DOX MU 5] J1iEdE T DOX
Bk, AT, DOX fd & Bk Ak T4 m K

100 70

A —=— Encapsulation efficiency
X El Drug loading = 760
> 80 ./' u
5 __— 150 ¢
2 " )
& 60 | 140 £
° 9
= &
2 30 =
< 40 - 1 o
5
il Iy
0 0
0.3 0.5 0.8 1.0 1.2
DOX Mass concentration/(g/L)
B—03¢gL -
0.5g/L 15
~—- 0.8 g/L 2
—1.0g/L
5| —1.2 Elo
E g
g £s
E —
03 05 08 10 12
DOX Mass concentration/(g/L)
300 400 500 600 700

A/nm
Pl 4 DOX ¥ A 0T ok B2 X f 353 5 3 25 % ( A ). DOX
1%, UCNPs@TiO,@PEI-PAA-FA 1) #:4:75% 5650
i (B) WY (B I NTE 345, 476 nm K4t
IR B LS DOX IR TR EE IR )
Fig. 4 Dependence of DOX concentration on encapsulation

efficiency and drug loading of UCNPs@TiO,@
PEI-PAA-FA (A) and upconversion fluorescence

spectrum of UCNPs@TiO,@PEI-PAA-FA/DOX (B).

The inset in (B) shows the intensity ratio between
emission peaks at 345 and 476 nm versus the DOX
concentration.

(67.5%~84.7% ), FEAHH & #E [ 40 K SRR 125 24
T2, [l 4B S DOX i 250 [a] 4K G HGR Y 1 e 46
P . FEE R DOX Ji & Hk Ay 3G K,
UCNPs@TiO,@PEI-PAA-FA/DOX % (.5 3 % {4
W, {H 345 5 476 nm & 5 A0 5 BE LL U 4 473 K

(& 4B hidEE ), T DOX 1 KWk K47 T
480 nm FFHIT, X—AE Lt R HHEEGI A DOX fi#k
AWK

R T VAR ) 4 KOG BB 7R I A TR AR P R BE
i FREL DOX, MK T UCNPs@TiO, @PEI-PAA-
FA/DOX  FEAR UL IE 5 (A . Jifryes 20 2 o 3w A0 s 240
FIPy CInpisik . FEEHA ) BREEFREER 3 Fh PB I
W (pH=7.4. 6.5 1 5.0) H[) DOX &R, 45
HILE 5, BEEAN R pH MIKEIL, DOX Ml H R
HEEINER, 7E 12 h 4 DOX SRR N 10.4% .
21.9%F0 31.5% , Ut P25 W) Bl AT BR 55 pH il Bk
JERAE FAERRMERREE R DOX BTk ff H B K
B P2 S ) g KOG RGR R IR LR PEL 2 ] A HE
JFERE R . X—Z45 R EWE UCNPs@TiO, @PEI-
PAA-FA/DOX TEARPN IE % #iizh DOX MR AR
D FE B AR T A i 4 4t A SR AN Y 2 T
BRI B DOX, i DOX MU REw . FaEl
VR /IN o [l B, NIR B SRAT U SO 8GN 78 pH=5.0
K& DOX &R, RBUBHCEI R E] 38.1%, R4
X —$ (I BAR T RTIA Zeng®ZE A1 Lil'4E B RE

(12 h BRI 73%H1 85% ), H1 T2 OB Y
2GR (32.6%, FZEHOAE RS 0.8 gL
DOX Wil & ) mTIREMA, H0r & EH
DOX Bt ( 12.4 mg/g 284K ) 4 T Bk SCiik (4
LR 7.4 F1 7.2 mg/g #AK ) , =AY DOX BEEA
I T D 2% K IR 40 B . DOX 71 38 A4 1) 44 2K e g
FIBY 20 251 . PDT F1 PDT-AJ 7 Uhla] <3 s 4 i
MBI IEFEEAT . XA BT S A7 AN 0 ) 44 KOG
FIRTTHERE

—=—pH=5.0
r—e—pH=6.4
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