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Abstract: To improve the efficacy of 5-aminolevulinic acid (5-ALA)-mediated photodynamic therapy (PDT),
a fluorocarbon microemulsion-based gel (FMBG) loaded with both 5-ALA and carbon dioxide (CO,) was prepared
in this study. Its physical and chemical properties such as particle size, zeta potential, morphology, pH value and
viscosity were characterized. Acid-base titration experiment was used to determine the CO, loading, a fluorescence
derivatization method was established to determine the content of 5-ALA, and the confocal laser scanning micro-
scope and Franz diffusion cell method were carried out to investigate its transdermal ability. Through the laser
speckle contrast imaging, the CO,-affected blood flow perfusion of skin was measured. Finally, the skin irritation
test was tested by hematoxylin-eosin staining (H&E) method. These results showed that the prepared FMBG was a
milky white gel, with an average particle size of 202.4 nm, a zeta potential of -25.3 mV, a pH of 6.0, and a viscosity
of 1 062.0 mPa-s. It can be stored stably for seven days at room temperature. The 5-ALA content of FMBG was
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measured to be approximately equal to 20% (w/w). At room temperature and normal pressure, the CO, loading
content of FMBG was 5.016 mg-L™, which was 1.5 times as much as that of water. The transdermal absorption
experiment and blood perfusion results showed that the FMBG can effectively enable the transdermal delivery of
5-ALA and CO,, and significantly increased the blood perfusion of skin. H&E staining results indicated that
FMBG had negligible skin irritation (all animal tests were approved by the Ethics Committee of 900 Hospital of
the Joint Logistics Team). In this study, a safe and stable FMBG loaded with both 5-ALA and CO, was successfully
prepared. It was suitable for transdermal application, having the potential of enhancing the efficacy of 5-ALA-

mediated PDT.
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orocarbon microemulsion, FM), 2 4b 757 40 F K i b
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(0.1 mol-L%) 2.28 mL, %R J& % &f 4 #fU, 7F 32 °CHR IR
s B A2, 5000 r-mint 8540 10 min 5 LR35 W,
WeFZ 90.1 mol-L 1 HCLR 5 2 Th 4 (pH = 7.4).
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CO,\1FMBG; X Hf 2H: 327 CO, FI/K¥E W . % H 2 mL
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95 °C, 10 min j5 4 2 = .
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PriE it e 4 RS % PR € 5-ALAHCI XS HE i
40 mg, A H EE 5 % B2 & 22 v W (PBS, 50 mmol-L?,
pH = 7.4) ZARFRIR A € 25 %2 100 mL, #3400 pg-mL*
(1) 5-ALAHCI fif £ ¥ - K % 5 HUZ it 45 W, FH P/
PBS #i Bt i % 0.2.0.5.1.2 f1 5 ug-mL1 [ % 51 ik JiF
VW . DARESRIE (C, ng-mLY) AREARFR, O (A)
YA RR, JHEAT 261 1R A, #3315 75 #E: A =21 557 C -
87.009, r = 1, i B 5-ALA 7 0.2~5 ug-mL* Py 2k 14 5%
AR
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RIMNE BT SEI Y W LRAFTE 20 °CH 58 B 4% K iRt
R, FH BBl B BB TR N H 2R
B2 R R Z, B AR 3 SR K ph P S, B AR R R K
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WG A T e 2R T, 7£ 0.5.1.2.3.4.6.8 F1 24 h BUFE
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e G AT B BT -
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B (& RERE N ARBLRIE, I PRt H T NMSC (176 97 122);
@ $£#20% 5-ALAFICO, I FM; @ 20% 5-ALA KiE
Mo AT 24 WX, EEBX A6 cmx
10cm. UL 0.5 iRtk T2/ N S B2 4 1 em
B IE R P9, 20591 F45 24 5 10 A1160 min $4/) BLALSE, BT
2L R (1 em?), B Rk B 254, F & AR B 2R K
JIt i e 45 K 3 U, IR AR T, ) A K R R SR VKR DD A
¥R RYI A BT BOEIL R AR # B S (confocal
laser scanning microscope, CLSM) T (% J& SN Ar/He/
Ne, % YR & DAPIFI PpIX (i & % K 43 il 2 360 Al
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R ER K R R AT . IELRA Y 14 K5
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o FELLTER —HAILZA TR,

R

AR FLE AR AR L 1M BRARAE
11 SN Pl a5 0 FM O FL B8 — I, sl
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Figure 1 Appearance of fluorocarbon microemulsion (FM, A)

and fluorocarbon microemulsion-based gel (FMBG, B)

12 FEIRIEFMzetalB AL 75 FMBG 1) zeta HL 7

N-25.3 £ 1.15 mV, ki {58y 202.4 + 3.22 nm, £ 53

HHE %L (PDI) 50.199 + 0.041.

1.3 FAx BEFHAERHENE L, FMBG 21 —Bk
E, AR A, LB 20 P HRLAR 20 200 nm, 538

1k Nicomp 380 24 J 6 ki A2 A #5 IR RLAR K/ — 20

1.4 FEM e B, FMBG IR 43 5l

Transmission electron microscope (TEM) image of

Figure 2
FMBG
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Figure 3  Variation of particle size of FMBG on different days
(n=3)

202.201.206.205 #1212 nm, %+ 7E 200 nm £ 4 (I
3), Ut =B AUE 7K, X RAE R AN B ., FMBG %
1.5 pH{&E Fril 41 FMBG [ pH {4 4 6.0~6.2, 4b7E
1E% I R i pH B VS (5.0~7.0) I, i& & ke 24 .
1.6 FE NSFMBGHIZEE N (1062.0 +28.0) mPas.
2 EERMILER S CO,MEH R

CO, L # I KX FMBG i CO, 2% K & 11 52 M L 1]
4A. NEERTTLUE i, BEAE A B 38, CO, 42 i
et AR, 2% BN Ky 30 min I, O B RIS # A
I A CO, & &~ 5.016 mg-Lt. A, Jm £ sei
H CO, s I K 15 B 30 min.  BEMAZRIR T CO,
[RE T 25 R ] 4B, CO, 7 FMBG H 1) ) 4 3 2 5 )
RHAEIK R BB I 1.5 £ Bl A I IR R BE , —38 Br
BEH CO, B WIRE T, 75 120 min i, FMBG Fr 3 . 11
CO, BT (30%) /b T-/K¥ER (T0%), BiH] CO,1E FMBG
Hh R B BRI AT
3 BKEMIALARPS-ALANEE

M52 25 FMBG 1 5-ALA & &8 (19.68 + 1.57)%,
25 20% 50k
4 RIMNBER LI

TE AR ZH 1, 5-ALA [ 507 A RANB 8 bl
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Figure 4 Investigation of CO, loading and release. A: Effect of loading time on CO,-loading; B: Comparison of CO, loading and release
between FMBG and water (n = 3)

55 B () PR SE K8 5 164 0 5 A () )3 B2 s ), 2 5-
ALA ) CO, 1] FMBG 4H {3 %% 4t 5-ALA [¥] FMBG 41 [F]
SV I 2EL I SR T RS O T AR A Y, (R38N T 3R AR
5-ALA & CO, [f] FM 240 #1 5-ALA /K& 41 (&1 5), T g
(1 J5 R A& FMIBG 5 5 i1l 771 £ 286 B 0K, JE 2% 1 2540 1)
% R BT
5 AYSEMR

2/ B 25 24 10 160 min J ik TR 254353 1)
PGS L L B 6. CLSM Al #i 4k 25495 i 1 2 3
HT BRI, N LB NEREREERHEE.
SESR R, F A 2510 min i, 40t 5 e H
55, VB ER R, WHZHIUFE TR KIS, 624
60 min i, B R DUE H AT 65 e 2 HLok, Ui B 254
Bt — 9538 ERIR AL W AR AT S, 5-ALA K
TR AN L3R 20% 5-ALA K CO, [ FM 438 J7 % 5 5%
W, Wk 2 2 L4 20% 5-ALA J2 CO, i1 FMBG 413i% 7
TRIZ R, FTRESE BT FMBG Hht e 32 77 (10 6 BE oK, %iE
2% 1 5-ALA IR IBIE
6 MizEFHR

PR B 2 14 R e, LM 45 R 7,

459 M Aminolevulinic acid hydrochloride for topical powder
% 404 [ 5-ALA solution
5 I 5-ALA & CO, FMBG Figure 6 Confocal laser scanning microscope (CLSM) visualiza-
& 354 [5-ALA & CO,FM f i i
% s0.] EES-ALA FMBG tion of drug penetration. A: FMBG loaded with 20% 5-ALA and
g L] CO,; B: 20% 5-ALA aqueous solution; C: FM loaded with 20% 5-
;, ?f: ALA and CO,; D: Aminolevulinic acid hydrochloride for topical
- & powder
g 4
= - N S S > . — N
E 3] ST IR B R X 3. &5 R OR, 45 2 A 4% 4 0T
&) 14 S aiHe VA N N o
03 TLHREVE NS DUAR L, S B4 2 14 R J5 S Hn 20 AR B 3 K
05 1 2 3 4 6 &8 24 b NI
Time /h H AL % 20% 5-ALA 1f) FMBG 4 IfiL Jfi #E v T B 2

Figure 5 5-Aminolevulinic acid (5-ALA) cumulative penetration A2 Ak, T3t 3 20% 5-ALA K& Co, ff1 FMBG 41 At 3t 2k
per unit area (n = 3) 20% 5-ALA & CO, ] FM 4 1) IR = R 45 25 A A &
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Before administration After administration

0
Figure 7 Results of blood perfusion under different treatments.
A: Aminolevulinic acid hydrochloride for topical powder; B:
Saline; C: FMBG loaded with 20% 5-ALA only; D: FMBG loaded
with 20% 5-ALA and CO,; E: FM loaded with 20% 5-ALA and
Co,

FHE R, RYBEEN CO, 4 MW 5 R FEAER, M
ML FE A 3 B
7 EBEREMHE

WS HAGE I, 045 24 R i EAT LS LA A 7Y, 4
RS, 5 H RN, R4l # 5-ALA &
CO, ] FMBG 4171 FM 41 4b ¥ J (¥ B2 jk #f1 52 J2 L 45 58
BTG TCLLBE K AR ELSR, Vk BZ% 24 0t B kG
A SR, 3 T SRR

e

BBRRAL W —Fh 2 & 1 D TR AORE,
WAL FEARAR, Tl Vu il b )y 45 & 2 K70 1, AT
KRS T RIEBIE . B TR, BRI S Y T

Figure 8 Histological photomicrograph of skin biopsies taken
from rabbits treated with various applications. H&E stain. A:
Xylene; B: Saline; C: Aminolevulinic acid hydrochloride for
topical powder; D: FM loaded with 20% 5-ALA and CO,; E:
FMBG loaded with 20% 5-ALA and CO,

CO, )i 3% AE F129°4 O, 1 3~5 1%, IF A ST 4
B X CO, [ I%24,  [R] A 8 A 24 34k ) R 24k
E W% CO, BRI, fift vk i S ) FBL

R 45 5% 6 AT A Ak 15 W 45 A BE 52 BT ) 4 1 3 4
5-ALA J CO, ] FMBG H' 5-ALA [1] &% & 4 (19.68 +
1.57)%, 5 F G 25 & 20% $£3T, ¥ W) FMBG #;245 P
AE R 14F, H FMBG fae YEair, B BUE H, pHE S5 &K
Jok 2% T #2230, e 40,22 () FM KL 42 29 9 200 nm, 36 B
R R, S DERAE AR & 2K, E & T2
M4 B3R . BARASTT 70 % 4 25 FMBG 41
o 5-ALA E R e I iE R & 5/ T L 8k 5-ALA I
CO, [t FM 41 F1 5-ALA /K A, B 5 i & 77 il L
FiAHY . FMBG 4t 5-ALA 3% 7 i % M35 J2 5 5/
R i i AT s v Fie 56 I 1) 4 P B8 T 25 B R, AT
MR THYINBE, W T BERRSBERE.

TEARAMB 1% 250 IR B B 0 R R E T AR
JoR B i IR R, (EAE AR XE DATR B, A 5 ON R R
G VCHAR B E BN EE, B ARENEAR
W N BN ARA, W00 B0 R AR ik o833 K 9 Bk I+
K, A 32 CEIR KB L AR RIS, 5 REH
A{E .

TE H R 4 24 R J0 ) e R 56 b, 5 BR 25 30~
60 min Ji PAJ R A 252 0 B AL 40 B K 7K i A7 e A B 42
R FH 22 R 5 2 B IR Rt R 6 o i B 45 SR R 1
CO, J& I 4 F Wi, EL3Ehn 7 i 37t &, 17 SC kP4 0
Ja 38 L CO, AT T S & ke A1 4R FH B2 38 0 (/R
RURE), W R 45 9T R, Wie o A B Ot g o SRR,
DAL I AR 512 36 BT 1) 4% 110 8 245 FMBG 77 16 3 3 1 7 8 v
FIE R RN 42 v 4B B, AT 3 9 PDT 97 2801 BLK
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g5 b, AT T FM 23 HICER B IR AR 5 ) 1 FMBG,
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