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Preparation of methylene blue-loaded nanoparticles and a preliminary

study of photodynamic anti-Trichophyton rubrum effect in vitro
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Abstract

Objective: To prepare polyethylene glycol-poly(lactic-co-glycolic acid) (PEG-PLGA) nanoparti-
cles loaded with methylene blue and conduct a preliminary evaluation of their in vitro anti-Trichophy-
ton rubrum photodynamic activity. Methods: Methylene blue-loaded PEG-PLLGA nanoparticles (MB-
NP) were prepared by the ultrasound double emulsion method. The single factor controlled variable
method was used to examine the effects of nine different factors, and the optimal process for the prepa-
ration of nanoparticles was screened. Then, a preliminary study on the inhibitory effect of nanoparti-

cle-mediated photodynamic therapy against Trichophyton rubrum in vitro was performed. Photody-
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namic therapy was applied to Trichophyton rubrum using either methylene blue (MB) or MB-NP,
with light-protected groups serving as controls. Colony-forming unit (CFU) counting was used to di-
rectly evaluate the inhibitory effect of MB- or MB-NP-mediated photodynamic therapy on Trichophy-
ton rubrum. Additionally, singlet oxygen ('O2) production by MB and MB-NP aqueous solutions and
reactive oxygen species (ROS) generation in fungal cells were measured using optical methods.
Results: The optimal process for the preparation of methylene blue nanoparticles was obtained. The
diameter of nanoparticles was between 150 and 250 nm, the encapsulation efficiency was (19. 15
1.04)% , and the polymer dispersity index (PDI) was 0.1440.04. For CFU counts, the results
showed that the fungal inhibition rate (IR) of MB - NP - mediated photodynamic therapy was only
(19.184+2.67)% , lower than that of MB-PDT (IR>>99.99%). For levels of 'O, in MB and MB-NP
water solution, results showed that the intensity of 'O, levels in MB-NP solution was 0. 22+0. 01 and
0.23%£0.01 in MB solution. There was no significant difference between the two groups (7= —1. 43,
P=0.23). For levels of ROS in fungal cells, the ROS intensity was 10. 28 40. 09 in the MB-NP
group and 12. 24+0. 30 in the MB group. The difference between the two groups was significant (/=
—6.25, P=0.003). Conclusion: The double emulsion method is an optimal approach for preparing
methylene blue-loaded PEG-PLGA nanoparticles. The prepared methylene blue nanoparticles have
uniform size and good dispersion. The carrier has good biocompatibility and will not change the photo-
dynamic effect of methylene blue. However, MB-NP-mediated photodynamic anti-Trichophyton ru-
brum effect is weaker than routine methylene blue treatment.

Key Words Methylene Blue; Polyethylene Glycol - Poly (Lactic - Co - Glycolic Acid) (PEG -
PLGA); Nanoparticles; Double Emulsion Method ; Photodynamic Therapy; Trichophyton Rubrum
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AT D) B T R K P R A A A R AR
I3 150 W, SONICS-VC X 150, Newtown, 2£ [ )
WA FL/ B FL R (40 %0 ~100% ) b 7 [] )
B 5% 5 @ 9 BHBD HE - 5 48 PEG-PLGA i &
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LR T/ VIR / = G R e A SR i ok 0 35 R M O X
P 2 K TE 55 10 PR S U N KRR 2 8 T 22 5o
1.1.2 T FHERRBEN R ETFN E RN
E AH 2 DAk B bR O 2 B FL R B0 e B
TR WO B AR 8 WO B 5k R A OC R 4 B8 T Y
W E . HEAX R =R S
B SR /) bR R R R <100 % .
Yy LKA R Zetasizer 44 K v 437 k7 B A 22 W
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Woo P15 45 4LIR A W FE 5 A0 B 10 min J& #E 47 4b
B O R 2 A 04 E D% KR 635 nm (96 TR
SPAL LA 52 2R 44 mWeem ™ BEEF 10 min, B8 5 i o6
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dimalonic acid, ABDA J/E B # 4. ABDA 5'0,4%
Gl PR TR, KW N 378 nm A WG EE R
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488 nm, & Hf 6 ¥ K 520 nm. %% 6 {EH/H K %L
(AFU/CFU) i 45 SR Ar AL , LA AL B2 (MB Al MB-
NP 4b 3 21 ) 5 65 B 1 e/ xF B4 (PBS 41) %2 )
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1.3 ZEitZE oM i H SPSS 24. 0 #4748 31
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KM AR S 2 FL o R RO MUK A A
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2.2 THREMRBHNHRLE URiifs T LE
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FRA (& 4C) F1 MB-NP i % 4b P4 (B 4B ) X H 5
A JE I AR o B R VRO MIB ol BE Ak B 4 (&
4F ) Fe B0 BC A A K S8 e VB H (TR™>>99.99%) ,
PRI MIB-NP 35 0 FAR B2 (] 4E) 1) B A=
KA AT K (19. 18£2.67) Y% o 136 B 7 /Y % 494 5K
LI A i I B 1 =N < (O R B T Ll A A
(1=7.20,P=0.002).
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2.3.2 ROSA'O, 4% HKEBLEWELHE
LT A0 AR 2R N, T T 40 ok Sk b B 2 ROS UK -
3% B (E 4 10. 280. 09, W H ¥ 4 M 12. 24+0. 30,
DAL S RECR = WEa o =i Wi AL S o2 B
(7=—6.25,P=0.003) . X ¥t ] 5% M & ) 3 H
Wi A oK OB X L T A B PN I PR SRR A R TR
o FETCANAIR R T, W 5 90 K B0 4 76 4 400K
-5 B R 0. 224-0. 01, W B % 4 4 0. 234-0. 01,
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*®1 MBFMB-NPHIROSK 'O, "EBBEM (z+s)

iRy MB-NP MB ‘ P
ROS 10.2840.09  12.24+0.30 —6.25 0.003
0, 0.22-0.01 0.2340.01 —1.43 0.23

1 MB-NP. W H % 44 K J5 47 (methylene blue nanoparticles) ;
MB. . H # (methylene blue) ; ROS. i ¥4 (active oxygen species) ;
'0,. HL2k A (singlet oxygen).
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MR & B, MB-NP G B8 41 77 /5 ROS #) fig 7 559
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6K AT H PEG-PLGA %5 2% 2 45 i 45 28 Bl
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