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Photodynamic Therapy for Methicillin-resistant Staphylococcus aureus
Using Various Photosensitizer
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The aim of this study was to evaluate the photodynamic effect of various photosensitizing agents against methicillin-
resistant Staphylococcus aureus (MRSA). MRSA was exposed to light from a 632 nm diode laser (15 Jem?®) in the
presence of various photosensitizer, such as photofrin, photogem, radachlorine and ALA. In vivo study was performed
using ICR mice. Twenty eight mice had a standard wound (100 mm?) created on the dorsum, and MRSA was inoculated
into the wound region. The four groups were classified as follows: (1) the untreated control group (bacteria alone), (2)
the bacteria plus light group (15 J/cm?®), (3) the bacteria plus photoftin group (kept in the dark), and (4) the photodynamic
therapy (PDT) group (bacteria, photofrin, and light). After photofrin (dose 1 mg/kg) injection, the experiemental group
was irradiated with 632 nm diode laser (15 J/em®) for 30 minutes after Jn vitro results of PDT showed the complete
killing of MRSA at the photofrin, radachlorine, and photogem However, ALA-PDT was ineffective on MRSA viability.
In vivo results showed that photofiin has therapeutic effect on the wound infection. These results demonstrate that
selective lethal photosensitization of MRSA can be achieved using phofrin, photogem and radachlorin. Thus, PDT can

inactivate MRSA survival.
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Fig. 1. MRSA viability on
blood agar plate after PDT with
various concentrations of ALA.
A: No treatment, B: Laser only,
C: ALA only, D: 10 pg ALA
with irradiation 632 nm diode
laser, E: 5 pg ALA with irra-
diation 632 nm diode laser, F:
2.5 ug ALA with irradiation 632
nm diode laser, G: 1.25 ng ALA
with irradiation 632 nm diode
laser

Fig. 2. MRSA viability on
blood agar plate afier PDT with
various concentrations of photo-
frin. A: No treatment, B: Laser
only, C: photofiin only, Dz 10 ug
photoftin with irradiation 632
nm diode laser, E: 5 pg photofiin
with irradiation 632 nm diode
laser F: 2.5 pg photofrin with
irradiation 632 nm diode laser
G: 1.25 pg photofrin with irra-
diation 632 nm diode laser

Table 1. MRSAViability after PDT

Various Concentration (ug/ml}
photosensltxzer Control L-O P O 125 25 50 100
ALA § § 8§ & & 0§ 24
Photofrin § § § 106 0 0 0
Radachlorine § § § 503 0 0 0
Photogem. § & § ¥ 7 0 0

L-O = Laser only; P-O = Photosensitizer only; § = Over 10% ¥=
Over 10°
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Fig. 3. MRSA viability on
blood agar plate after PDT
with various concentrations of
radachlorin. A: No treatment,
B: Laser only, C: radachlorin
only, D: 10 pg radachlorin with
irradiation 632 nm diode laser,
E: 5 pg radachlorin with irra-
diation 632 nm diode laser, F:
2.5 pg radachlorin with irradia-
tion 632 nm diode laser, G:
1.25 pg radachlorin with irra-
diation 632 nm diode laser

Fig. 4. MRSA viability on
blood agar plate after PDT with
various concentrations of photo-
gem. A: No freatment MRSA,
B: Laser only, C: photogem
only, D: 10 pug photogem with
irradiation 632 nm diode laser,
E: 5 pg photogem with irradia-
tion 632 nm diode laser, F: 2.5
pg photogem with irradiation
632 nm diode laser, G: 1.25 ug
photogem with irradiation 632
nm diode laser
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Fig. 5. Mean areas of wound of mice (n=7/group) after PDT
(photofiin dose 1 mg/kg were injected intra vein 0.1 ml per mice,
after 1 day, by 15 J/em? red light). Control group: bacteria alone,
Photofrin group: bacteria + photofrin(dose 1 mg/kg) kept in the
dark, Laser group: bacteria + light, PDT group: bacteria, photofiin
and light, Bars: SD.



T, photoftin oI, Ul o2 vebdtt (Fig ).

kJ
2t

Hematoorphyrin A€ Q] photofiin, photogem™} Z+-2 7]

733 722 (lipophilic senmhzer)‘% 5-ALA-induced

protoporphyrin IX-> $FAE 2% A 8 vEEE),
XA, Axe, vk agja 8 FRe] AR i
F3 AlZF Hell= 1S Fo] Fad FEkA|
o] oFE-FE Aol wEW A Bl A4
il d s} Agtab 2apA A Gy Agst
7] A9 FAHHE A B9 A apt AR OE
T Uk 2 nhe] kAl Balek dste]l 2% A
Fuf ol GEE Frh AlRe] Fejgd g s)He
FREATE FAE AXe] 549 WS zApgto g At
a7F @443 ol Axs Jx7IE AR dal o
e ‘:13“‘:”?101"04 AP 712 DNA 43 e &
For duA qdrt o] ¥ A ulFo] B ouj
= £319 Uﬂﬂ”‘ﬂ W Exre] oigt F9E A5
] photofiin, photogem®} radachlorine> el e]obe] A3
HE A T8 gf—‘x o] # Yol ALAE uheg]
ofel AzHe] HAFA o] $£4] & Aoz oA
Radachlorine *M] o] thARE WS ol o]
A @2 Aol A 54| flu Yl Ao

E_'
2 FAo] Hu Fofohr ggAo] & Ao Huy
o1 ARA Y F72bA o]t} (Kessel et al., 1987; Jori, 1996).
O1ZE ME A8 Al AEU ZA|A] Bolx oz wol
FrEY HEZEZ ol ZEEAME dhEE Ao
2 A Urk (Kwak et al, 2005). 22} 222
g Exolyt F9sh X Eoll M radachlorine, photofiin,
photogem 577} Blegh Fst G3E vpehdlo] Bk
of F e Azl 37k 25 @zt 94k
ALAS= Heme®| A3 #HA2) Al ArE2A2A U
143 F#1A] Protoporphyrin IX9] HAS =4 &
o} (Rimington, 1996). ©] Protoporhyrin IX-S 743l 37+
AR G5 HS W HEg N AE58E e
WEE ALAT T2 9] Foshs] 2 Aad AR
Ho} 4T} (Kennedy, 1992). ALAS] 43-& #Hajgigo] |
oA 292 A2 Aotk thE photofiin®] v} photogem
54 hematoporphyrin A|E 9] FHAA 757 oAb A&
S o] dolr) e} £ A9 Ao M+ photogem
o]u} photofrin®} MA@ WAl Emhite] FHE A

Ao -8 giael Ao VeI ALAY a3t ¢l

= Aoz #FHACE 28 hematoporphyrin A E 2]
FEAE FTdel Avke 9s AUl AR H
A48 WA EEUte] Am Al 88 AR
A}, whelobs 4 Atro] o]fo] AR Fo A
o e ZF FolA A F2lo] dojutar tha]
ol APty F Hel 2l7] witel & Aol ¢
A Alde 540 B¢t

&) =
Wainwright 5l <& WEAEFE ]85 A7 U
o1 (Wainwright et al, 1998) #ixA &l vido] flv +
Tokoll thalAle 1998% Golding 5+ malachite green
isothiocyanate® ©]-8-3}%1 3L (Golding et al., 1998), 1999%1
Kubin 5 photofrin®} m-THPC, hypencm::j o] &35}
(Kubin et al., 1999) 20013 Tolstyh 52 photosensB}= &
o]-8-5}99 ) (Tolstyh et al., 2001). ©]8} &-& A1E
= %L%LXW]Q} TR AT R, B9 As
5] 7] t2d Ag 9 7“\93%“ LERA A
e At a s B itk 2 B At A

Z3keir), A ghgglols] 74

_,d
J:L
&
g
2
&
b
i&
fo
—Yi
ke n

Rt oox ro rlo 1

<

T2 sol’(gxﬂ e 5

Szezlr), euk 8R4 eukgo R Q18 YT &
o] patas nekaly] 9§ W YAHPRE0] AR
91t} (Gorbach, 1990). ©1¥ AIA| WAlstel] thak tjeto]
Alagh /‘WOIW spedel 2 @lo] shube] gloto Q.

=
™, E}E]E]OFE* *]’Di' ]7]% o o]&¥ar
Eloitﬂr (Barr et al., 1987; Bedwell e

= Hematoporphyrin Al €& 31_5*5& chlorin 74]
o] wjFgRio gL uxyd =
aiE vehliolA o

pl
o
=
o
T
=
b
o
1
G
Lk
i
P
[o
N
N
L
t!
=
b

fo &

ik

e

2

>

Ir

I

. gt

i —10
[>

o

o

.}I]_(l

<

&

R
o
L
4
ki r
G T
o ot
ol
ol
1
offt
O
s
R

R

o A
o iy

o o, £
12 ook

2

_1 b
2
o
tio
=3
>
AN
N
o
o

i

to fo ot 1

i
o
-,

3
= ojAm Aol e 2Aek
=

o o fr o o
&,
iy
&
ilia
s
il
o
oo
Oft
o,
2

L m>~ I

.

ol

i)

i

1o

e e — ¥

Ol

o

38

L

o

>,

-237 -



AR A7Inks SAEAT o m o] Al Aol
S FARE Geks FEAAE o] 8sto] HdE
EAYo] o]Fojxiof & Ao]aL FA Aol gk FT}
A AR 71 gigk o W A7 o] FojAloF 2 A
o7 Algdrh

REFERENCES

Barr H, Tralau CJ, Macrobert AJ, Krasner N, Boulos PB, Clark
CG, Bown SG. Photodynamic therapy in the normal rat
colon with phthalocyanine sensitisation. Br J Cancer 1987.
56: 111-118.

Bedwell J, Holton J, Varia D, Macrobert AJ, Bownn SG. In vitro
killing of helicobacter pylori with photodynamic therapy.
Lancet 1990. 335: 1287.

Chambers HE. Methicillin resistance in Staphylococci: Molecular
and biochemical basis and clinical implications. Clin Microbiol
Rev ET. 1997. 10: 781-791.

Chang S, Sievert DM, Hageman JC, Boulton ML, Tenover FC,
Downes FP, Shah S, Rudrik JT, Pupp GR, Brown WJ, Cardo
D, Fridkin SK. Infection with vancomycin-resistant Staphy-
lococcus aureus containing the vanA resistance gene. N Engl
J Med. 2003. 348: 1342-1347.

Dougherty T, Kaufman J, Goldfarb A, Weishaupt K, Boyle D.

Photoradiation therapy for the treatment of malignant tumors.

Cancer Res. 1978. 38: 143-151.
Foote CS. Type I and Type II mechanism of photodynamic action,

in heitz JR and Dow-num KR (eds), Light-activates Pesticides.

American Chemical Society, Washinton DC. 2. 1987. 2-38.

Georgopapadakou NH, Smith SA, Bonner DP. Penicillin binding
proteins in a Staphylococcus aureus strains resistant to specific
beta-lactam antibiotics. Antimicrob Agents Chemother. 1999.
43: 15-22.

Golding PS, King TA, Maddocks L, Drucker DB, Blinkhorn AS.
Photosensitization of Staphylococcus aureus with malachite
green isothiocyanate: inactivation efficiency and spectroscopic
analysis. J Photochem Photobial B. 1998. 47: 202-210.

Gorbach SL. Bismuth therapy in gastrointestinal disease. Gastro-
enterology 1990. 99: 863-875.

Hamblin MR, Hasan T. Photodynamic theraphy: a new anti-
microbial approach to infectious disease?. J Photochem
Photobial B. 2004. 3: 436-450.

Hong SG, Lee JW, Yong DE, Kim EC, Jeong SH, Park YJ, Kim
MN, Au Y, Shin JH, Lee JU, Ahn JY, Lee SH, Kim JS, Shin

HB. Antimicrobial resistance of clinically important bacteria
isolated from 12 hospitals in Korea. Korean J Clin Microbiol.
2004. 7: 171-177.

Jori G. Tumour photosensitizer: approaches to enhance the selec-
tivity and efficienty of photodynamic therapy. J Photochem
Photobial B. 1996. 36: §7-93.

Kennedy JC, Pottier RH. Endogenous protoporphyrin X, a clinical
usefull photosensitizer for photodynamic therapy. J Photochem
Photobiol B. 1992. 14: 275-292.

Kessel D, Thompson P, Saaito K, Namturri KD. Tumof locali-
zation and photosensitization by sulfonated dervatives of
tetraphenylporphine. Photochem Photobial. 1987. 45: 787
-790.

Kim JS, Kim HS, Song WK, Cho HC, Lee KM, Kim EC.
Antimicrobial resistance profiles of Staphylococcus aureus
isolated in 13 Korean hospitals. Korean J Lab Med. 2004.
24:223-229.

Kubin A, Wierrani F, Jindra RH, Loew HG, Griinberger W,
Ebermann R, Alth G. Antagonistic effects of combination
photosensitization by hypericin, meso-tetrahydroxyphenyl-
chlorin (mTHPC) and photofrin Il on Staphylococcus aureus.
Drugs Exp Clin Res. 1999. 25: 13-21.

Kwak SY, Bae SM, Lee AJ, Kim JK, Park CH, Han SJ. Uptake
and photodynamic therapy effects of radachlorin in vitro and
in vivo. ] Kor Photodynamic Association. 2005. 2: 123-130.

Lee HM, Yong DE, Lee KW, Hong SG, Kim EC, Jeong SH, Park
YJ, Choi TY, Au Y, Shin JH, Lee YG, Lee JU, Ahn JY, Lee
SH, U GJ. Antimicrobial resistance of clinically important
bacteria isolated from 12 hospitals in Korea in 2004. Korean
J Clin Microbiol. 2005. 8: 66-73.

Maisch T. Anti-microbial photodynamic therapy: useful in the
future. Laser Med Sci. 2007. 22: 83-91.

Neugen M, Pettyjohn R, Sahm DF. Network on Antimicrobial
Resistance in Staphvlococcus aureus (NARSA). http:/
www.narsa.net/ (Updated on Jul 2008).

Ochsner M. New trends in photo biology of photophysical and
photobiological processes in the photodynamic therapy of
tumors. Photochem Photobiol. 1997. 39: 1-18.

Oleinick NL, Evans HH. The photo biology of photodynamic
therapy: cellular targets and mechanism. Rad Res. 1998. 150:
146-156.

Rimington C. Photophyrin and haem biosynthesis and its control.
Acta Med Scand. 1996. 445 (suppl): 11s-24s.

Tolstykh PI, Stranadko EF, Koraboev UM, Urinov Ala, Tolstykh
MP, Terekhova RP, Volkova NN, Duvanskii VA. Experimental

-238 -



study of photodynamic effect on bacterial wound microflora,
Zh Mikrobiol Epidemiol Immunobiol. 2001. 2: 85-87.

Tomio L, Redi G, Joli PL, Zorat GB. Hematoporphyrin as a
sensitizer in tumor photo therapy: effect of medium polarity
on the photo sensitizing efficiency and role of the admin-
stration pathway on the distribution in normal and tumor

bearing rats, in R. Pratesi and CA sacchi (eds), Lasers in

photoedicine and photobiology, pringer-Verlag, Berlin. 1980.
76-82.

Wainwright M, Phoenix DA, Laycock SL, Wareing DR, Wright
PA. Photobactericidal activity of phenothiazinium dyes against
methicillin-resistant strains of Staphylococcus aureus. FEMS
Microbiol Lett. 1998. 15: 177-181.

-239-



