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Abstract

Photodynamic therapy using topically applied
b—ALA, MAL and CLC for canine otitis externa

Minho Lee

(Supervised by Prof. Youngmin Yun)

Department of Veterinary Medicine, Graduate School,

Jeju National University, Jeju, Korea

Canine otitis externa is common disorder in small animal practice with
prevalence up to 20%. In a large percentage of cases, canine otitis
externa is chronic and recurrent disease also that associated with
drug—resistant bacteria i1s difficult to treat with traditional antibiotics.
Photodynamic therapy (PDT) 1is a new strategy to exterminate
pathogenic microorganisms such as bacteria and fungi. The objective of
this study was to investigate an effect of photodynamic therapy against
canine otitis externa using three photosensitizer (PS); 5—Aminolevulinic
acid (5—ALA) and Methyl aminolevulinic acid (MAL) with semiconductor
laser diode (SLD, 635nm of wave length), Chlorophyll—lipoid complex
(CLC) with light—emitting diode (LED, 660nm of wave length).

After PDT, dogs showed improved Otitis Index Score (OTIS) in
swelling, exudate, odor and pain. A result of cytology test revealed

decrease of bacteria and malassezia count in oil immersion field and



colony forming units count. PDT was effective as a bacteriocide of
multidrug—resistant Acinetobacterium (MRA) as well as
methicillin—resistant Staphylococcus pseudintermedius (MRSP) and a
fungicide of Malassezia pachydermatis. MAL and 5—ALA were more
effective PS against canine otitis externa than CLC.

These results suggest that PDT is a new strategy to exterminate
pathogenic microorganisms such as bacteria and fungi. PDT can be
considered new therapeutic approach for canine recurrent otitis externa
and a countermeasure to drug resistance that 1s a drawback of

traditional antibiotic and antifungal therapy.

Key words : Photodynamic therapy, 5-ALA, MAL, CLC, otitis externa, dog
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Abbreviations

PDT Photodynamic therapy

PS Photosensitizer

5—ALA 5—aminolevulinic acid

MAL Methyl aminolevulinic acid

CLC Chlorophyll—lipoid complex

PpIX Protoporphyrin IX

SLD Semiconductor laser diode

LED Light—emitting diode

MRSA Methicillin—resistant Staphylococcus aureus
MRSP Methicillin—resistant Staphyliococcus pseudintermedius
VRSA Vancomycin—resistant Staphylococcus aureus
MRA Multidrug—resistant Acinetobacterium

CFU Colony forming unit



Ne] olol=AL JHellA 7HE RIWsHA WAdsks A Fe] shtold, 7F F
EH ] YA HE= ol T HW 20%7HA AAFeha BHoarw o] Ukl 2).
Qo= Aol FA Yute ol (primary factor), 22122l (predisposing
factor) ¥ A4 Q ¢l (perpetuating factor) &2 WFo]Xth(3). &Rl olE
b, AeojdeAr Q3 HARFE, gFVAT, ol Ed, Zstold dHAY
(keratinization defects), %A 9<% (Idiopathic Inflammatory) &°] Ut
(3=5). &QlgRlom+ H2 FE8 2% 59 9844 3
S7F ol=F A& (AFEo], &5, A-¢-x
(ZA2TYG, e JEHH T 5)7F ATk 6). AFJozE At 2
Rt (Malassezia pachydermatis) 2] 5210] Q=H o= A AF5HeE o3t
AlA Qo= e ke gle]l AAH Fof

=
ol AR g FLE A0] Hrk(

3,7, 8)
JolEee] Azt e Aol Hi- AUasdl o 2912902 AL
sEzO SAA, FAA, TEA B ol&F kEed, A A, A%H N2

Fahol @ & @), 2y obAE A4
|2 Sol o] ekEo] FEHY] ofHi, FAE FAHOE WBHOR
oF & A9 olE el FRE A & Aite] A 77 ATk,
g4 Jle] selEge AWEol 60% FEE ¥ Holm, Wy e Ay

2 o3ty &= A7 B0, 11).

1=

Felst A & (photodynamic therapy)+ 1900d W77} A= & of=gd
% (acridine hydrochloride) o] =¥ AAW# (paramecium caudatum)”7} =
= e ddste] Aoz uebylar, vFetel tiste] 5% Eosing 3} w4
Fom AAE Zo] Hxo] FAT A5E V|FH vt (12, 13).

Felsh Az F3AA (photosensitizer) 9 FA (ight) ] 5+ 7k HI5A =

s}7

A% o]2olah, ANF T& @aHo T WARgo] Fo B ulHAy



FHE iyt ST S wrow 43t Eo] W ouAE AbAEAE A
oato] A AFA (ROS, reactive oxygen species) S A cH(14) (Fig 1). &
i s 45 E4kA (singlet oxygen) & X838 2 AstE S AW #A2
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@]
wn
e
il
El
F

MY, DNA 59 AMEFAAQL &42 3] A
Shch(15). o] Hhg-2> 574 I Ho| wE49

gzl dF flo] HRAAARE Ad-F o dojdti(16).

Light EXCITED
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7 » (ROS)
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Fig 1. Photodynamic therapy process.
Light activation of photosensitizer generates reactive oxygens and triplet

oxygen that exterminate pathogenic microorganisms.

AA7A 7HE S A7t o] Foi %l FZHAA| (photosensitizer) & 19417] &
Ht A ¥ porphyrin©]th. Porphyring @4 <Qbe]l o] 3x3tx|o] glom A
Al el A Abskgkdnbgo] Fo% oS o= Edolth 1912d S99 =9
StA} Friedrichi= porphyring QAo A& A& AFHOR, T AARS] &
o hematoporphyrin 200 mg5 &1, Zof] WS FASe] AS 2 &
o] A7l= AL AT (17). A= hematophorphyring gAste] o 2
< do® 2 a¥E Ui hematophorphyrin 545 @Wol AREsta Sl
g3 1M Y B2 A9l hematophorphyrin F 2415 AW ZFE v E = A
ol 3 & oo w Y] wiite] vHo FynlFo] e AEHH s o
Abd W 7hA] el =g dsfjof sbn, ¥ TR HL 630 nm 3 Hof

il



st FFErt otk o] Aok (18). olefdt sAHNE st 2MY
A1 5—aminolevulinic acid (5—ALA)+ AWl wlEFE = Al7Fo] 244
oA 481130 ® Frol F-Ago] Ay, HaGolE F2 a%E AL v
18, 19). 5-ALA+ AlXZ UE 559 heme AFAE AE2E AAH AHA &
F2ZFAIQ1 protoporphyrin IX (PpIX) & W&HeEw 3§ F3%7F %2 635 nm
o] oA A stEth(16, 20) (Fig 2). A 24t F3 &A= A5eidol =
HAE FAE QlojA =4 AL Ao AlxEE 9 Azt g T
o] thA Wojrk= WAle M =T, A A A= 2A FAAE
NAHESINA IFAAE EUEZN ALl st S8

A9l &2 F methyl aminolevulinic acid (MAL)®] Ath(21). 34
= AE YoM PpIXE WHEEE AP GS5EolA Fost A 52 Als AR
dEAz e, 2Ad FRFAARY 9 A2 f¥oR 2 avE HAu

BN
N

~

N
=

Mo

(22) (Fig 3). Chlorophyll—lipoid complex (CLC)+ Spirulina maxima 3%
T FEEEA 660 nmIpge] Hs o ek @ik BB ES Ho HT
of Fst ARE A%t FHAAAR ARGHY] AR (23-25). Al &5
of A= F¥= 5-ALASH MAL¥= 28 CLCE 1 AA=RA F3
A 2 Zgst7] wiEel 5-ALAS MALC] tiu]3te] #2 incubation timeg
ZHAH = AIZE Yol diARE 7] wiiEel]l Felst 5o HAEQl FEAANE o
Ath(23, 25).

X,
u
=
>

G A8 1995 g vte] A k]ld o]F A S B vnA
B AR AgHe] dE W glon TEedls 719 oFolAA da glvh
ol ofe] ZhA olf7k AAAN FA et An Augh FAA wE g
Folghar ATk 2 A= A9 glolmde] st FhAlRA adrt &
2% 5-ALA, MAL 3l CLCE ol&3fe] A 8l Al ofor 398 A5

W E4e vmstad FYsrn,

fol
K
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Ferocchealase

Protoporphyrin
X

Heme

Fe?*




(V)

HN OH

(B)

HaN_ 0

CHj

©

Fig 3. Structure of photosensitizer (A) 5—Aminolevulinic acid, (B)
Methyl aminolevulinic acid, (C) Chlorphyll—lipoid complex.



Fost Azee A A BREAE ARSI A WA e
5—aminolevulinic acid hydrochloride (5—ALA, Federal State Unitary
Enterprise "State Scientific Center" Scientific Research Institute of
Organic Intermediates and Dyes, Moscow, Russia)® %3 -E (ethanol
content = 48% v/v)°ll 20% (w/v)® &3sto] AFE3IA AL, FHS> 5-ALAZ
F=4d adrt Hdizb =& 635 nm 32 semiconductor laser diode
(Laxcell T—3000, Biotics, Korea) & AF4-3t3ith.

T+ WA FEAAE Methyl aminolevulinic acid (MAL)® 16% MAL
cream (Metvix®, PhotoCure ASA, Oslo, Norway)< AME&T, Fde
MALS #54 a3/l Hort ¥+ 635 nm 342 semiconductor laser
diode (SLD, Laxcell T—3000, Biotics, Korea) & AH&-3t3ich.

A WA F72A=  Chlorophyll—lipoid complex (CLO)®E 31xHF<!

®, Aseptica, Moscow, Russia)S A}

Spirulina maxima %= (Vitra—Healer
a3, F9e CLCY #54 a7t Hui7E ¥+ 660nm 372 3000mW
light—emitting diode (LED, AMC7150, Ledparts, Seoul, Korea) & A}-&3}%}
t}.

SLDE 7171l EAEE £8S 71E891, LEDE 8237550 oA
AR AYE 2Aste] 285 Ao 5 enlglelA 38 mW/er,
40 cnAZ A 4.2 mW/er 7F HE% 248G LED 2AFES] AL the
o] ¥ o] &3k

Energy (J) = Electric power (W) x Time (s)



2. M @ &HASH X|Z(Photodynamic therapy /n vitro) &1}

N

1 A w7

ATty Fo) s AGHE wAoA FPS Multidrug—resistant
Acinetobactererium  (MRA) % Methicillin—resistant  Staphylococcus
pseudintermedius (MRSP)E Trypsin Soy Agar (Difco, USA)e°] 37Tl A
27y A8A| 7Y, 24 A7y wlQkSElal, Malassezia pachydermatis= Sabouraud
Dextrose Agar (Difco, USA)o 37TColA 72417+ E<t wjekst & ztzh s}
o] colonyE H3te] H AGF=E 10008 LN 1 mE WAL

FAAAZ 5-ALAE ARES Aol Agk C 22 o AE HrbehA ¢
i B, D, E, F2 22 HFE57F 10 pg/ml, 1 pg/ml, 5 pg/me, 10 pg/me7} =
L5 5-ALAE #H7FsITh A, B, C, D, E, Frra H& AA|A 441753t
37ColA FAAAZ & 90 mm petri dishol] 2] spreaderE ©]&3slo] #+5 3
Ag&d 100 e AFsA. C, D, E, F2 AF¥ 90 mm petri dishel
635 nm SLDZE o] &3t 250 mW =802 480% %9 linear probeZE %3j
120 JO] FdS FAsISG U (Table 1) (Fig 4. A). 7 % A, B, C, D, E, Fi9
petri dishs ¢FvulF 4= AR HS zpgsto] 2hzF 37 T4l MRA, MRSP
9} Malassezia pachydermatisE 272t 24417k, 48A17F3} 72417 vj<kst & 3
SPAENE S5k



Table 1. Conditions of Photodynamic therapy i vitro using 5—ALA and

semiconductor laser diode (120 J)

Group Amount of 5—ALA (ug/ml) Light
A _ _
B 10 -
C - O
D 1 O
E 5 O
F 10 O

A. Non treatment, B. Photosensitizer only (10 pg/mé 5—ALA), C. Light
only, D. Treatment with 1 pg/m{ 5—ALA plus light, E. Treatment with 5
re/méb 5—ALA plus light, F. Treatment with 10 pg/m{ 5—ALA plus light

Fig 4. (A) Photodynamic therapy for microorganisms isolated from a dog
suffering otitis externa on 90 mm petri dish with semiconductor laser
diode. (B) Photodynamic therapy for canine otitis externa with

semiconductor laser diode in vivo.



E, Fe Z+7F HE5%7F 10 mg/ml, 100 wg/ml, 1 mg/ml, 10 mg/m7} =
E5% CLCE #H7bstdlth. A, B, C, D, E, Fo2 W& AWAA 307 <2t 3
7Cold FAAZ F 90 mm petri disholl 2 spreaderE o] &3] #F 3
Agd 100 wE HESA C, D, E, Fv*2 HF¥ 90 mm petri dishel
660 nm LEDE ©]&3t] 4.2 mW/are] £8 2= 3600 &<t 15 J/are] Fd=
ZAIAEH(Table 2). 71 3 A, B, C, D, E, F#9 petri dishE &¢Fvl& 34
2 4 4SS Adste] Zbzb 37TCelA MRA, MRSP®}  Malassezia
pachydermatiss Z}7} 24 A1, 48A17k3F 72417 wiekst & HSAPJIRNE 5

sk,

Table 2. Conditions of Photodynamic therapy in vitro using CLC and

licht emitting diode (15 J/cm?)

Group Amount of CLC (mg/ml) Light
A _ _
B 10 -
C - O
D 0.1 O
E 1 O
F 10 O

A. Non treatment, B. Photosensitizer only (10 mg/m¢ CLC), C. Light only,
D. Treatment with 100 pg/m¢é CLC plus light, E. Treatment with 1 mg/ml
CLC plus light, F. Treatment with 10 mg/m¢ CLC plus light



3) BAEA
Zy =l FE gy MY} s F FFEde FAHS BT 95

SPSSEAZZ 1% (ver 18.0, SPSS, Inc., Chicago, IL, USA)S AF&-3}% ).
AA W B9 A5 Ay FA4E A o] vluEs flete] A EAREA
(one—way ANOVA test)& AA8 1L, pat <0.05, <0.012 SAA #F94
< B7tskoie

tol
H

3. M Lf ZHst X|ZE (Photodynamic therapy /n vivo)

D s E
AFdety FA5EH Ao st G214 9]
(@)

4 =
Aol AREFRl Al SRR F 6FF tde® Fes AwE Asglth @

kil
Z
x>
—
o
>~
i
ofo
ofs
oL
£
[\l
Wi
2
ﬁr‘
rl
ofs
on
4t
=
r

ntg] o] J(A)E 5-ALAR 13 A=
ntgle]l B, O F= A= MALES Agste] A Estgon = H=
5-ALAE AF&ste] A =538l Al wkelel 71D, E, B)oA 5 7

Agatel ARSAT +5 AL WF FREEW A

rir
O
=
®)
il

2) 99 Y g o5 3t
T3 glojeet 4 ool AR EHlE ARE AFAT STl

Zgt2o] =93 3 modified Wright—Giemsa stain®. 2 @ Aslo] A 3Esk A}
g At Fstdv] g o83t x1000 &R 53t 4o AlokelA
A3 A 5 At 5 A HE @ (0 =0 - 57,1 =6 - 10
M, 2 =11 — 1670, 3 = 1671 oI’ Fd%s AFEskslh.

wok Al HAF A3t Al F7F B2 JhAAE HuE W8 o® ARE
AHFH 5 AFheta eolsfehsr Arger wiel oEste] wujek 3l A
d AAHE AAsHG

Veterinary dermatology°l 7€ 2ol 7} A+ (0TIS, Otitis index
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score) =74 WA o] w} erythema, edema/swelling, exudate, odor, pain Z}t
g tste] T4 A5E 004 302 H71sk 2™ (0 = none, 1 = mild,
2 = moderate, 3 = severe), erosion/ulceration @&el thalAE= A7
tju] olgke F-91e] A wiEgo wEl 04 3o® BIFEATRO = 0 -
25%, 1 = 25 — 50%, 2 = 50 — 75%, 3 = 75 — 100%). 7N o]% 4
=5 Aol wel 24 AAAY F sbsAd o Skt

T~

1—%. 15195

|=]
y = 1, T

o,

=]
=i

=

R
off
of

g, A

P
B
%g,
e
ek
ofrt
g3
=
=)
Ho
2

=154
»
A gabz AAshelt

e A

=
5—ALAE FAAR ARESE AATol = 2ol 9 o]Jle] Table 39 ®
M3} o] 5-ALA solutione E3X33, 5—ALAF H% AX o] S50
PpIXZ W3E = A|ZFERl bAoA 5A1ZF AAAZT 21 F 635 nm diode
laser?] continuous mode& ©|&3Fo] A 7|Ale] 80 mW &8O = 900%3+ 72 J
o AR E 9ol " o) e ZAFEAL, B, C AL %5 £o]k d o)) e
200 mW 90 % 360%3F 72 J9 yAE ZAMsISITH(Fig 4. B).

MALS FaAAE AFEe Aol = golie 9 o]fel] Table 32 ¥}
ol MAL creams =381, MALO] SZEAXE e F5o] PpIXE ¥ty

ol

3) %

%
N

T A Ao A 3AIZE AAAAT 1 F A JlAleli= 635 nm diode
laser®] burst pulse modeE ©]€3to] 250 mW &322 900%7t(pulse on :
50 ms, pulse off : 50 ms, duration on : 5 s, duration off : 1 s) 92 J¢
NUAE AL, B, C 7HAIS 5 o]k 4 o]7fel= continuous modeE
o]-g&3te] 200 mW EF¥ O 360%7F 72 J AUAE 9o|x= H o]sje] FA}
SFAT A JHAl= 5-ALAE o]&3% 12} Felet A8 489U F MALS ©]&3t
o] 221 Fdst g5 3 TE Continuous mode®} burst pulse moded ZAf

W2 Aol Fig 5ol YeER AT

_11_



(A)

Duration Duration

% o
M H

Pulse Pulse

(B)

[ + 4
On Off

Fig 5. Lighting mode of semiconductor laser diode (A)Burst pulse mode

(B) Continuous mode
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CLCE #FARE AR Ao += D, E, F A #= o]x W o] ]
Table 39 Z7Ax o] CLCE E33t1, CLC7F ¥R 9 U &55HE AE
ot AAFAS yste] 308 T AASIY. 1 F 38 mW/er =39 660

)=

, 255 20% %t 68.4 J/em, 57 J/e, 45.6 J/em A 2] o]

=

. F RS = ol H o7l Ed AdTR

E
g 1A ARe A WHoRE 2%

RE AH eI 13F A : ARE ot
AT

Fos 55 AN A F A, B, C AAE 4847 B¢ AR o
3 w28 ASAAIL, D, E, F AALE 24759 AAG Ao gt =S A
A T
4) Al AP w9 (Colony forming unit, CFU) 74

Foe Ax A A Foll 5 gJolrmel 2 9o o] AR -9l

wt 2lgdarell 26, 200, 2008 24 ate] 7t
Z} BCP plate counting agar (Eiken chemical, Tokyo, Japan)el % 3 37
TollA 247y 48417 &<]F wekstaitt. oje] s|Auj2] plates IAAE F=UY

o] AA7F 307Kl M 30070Q1 34 ui=2] platec A Aol AHFLEAE =

g stoiet.
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Table 3. Parameters used in Photodynamic therapy on the treatment of Canine otitis externa

Patient Photosensitizer Dose of PS Uptake Light source Wavelength Iradiance Fluence Irrziizteion Frequency
A—ALA 5—ALA 12.5 mg/kg 5 hr SLD 635 nm 160 mW 72] continuous once
B—ALA 5—ALA 10 mg/kg 4 hr SLD 635 nm 200 mW 72 ] continuous once
C—ALA 5—ALA 5 mg/kg 4 hr SLD 635 nm 200 mW 72] continuous once
A—MAL MAL 12.5 mg/kg 3 hr SLD 635 nm 250 mW 92 ] burst pulse once
B—-MAL MAL 10 mg/kg 3 hr SLD 635 nm 200 mW 72] continuous once
C—MAL MAL 5 mg/kg 3 hr SLD 635 nm 200 mW 72] continuous once
D-CLC CLC 3 g 0.5 hr LED 660 nm 38 mW/er 68.4 J/c continuous twice
E-CLC CLC 3 g 0.5 hr LED 660 nm 38 mW/cr 57 J/et continuous twice
F-CLC CLC 3g 0.5 hr LED 660 nm 38 mW/er 45.6 J/cnt continuous twice
D—CON - - - - - - - - -
E-CON - - - - - - - - -
F-CON - - - - - - - - -

Abbreviations: PS, photosensitzer; 5—ALA, 5—aminoelvulinic acid; MAL, methyl aminolevulinic acid; CLC, Chlorophyll—Ilipoid
complex; SLD, semiconductor laser diode(Laxcell T—3000, Biotics, Korea); LED, light—emitting diode (AMC7150 , Ledparts,
Seoul, Korea).

Patient A was treated PDT with 5—ALA and second PDT with MAL a month later. Patient B, C was treated PDT with 5—ALA
on left ear and with MAL on right ear. Patient D,E,F was treated PDT with CLC and second PDT with CLC a month later on
left ear(D—CLC, E—=CLC, F=CLC). Right ear of patient D,E,F was not treated(D—CON, E—CON, F—=CON).

_14_



1. 4A 2(/n vitro) HHst X7 A3t

1) Methicillin—resistant Staphylococcus pseudintermedius® 7239
SA343
5-ALAE FHAARE A&t Adox MRSPO MNP A9+ F7H2HA 9

[e =]
e gEARoR 7 F7} fasteE AFS JERATH(Fig 6). 2] 2]
3hA] ke T A= HE 1.1(£0.2) x 107/me 7, FEAAT 10 pg/ml H 71

FoldE Ho 7.8(£3.4) x 10%me A, FLwr 2AE FolMe Hit

0!
s

T

9.1(*¥1.4) x 10%me 7, 39 @ FAAA 1 pg/mEs H7E oAM= Bt

;

7.6(+0.4) x 10%/m 7} o] Ao} FASHow Foatx ke ow
uebgeh 3 9 3R 5 opg/mt & 271 FelldE e 3.3(+0.4) x 10%/me
Me Heto] FAHo] FATA R {Fod oz eI (P<0.05), Fd 4
FAA 10 pg/ml & F74E ToldE 3.5(£2.0) x 10%/m 9 Hgo] FA ¥
of EASH T wl$ Fod F o7 YERHTH(P<0.01) (Fig 7).
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Fig 6.

Change in colony forming units of methicillin—resistant

Staphylococcus pseudintermedius on trypsin soy agar after photodynamic

therapy using 5—ALA and 635 nm semiconductor laser diode (120 J).

A.

S T

Non treatment

Photosensitizer only (10 pg/ml 5—ALA)
Light only

Treatment with 1 gg/m{ 5—ALA plus light
Treatment with 5 pg/mé 5—ALA plus light
Treatment with 10 pg/mé 5—ALA plus light
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300
200
100
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A B C D E F

Fig 7. Significance of change in colony forming units of
methicillin—resistant Staphylococcus pseudintermedius on trypsin soy
agar after photodynamic therapy wusing 5—ALA and 635 nm
semiconductor laser diode (120 J).

( % P value < 0.05)

Non treatment

Photosensitizer only (10 pg/ml 5—ALA)

Light only

Treatment with 1 pg/m¢é 5—ALA plus light

Treatment with 5 pg/m¢é 5—ALA plus light

7= o O w

Treatment with 10 pg/mé 5—ALA plus light
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4o F
= RSP Rt BT (Fig 8). oFPAE ALsA g Tl

X
aly
=¥

6.3(£3.1) x 10°mt 7, L% 2Ag FolME Fdt 54(£1.9) x 10%/me
A, B9 2 A 100 we/mE F7EEE FelldE Bt 6.0(£2.0) x 10%/me
N, F9 @ FEEA 1 omg/m & A7FE Folde Fd 3.0(£3.4) x 10%/ml
Aol Heto] YAH FATH R FodtA &2 Aoz yelgt  37EA
gh 10 mg/m F7EEE el e 9.2(+1.4) x 107/me 7} Heto] A H o]
FAH o7 Fogt oz eI (P<0.05), FY 2 F4FA 10 mg/ml &
Ae FolMe Aol YAHA Gof FATHORE vl$ §o% ZoF e
S TH(P<0.01) (Fig 9).
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Fig &.

Change in colony forming units of methicillin—resistant

Staphylococcus pseudintermedius on trypsin soy agar after photodynamic

therapy using CLC and 660nm light emitting diode (15 J/cm?).

A.

nom U 0w

Non treatment

Photosensitizer only (10 mg/m¢ CLC)
Light only

Treatment with 100 gg/m¢ CLC plus light
Treatment with 1 mg/m¢ CLC plus light
Treatment with 10 mg/m¢ CLC plus light
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300
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100
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Fig 9. Significance of change in colony forming units of
methicillin—resistant Staphylococcus pseudintermedius on trypsin soy
agar after photodynamic therapy using CLC and 660nm light emitting
diode (15 J/cm®).
( *; P value < 0.05 )
A. Non treatment
Photosensitizer only (10 mg/mé CLC)
Light only

B

C

D. Treatment with 100 ug/m¢ CLC plus light
E. Treatment with 1 mg/m¢ CLC plus light

F

Treatment with 10 mg/m¢ CLC plus light
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2) Multidrug—resistant Acinetobacterium® HEFAA Y =443

5—ALAE FHHAZ AFEst Adx MRAS HEFFAH = F2HA <

Hit 2.1(£1.8) x 10%/me 7, FLAut A oM Hdt 4.1(£1.0) x 10°/me
N, B 9 3R 1 pg/me & F7ME FelldE Fo 1.9(£2.5) x 10%/me
A, e R FREA 5 opg/ml S FUEE FeldE B 1.2(F1.1) x 107/m
Mol Aol AH FASTH oz FoahA] B Aoz Yebgh Fd 2
A 10 pg/ml S 743 FolAe Ht 7.3(£7.6) x 10Y/m Q] Heto] &
A wo] BEAstRor fo3 A o7 e THP<0.05) (Fig 11).

P

_21_



Fig 10. Change in colony forming units of multidrug—resistant
Acinetobacterium on trypsin soy agar after photodynamic therapy using
5—ALA and 635 nm semiconductor laser diode (120 J).
A. Non treatment
Photosensitizer only (10 pg/ml 5—ALA)
Light only
Treatment with 1 gg/ml 5—ALA plus light
Treatment with 5 pg/mé 5—ALA plus light

7w o 0w

Treatment with 10 pg/mé 5—ALA plus light
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Fig 11. Significance of change in colony forming units of

CFU (x105/ml)

multidrug—resistant  Acinetobacterium on trypsin soy agar after
photodynamic therapy using 5—ALA and 635 nm semiconductor laser
diode (120 J).
( #*; P value < 0.01 )
A. Non treatment
Photosensitizer only (10 pg/ml 5—ALA)
Light only
Treatment with 1 gg/ml 5—ALA plus light
Treatment with 5 pg/m¢é 5—ALA plus light

7w o 0w

Treatment with 10 pg/mé 5—ALA plus light
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ZH2A 100 pg/meE H7FsE FollAE He 1.7(£0.8) x 107/me 719 ko)
FA o] BATHOZ Fo3t oz YERI(P<0.05), FHAAT 10 mg/me

1.3(£2.3) x 10°/me 7}, 39 9@ F72A 1 mg/mb &
e FolAdE HE 2.6(+1.9) x 10%me 7, FY 2 F22A 10 mg/ml =
A7ret el Aeto] A ol FATAH R g Fo8 Aoz e
ek (P<0.01) (Fig 13).
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Fig 12. Change in colony forming units of multidrug—resistant
Acinetobacterium on trypsin soy agar after photodynamic therapy using
CLC and 660 nm light emitting diode (15 J/cm?).

Non treatment

Photosensitizer only (10 mg/m¢ CLC)

Light only

Treatment with 100 gg/m¢ CLC plus light

Treatment with 1 mg/m¢ CLC plus light

e o o w s

Treatment with 10 mg/m¢ CLC plus light
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Fig 13. Significance of change in colony forming units of
multidrug—resistant  Acinetobacterium on trypsin soy agar after
photodynamic therapy using CLC and 660 nm light emitting diode (15 J/cm®?).
( #; P value < 0.05, **; P value < 0.01 )

A. Non treatment
Photosensitizer only (10 mg/m¢ CLC)
Light only
Treatment with 100 pg/mé CLC plus light

Treatment with 1 mg/m¢{ CLC plus light

»oE o 0w

Treatment with 10 mg/m¢ CLC plus light
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3) Malassezia pachydermatis® g9 F443

5—ALAE F7AA R AFESE Ao Malassezia pachydermatis® H=d
A9 s A 5 & o7 11 Ut AAadsE TS JeERIU(Fig
14). oFtAE AP b2 Pl M= Fit 5.8(£4.2) x 107/ml 7N, FHAA
gk A7 el Hat 5.5(14.7) x 10°/me A, FEw 2AREE Folde F
i 5.4(£2.6) x 107/m7, ¥ 2 FZFAA 1 pg/mt & H7ME el Har
9.4(£7.8) x 10Y/mt /]9 Heto] FAHo] FATHOR FoshA] ke o=
etk Fd 9 FEA 5 opg/ml & HUEsE dellA = Hat 4.8(£5.3) x
10Y/me 7}, 39 9 FERA 10 pe/mt & WIS FAE FF 5.0(+1.2) x
107/me 9] o] PP EAA R Fod o7 ERTHP<0.05) (Fig
15).
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F

Fig 14. Change in colony forming units of Malassezia pachydermatis on

sabouraud dextrose agar after photodynamic therapy using 5—ALA and

635 nm semiconductor laser diode (120 J).

A.

S S R

Non treatment

Photosensitizer only (10 pg/ml 5—ALA)
Light only

Treatment with 1 gg/m{ 5—ALA plus light
Treatment with 5 pg/mé 5—ALA plus light
Treatment with 10 pg/mé 5—ALA plus light

_28_



1200 ‘ * |

1000
2 800
S
B 600
-
S
100
200
; ﬁ - .
A B C D E F

Fig 15. Significance of change in colony forming units of AMalassezia
pachydermatis on sabouraud dextrose agar after photodynamic therapy
using b—ALA and 635 nm semiconductor laser diode (120 J).
( * P value < 0.05)
A. Non treatment
Photosensitizer only (10 ug/ml 5—ALA)
Light only
Treatment with 1 pg/mé 5—ALA plus light
Treatment with 5 pg/mé 5—ALA plus light

»oE o 0w

Treatment with 10 pg/ml 5—ALA plus light
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CLCE F7aA= AFE3t A3 Malassezia pachydermatis® =& A
ol FAA Y v oERHOR 1 U Badhs AES YERSit (Fig 16).
OFFEAT A A e FeldE Hd 1.3(£0.3) x 10°/me A, F3FEAN
10 mg/mé F7Heh ol Fd 1.1(+0.3) x 10°/ml 7N, FLuk 2AFSE Fofl A
= 33 1.2(30.2) x 107/me A, 39 2 FA2A 100 pg/mE F7HEE ol A
= FHe 1.6(£0.2) x 10°/me A, FL 9D 32324 1 mg/ml & H7He o)A
= F7 1.3(1£0.03) x 107/me 742 Fgo] Ao FAGH oz Fosix &
< ZAoFZ yeyt. Fd 9 FAFA 10 mg/ml & HUbst FelAE B
1.3(+2.3) x 10°/me 72 o] P FASHoR Fo% Aoz el
tH(P<0.05) (Fig 17).

ot
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|

Fig 16. Change in colony forming units of Malassezia pachydermatis on

sabouraud dextrose agar after photodynamic therapy using CLC and 660

nm light emitting diode (15 J/cm?).

A.

mmo o w

Non treatment

Photosensitizer only (10 mg/m¢ CLC)
Light only

Treatment with 100 pg/mé CLC plus light
Treatment with 1 mg/m¢{ CLC plus light
Treatment with 10 mg/m¢ CLC plus light
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Fig 17. Significance of change in colony forming units of AMalassezia

pachydermatis on sabouraud dextrose agar after photodynamic therapy

using

CLC and 660 nm light emitting diode (15 J/cm?).

( *x; P value < 0.01 )

A.
B.

mom oo

Non treatment

Photosensitizer only (10 mg/m¢ CLC)
Light only

Treatment with 100 pg/mé CLC plus light
Treatment with 1 mg/m¢{ CLC plus light

Treatment with 10 mg/m¢ CLC plus light
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2. M U (/n vivo) ZHst X8 Z1to| | BHEF 2l JHF| AEH Bt

oA AFHT A5 Frdn|Ad dEel ot AxstA] HAF A3 A A
N ket D ato] AR AFistn o) A Aol 2 F
st o w8l AAF AelX= Acinetobacter spp., gram negative short
bacillus, Staphylococcus spp., Escherichia coli, Streptococcus spp. 7}
gt F8A  HIFA HAE A Acinetobacter  spp.®l Al
Amoxicillin, Cephalothin, Cefoxitin, Gentamycin, Tobramycin, Ofloxacin,
Norfloxacin, Enrofloxacin & 52 AAL &=olA A 2SS e
of A hAWA T (Multidrug resistant bacteria) &= A= AT F &
A5 AZo AAIGE AEs ARl A= AL o] Alokol A Alqto] A
o, A5 25Y Fele it W garo] HAHIT B A5 T AAHG

2 98e a5 F9 9 A A5 Aol M= Staphylococcus spp.,
Escherichia coli, Streptococcus spp.7} w28 S AA R A ohAl A<l
Acinetobacter spp.<= AZ=HA &Yt B, C, D, E, F /Ao AF 3 A5
Mz getdn A whzkel ok A HAF A3 et g 2 aRto] A

Holom, Fe A8 F 11 F7F gadte AFS AT (Fig 18, 19).

_33_



3.5 mBefore
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Thin smear on a slide glass was made of exudates from junction of

Average Malassezia score of
five oil immersion fields
< £ bo
= il — ol Rw] ol L]
. e—
—
:—I
T
_
7 I
o
4
T
_
-

Fig 18. Mean Malassezia count score.

vertical and horizontal ear canal and cytology test was performed.
Malassezia count score (O = O — 5 of Malassezias per oil immersion
field, 1 = 6 —10 of Malassezias per oil immersion field, 2 = 11—15 of
Malassezias per oil immersion field, 3 = =16 of Malassezias per oil
immersion field) was evaluated in five oil immersion fields before PDT

and 2 weeks after PDT then mean score was recorded .
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Fig 19. Mean bacteria count score.

Thin smear on a slide glass was made of exudates from junction of
vertical and horizontal ear canal and cytology test was performed.
Bacteria count score (0 = 0 — 5 of bacterias per oil immersion field, 1
= 6 —10 of bacterias per oil immersion field, 2 = 11—15 of bacterias
per oil immersion field, 3 = >16 of bacterias per oil immersion field)
was evaluated in five oil immersion fields before PDT and 2 weeks

after PDT then mean score was recorded .
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Fig 20. Otitis index score (OTIS)

All dogs were evaluated OTIS (0 to 3) assessment in erythema,
edema/swelling, exudate, odor, pain (O = none, 1 = mild, 2 = moderate,
3 = severe), erosion/ulceration (0 = 0~25% of assessed surface area
affected, 1 = 25~50% of assessed surface area affected, 2 = 50~75%
of assessed surface area affected, 3 = 75~100% of assessed surface
area affected) before and after photodynamic therapy and total score

was summed up in each parameters.
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Fig 21. Colony forming units count after photodynamic therapy for 5

dogs with 5—ALA, MAL and CLC.

Specimen from junction of vertical and horizontal ear canal were culture

and CFU was measured.
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FAAZE HAE ¥ AFe AdHde A5 Zsiloy, F8AE ARESel
weslo] 1950d el 60% ©]7d9

Eato]l HYAde] WAS 7HAA He A3E 7HA gkoh 1960ddol] o]
St methicilline] 7B2s ¢l oy 1961d %o methicillinell WA=

7HA = AT (MRSA) o] S35 aL, o5 A ®538H7] $1%t vancomycin©]
NEE QA 2002d %] vancomycine] WS 7 & EEAT (VRSA) o]
ST Aol oy @Al WAE 7M. MRAB (Multidrug—

\

resistant Acinetobacter baumanni) 7VA &74s Aotk (28). 2007d sk A
To olatH olo]el ol elA FeH I 54 s tEeE ARG
A3 68.4%7F methicillin®l WS 7FA3 Sl 89.5%7F oxacillin %
teicoplanin®] FAIWA S Rt B u3FATH(29). MRSPE &3] 7 9F 119F9]
oA ZAZE Ha Sl FA4A WA FEoR 200695 E Y] AFHL
20109 p2juetel s Harg whe] w=w ejojiedd Bl FaTS s el
2l ¥ Staphylococcus pseudintermedius & 33.8%°14 methicillint]/d el of
st f- A4 i (genetic marker)Ql mec A7F AT HuHAE A%
olu] mgE2 FAANEE sEHE o] S AT (30, 31). & AT
o tdEE T T mdAR oy Al WAHS e Q)
Acinetobacterium®] 2 % Sl t}.

FAs Ame FAAA WAEA ] dg ditowA Axrg WA Ha, 1999
d 5-ALAZF W= FDACIA ¥5-ghell g Sele dom #
gto] FoF 9 Alat, A4, voly A 5o X Eokel TS YE A ok F
At A5 FAA WA tisEA Rl Al MRSAe| &37F Sl Ao=® B
ol Ath(32). & A7 A 9 F93 Aw A3} Fd A== MRSP 9
MRAC| A asrt gl 2oz uhe

o )
it
Mo
2L
)
i

=
=
e

Ni



= Ao yet. 53] JielA ZAA Hes A T F
S5 WAgsk= MRSPO FJst A 5ol st A+7F A AlAA
AT A 9ot v AZbEnh webd Felst Ane A A8
daew Qs of=eme] a3t FA4 92 Aol did F2 AmHol 4
T U= Aol
Malassezia pachydermatisi= 2lo1=° Rt 5 Staphylococcus
intermedius (58.8%)¢ °]o] F WHAZ =& H]F(30.9%) S A sz o]
3 olxdow AdH e 70%NA Malassezia pachydermatis7} 22
AEZ MY goleddd WA= 7P E3 tolvt (10, 29). Malassezia
pachydermatist= 737¢ 3|50 sk wom AAE JHe] ool Y
ARE 320 Holo] oA HH WAdEs YA FH(3). ol AEE S
azolesr %13t A (fluconazole, itraconazole -5) % amphotericin B 5°] T
st AAZEA AFEETE AN REEAQ] A 9 WA A AFE-O® <l
& gt Al g WA S 2 AFEAG, AR 2 A
et F2E Fo] olfE X Qe FF mdAolx I AU vk
(33, 34). ¥ ATlA Fde A5= A 2 BA & APolX Malassezia
pachydermatiss BIA O 7 AEA7|E= Zoz Yelyy, /A9 YA+
Al gl F2go] tigk tiete] H 4 e Fo® AlRdTh
AT Aol A AZRACl ik MAL= o] &% Fst A 57F 5-ALAE ©]
st Fost X5 in] 297 o F3k=d ol MALY =2 AFA e g8 4
Hep AARNY. 5-ALAE A4 2AkEA Axv 9l PEA xR FEE
SHA S 7FA|= HbA MALS 5—-ALAE esters} A7l B 2ZA 31{d0] 715
of Bt} 2 AE IAFAIN HHARE SoldE 7T (2. 53] AVNAI= o=
g o]7)7F HlFHo] U= AEololA FbAAY HFH zpolrt Az A
ztoleof Fi= dFol o e Alsdd. @, Z4A vy §o RS
MALS o] &% #9938 X5olA o @ol yetgtoy, MAZE S48ks 150

oI = 7)Ee] Hag wpel o] 5-ALAS o] g8 A& Bt} MALS o
A5 Al ¥ A2 1FS EAATH35).
g A5t Mats APEATIE dEle @4k 9 Gl AR A
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ZAYEE WAlo)lal MAE HAA Rt = AAAZE FoF on off§ HHESE on

Ao
duty period®} offE A% FA8F+= off duty periodE AAH ZARAZE E<t
HFEEk= WAlo|th(Fig 5). HAE AA FER WS A= 49 Ae Alo]
of WZAZHE Fo] e F A FHOoR s 24 4 &4S A T

k7] SlElA s e AES APEE AR A
o= As7t HA % Adst FFE dAstolo s, TAIRE
E RteE HAE dAXA RES ARGekes Zlo] vpEz 8 Aojt

5—ALA, MAL, CLCx 717} 400nm 3] FEd 3 600nmIpgo)e] #
o oA A9 FHEE 7FA =t 400nm3bg o) WoA F3 %7t o Eh
T "o mpgo] Fopd R I Fiinvh vlopx] R 12 Z7kA] Ho]
FE3| o2 ¥ate wo] o] 600nmIF e Wo] FH LTt o o ®
ATl A= 600nm ] FHE WS AREESITH(16, 46).

MRSP % MRA®| tfst CLCE o] &3t Al o Fs A5 A¥ 5 F734
ARE Foista FdS ALk oS Aol HEFAYEATE A At
UstEd o= CLCY 71Alel E3= ] Sl dergo]l I&FS 73S Zolgt A
g9t a8y o¥r2° Malassezia pachydermatis®) W3t A ad= F2lst
2 dtha BaEe gla, B AT Aoy E FEAA Y Folsta U 44

4
A ke AT FSPYVATL Rt f908 Aol Gl Ao no}

|

_

Malassezia pachydermatisoll Wst A 9] Fst 7oA Fd 9 F7H2A|
A A Lsk el PRI A A foleittn & ¢ s
Zlol vk (26, 27).

A JjAE] CLCE ol &% Fs AmeM Ax Fo HAAFdE97E A=
A HEFYEAET g AoE Yeged, SALACEE olud FA
o] ¢h3lel Ao g ulFo] Hol o] olioM o AgafF Wgo] UdFekH sk
| Zlo] o] fr& Aztet

ALA % MALS AE3% MAl= $59 Qol=ss o1 A CLCE ol &
1

i
=

@ AAE ange 439 olude %n gydons



ALA, MALY CLCZFe] v+ SHAIFo] gt 2o, &3 AFoA = Hlsh
AR Qo]rde 7HH MAES e w A z3FaL X8 7hx

Aok & 7o Aztw)

F

ol Aol CLCS @71 AH&8 FUO =M LEDS] 7% o A%o] #

h Uls Twdl A XEves Ay FRe e 2dskA Xt Aol

=
th ® oA AFE3F semiconductor laser diode 7]7]% #do =9,

ZA}
A, 2RS4 B 5 A3 BARE ool 2 ReE 54T £ 9
A gk Fdo] o] 635nmol”] witell ALA 2 MAL¥ 22 660nmoA &4

¥ =
¢¥ LEDZES AgE 48t 29= 288, &% d7elA= 660nm

Bt sEo] Fs A5E AL AFe AAZOeE =53, 53] MAL %
CLCE ol&3 A7 AR} ok & A2 o]FofxA] 42 eo|t}. uhebA
gom gk Fols A5Al FEAL HA KA
Aejolth, & Aol ALA ¥ MALS SLDE AFES 72 Jo F3F sloll 5
mg/kg &FolM AREIHE WAL, 125 mg/kg &FlA T4 o]go] F2-&

= Holx| gkfom® 5 mg/kg oA 12.5 mg/kg &% A &4 7
A k3l | AENS APHAI7|E g% oz Alg®ch CLCO A9 LEDE A%

b 68.4 J/err®] #=F stell A AAAIES] 13 8% 3g9] CLCE AHE3HA
S AF AAxAde 4TS 7AA @G AERS APEAITIE Fe® UE
Wt CLCS A ALA % MALS 5538 Aaazs vy daixes 9 22
S0 FAAA 9 FFs o Y ol= CLCY AA 9] ALAl FaA
o] &2 ¥ 9 As NEE AYsted Favt € 5 S Zlolth ¢4 1
3] A7 A Q3 CLCY 714E 5-ALA % MALY 2~10% 4ol =X

Hlg-ohu] mgef thek Aol vt & ¢ 9l& Zlolth

—
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1. 9 Aages A 9 A JlelA ZAA S A WAdd 5 7HE
=2 &% A= methicillin—resistant Staphyiococcus psedintermedius
gl oA A A WA Q] multidrug—resistant Acinetobacterium®l &l Ak

T a2¥E HERSITH

2. 98 Ame A 9 AdedA MY fol=dy 7 dA 4dE A
Malassezia pachydermatis®l] el = 2+ g 3E e o)

3. Semiconductor laser diode 72 J # S o] &3 /9 o]y FoIst

A7qA a3E Holx= ALA 2 MALY HA £%& 5 mg/kgo]l o
12.5 mg/kg? &% LA XA, AU, JAFEIA 59 FEA A

doll o7t 28-S vEblA sk

4. Light emitting diode ¢} CLC 3 g2 o]&3% 719 ol #st X8
SYE HolE HAx FHLE 456 J/emolF o, 68.4 J/eme F ALA F
AR AlFEA, dREIAA 59 FEA4 A 9%k BR8-S UYEeRA 2ok

oo

o] dutelld FAs Am= VIE TAA B FALAY FAUWAL S Ko
© A A 9ol Ak A mAR] WRolE} AR E
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