[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

7825 slagls 9 3 LuST SO jis 8318 31T sl mSdhoS JS135 9 28 3o 1
U0 99955 (w9 95 9k )S 9 1315 sladieS u Jslate

238>
slapiosw o sl 5 oaaie cledn® U Jud sl 5 S5 S IS go (Nitric oxide=NO)wluS! 6 i i dus g dias
L3 a3l s Sle S pad aas e OLES wsd Bl (s Sie s 5 (o 8w cllad 4 S il e ay S5l

el 5K Ko i g Blgd 5 Bl s cvenlh o€ 5580 NO (s0ls Jhite sl 55 0 sake 5 SUS slapeaslS )l See

)9 ,° s *
38 sl slach e 5o .0 o i) 2ol slacisie ale (Lo gl Hu K B NO & Gl lapuilSe 5 o0 L=l ol >
GRS 5 aoBas S Calllae (e ool Bua al e LA 5 el L 55 Sl il LIS o5 (s s5age NO M Sl 3 S

il e Guie s 98 65 oS sS gin S 5 Iuals lad S 5 pasBas slag,ls 3 NO s ulyT sla Sl
i 5515 NO o0 al3T SIS 5 o al5 i ey 4 el 53 g 5l allln ol iy oy | 1T (55390 (& 300 pa0 02 p0

B e sl 5 Js3 LS sS sloagols Lo (o—alad 5u 5 (ol 4o a5 5855 Gus—S S5 S 5 lipulS 5 S v g’l*’LP aid 5S>
L G:lbe s Micro dilution broth (s, 4m ady (—Sui,loil e bale (- 3aS Gaaad aas e Hlo8 oiuy 0 3, 5—s :

etz 5,0 0T 5u 5 el 4558 alasl (National committie of clinical laboratory standards)NCCLS slaa il V 8L S % Ol lS
Minimal =MFC)g s Sas € o Lle 0,38 5 (Minimal inhibitory concentration=MIC)a—s, 51 Sas,l50

s (DipropylenaTriamine/Nitricoxide)DPTA/NO]NO sa_3< ul3T WSl < 4o (fungucidal  concentration

JaswilS (i Sl assilS (gl B s 535301 5 Yoo S aS L ol e 5 il 4 [(Diethylamine nitric oxide)DEA/NO
w109 S a3 i 3555 oSS S S 5 B apsilS Gl 555 IasBIS e sl

cad st € alss L (SSsin S ad 5 luslS ws cullad g1l DPTA/NO LSLaS oS s o olis Ladiil Ladisls
51 el 5 55 TailS g (151503 s ilS slads £ 550 50 DPTA/NO (uS1iaS 51 a1 5 suliiead iman 0ty o eus 0
5 skl 1ol (i T 1o, IS 55 50 9 5 (Fractional inhibitory concentration index=FIX<: /o) s
4 5o 35 B Gy 55301 s DPTA/NO 4l 55 suliical amas s ol (+/o<FIX<\)additive ;51 (I)Ls15,98 laysl
ana e ol | (FIX<: /0 )3 i S5 e puie 5 55 685 (o oS S 530 S

AN 2l as glag,le b aiials S S st S s 5 olual as ol 3 NO sui€ ol3T sla GuSliaS 15y aauis
slacssie Gloss sl Slasa ol Ko lsie 4 cunl (Ko auil 53 4 sl ol g8 68 & Gl 5 Bs H5um 4

a8 158 soliil o) 50 a8

sl lunils — ¥ 2y as— v NO suiis oyl pustaas = ¥ (NO)usleas) i =) :laojl gauls

fuls sladi g8 — &
ALIAIA i e y5 AEJE 0 18l o g

doddo
s Lagiigsm olaf Jole oSy pand 3l oui€ (o,€0ls ool JLisal 5 S5 S J Sl se (NOYalosI S i
relaxation 5 S o, <lac aa i ¢ ool 5o (sla srene aulais e site 80 1S slea® sl K39l an slaaiawn Hu S
callad el w50 Grinan €Tl o Jae s as B suiiS 3L o)l gie 4 Jlie H el TNl o

D6 0ol Sloss bl Sboad 5 (S5 asle sl Slrar o cuan g oo wbli il asle K ye (Sl suSutils ¢ alidg G 05,8 Lbotind (I
(Jsdeme a1 5a%) o)l

ol 0l Ol (Sless Gl olead 5 (S asle ol&ails (olan 5 cas dagd o K500 pbalE il asle 38 50 (St 0aStily parddisns 05,5 Lol (IT
el 5 ) el S (1T

3508kl sl S (IV
ol eoleial coleinl Sloys il olesd 5 (S5 asle sl€tils ¢ rulidis 5 Sue (51380 (s yaniils (V
VYV Ol (S jy pole o85> dlxe TPAD Oliwni /0 o loids / 023 jumw 095


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OlolSen 5 ([l b e 53S0

526 35 $gl5 5 UST S 25 838 31T Sl uSleaS JS135 5 26 35 S

Lo (et 5o 5 (ol 4y (e 5855 (u s-S 58 53 S
I8 s 9550 B G 55861 5 U550 S5 slag sl

.\.\Ad‘;ﬂ

SWIN UR9)

s Sl el ol le sl gla 5 <
(Persian type of culture collection)PTCC(5027)
Ol i 5 el slagia iy Glodlus Bl sad 4ugs
TS 6 gad S cunallSag 553 Tl (s sl i€
G aglie LSS ol o pad Ko cpuba BILIS
oSS i S Cisat Sy olslan 3 s i J53LS S
9= Jeld (aul8 s slagls ol o e, 5350
Ol WIS laal Bath No 50(02-03)J 55 < 55€
oS i Jsaas (Ca7H73-Asssg)B e 53 580 ot
L DPTA/NO ol NO 535S ul37 (sla puSliaS 5 Lo
wan L ol VANY (JSse 0059 s CeH17N502 Jse 58
YV oo el ¥ 5 o8 Sl dayu Yo ju celw 0 jac
9 il Jsilio 5 OF 5o Jolae 4 0l S Bl da s
Slse 535 s CaH1oN3O2 pliass S50 58 L DEA/NO
a0 YO 5o 4880V yac e L o 53lls \YY/Y 5 YY/Y
59 Jslae € U8 Bles da,u YV Lo 4iSs Y 5 ol S 0l
el il oo J e 5 O

0 oinla)l ol sl dalllas S yala sy
slaa bl L 3allas o glesla a1 slace b Ko
National committie of clinical laboratory )NCCLS
Jolbs Saly 8 ol giae .ol 8 S alasl (standards
Luse 5o o0l gl (500§ speilyen g 51 Sl 5 Sae Y -
3 ol Lo 5 o Jslw V- suslas Lo RPMI 1640
O S el YE—EA g lunlS slads £ dGelis VA-YE i
Sy 3 5l g Saa vy a5 (S oS i S
03 poS0Sae [V =0) 5SS Jolid (o guls Jlosmn
(Sadslie 5o a SouSe /- V=1E)B s sl (S L
2 p S5 San /1 -0)NO s ul3T sLaSl oS
il Sae Yoo Saly 58 ol paa 50— (ke

C)l—lil—]éH\}‘ﬁj\)SﬂAJ—‘bJG\)J—Ad]_\_ﬁb
s La3lsSle St 4S oo o M0 Ay o
Lagu sy LS b bt slaawslS )l S
Sl 9 5 BBl (P 8) o ala oS 5k e
TIPS PR SN P NP I PO PP SPRNP
‘_if‘ ﬁ)u 6‘-&&.\_3‘9.&.:. H.‘.ﬂ‘. O[_J:)f.n &l_id B
W)
aas oo Glas ol 8das o slaanlS glaca sie o
L i gigdpe b g pu <l el

\Y-1¢)

03 Opiaed ( 4L oo (Polymorphonuclear=PMN)
oA omie 9855 eSS g S dale Gy el glapaslSe
S oo 0 i Gl o a l dly JswS s win
a5 sl a ¥ Gl you i fae LB
Tumour necrosis )TNFa (Interferone-gamma)INF6
inducible Nitric JINOS ¢35 (L&l c o « < (factor a
way oo (EalS | 0 e o NO w5 5 (Oxide Syntetase
slacigie Gloss sa Jhtie sl S B a5 58T
5INOS 53 sLall oo INFS o L8l Uy el S S 530 S
S oSS s 58 g sa s olu) Jliie G NO s
3o olins wia 58 e e a1 Lasl s SLe
OLas L NO (SeSain S as 5 phowll o s ol 3
O cala cuagaae s NO (s lalilb cle 4 5 aas o
Josle S olse o o a0 5,8 o] slakaas 5o
3 saman 05,8 adss Mg s Jal las 354 v
I, No «<NoNo ates L, diazonium diolate Al « ol 5o
O 5 bas PH 0503 o ensly 50 susasn 5ok @
SeoSI JLaml b 5 Redox sla ziSly ool 51 o Jlas
a1 s,Lsu ot aalllae gy 1 sl i€ o ol
0TS 5LNO ot
35T Sl oS go aolS as ol bl e
S S s il e S a5 5= L NO su

1PAD Oluwsli /01 o jlosds / 03 jumw 293

Ol ! oSt g pale olStils dloo | VF


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OLlas 5 (JaM8 Glisge SS9

52 35 gl 9 3LuST S5 i 0318 31T (Sla uSheoS 5135 9 o2 )6 25 il

losls Gudle oo aSile VYe GuliSyss
VYo D1 LIE TuslS il e o a Sle V/Y0 1,08
SN e 9858 G5 S S s S g Silsle 59 p Sk
5 A ) aslad Joan 5o S ug Sl 59 a S
ol sad uSats

55 2 DPTA/NO L&l MFC 4, MIC -\ o jladdi J gaa

a5 58 Gu S oS g S yade 5 luilS glaw S

oSS MFC oSS MIC B sl
DPTA/NO DPTA/NO
(il 0 She) (Sl s 0 S kus)
Y/o AN oSl luwlS
PTCC(5027)
0 TAER sl lusls
Y/o V/Ye RSP R KPRV (S
° /Yo (VB TwwlsS
o Y/o (V)51 i<
YA YRR S SS s S
e 58 41

152 JsoL S 5S gaol ady (SaiS e wlile 0 1S
Sl o aSssSee V PTCC(5027) Sl Il
losil€ Gl le 5o aS50See +/0 udsbiwhly Tuwls
£ V138 1asilS Gl le 59 S5 See VT Gl s 3
23 2850500 TY 1,08 1uwlS 5 S lie 59 0 S5 S
sl B el usls MIC 5 us i L
S s Silhie 5o asSsSae V ue s 98 55 usSsS si S
ailioe s pa g0 ¥ ooolat Jun s ol wada
2B 5586l 5 550 S5 slassls MIC —Y 6 jlach J ga

o558 eSS s S lwailS slad S 555

e i sdal 5 J5ob S S MIC b sla
(Dilsbee 5 p S5 500) B
\ PTCC(5027)pusull 1S
-le ookl lusls
" oS5 5 lls
¢ ()51 5s3E sl
vy (Y)B3K Lussls
\ oo 58 5 sSS s S

Lo 5l sSae Ve v sl (1)U O (pigan o
() 5 (2ol Garesliss s 3l Sae V- s RPMI
dalre JoES 5l 50 RPMI basas 535 Saa ¥+ (55l
YE oae o Lacal s Soe urew a0 S solii ) Giule)y]
y*lfjsl‘_)sf_a.u‘)d J‘)SLSS;‘_HJ‘\A_‘)JYV Q)‘)AJJ C.\.C‘.a.u
Camand (s ad 43 £ ks 0 MIC ) sie 40 oy saaline
O9S aal oS5 o) aay TZSGJLBQ_IA.\.&JBL\AQMFC
S0 29 Gdla 15 6T 5 Sl K ¥ eSaly 58 olbgiss
O“AJJ‘JLIQJ‘J@KUJ&LQJHQJQAxML}LfM
iy gla 5K slaal iiaas i i Sk 0 MFC
‘)JJ‘}:\LQ_G‘l_)NO (SLAU.HS.‘:.‘_AS:)‘\:AJ‘)‘)—AJJQJ‘)S
M) 508 Gioladd 5m Las,la b olesen soliil

NO (sLageSl o 5 S 5a ol yan suliia 51 36 il
90— =B o 5skel 5 J LSS ol
w38 (a8 ua s 3858 usSSS g S 5 luailS slag S
il bl s g 55 Jsed Ol suldinal b 50 FIX lass
5 S 5a b SIS 51 S a3 RIS ) o 0 o
_\f.s; f\)l.t‘ L&JJ‘J

MIC of NO donors in Combination

= -
FIX MIC of NO donors alone

MIC of Drugs in Combination
MIC of Drugs alone
FIX<o=synergistic effect

- [o<FIX<\ additive effect
\<FIX<¢ indifferent
FIX>¢antagonistic effect

FIX=fractional inhibitory concentration index

sl
dbiee 22 pod 4 o ol @B
lwslE @l ol & DPTANO Sles MIC
Sl 5o a Syl +/AYe il PTCC(5027) el
LS Sl e 5 ¢S ke /107 (bl 1S

1V Ol ! o&a‘::)g. fo,l: 2l dxo

1PAD Oluwnli /01 o Lo / 03 jumw 295


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OlolSen 5 ([l b e 53S0

526 35 $gl5 5 UST S 25 838 31T Sl uSleaS JS135 5 26 35 S

aslS 5 albe s prSsSee ¥ LSLOK Tl
Oxean 5353eT MIC 5 55 sl lia 5 0 S 55%0e £ 01,08
oSS siw S sl DPTA/NO (SLS L osylas 50 B
09 358 B o Sl e 5o a S5 Sue /00T Gute s 5 g0
ol s S K3 Y sslad Jgaa
22 08 208 A SIS slasd Griaed s ol Lo
sulatl BEEN LS:‘L@'B “© DPTA/NO ‘_).MSJ::I.AS :)‘ C.\;J
lwal€ slas £ sl (DPTA/NO + J5568 65€) loen
oSS S gl (DPTANO + B s 55501)
150 aplad Joun Ho S w8 hslad (i 5 0
Lo S sl suel crwas FIX polie 0l oo ssage

mlf‘;nw&;\nva‘)md\g.\.}‘)d@.u)x&as

JsobsSsS L esslae oo DPTA/NO Ll MIC

8 afule MY PTCC(S027) Sl TapslS sl
oidbie 58 p Sl /o VA Gund sl ol TawslS il L
lailS e 5o a S (e /0T Gl 553 luilS
B TwslS 5 Gl e oo oS Gl - /Y0 MildE
59 PTCC(S02TIMIC 5 a5 il leo 5o o Sislie +/FVY
oo, 88 S Ssin S gle B orw sl ol
MIC o siaes ws Sl so aSile /oo
!> DPTA/NO (Sl L ojslase oo JoobS S
il 5 S5 e /0 PTCC(5027) il Lyl
o3 poSuSee AV Guoisliwlly laoalK
ol sbie oo p S She /0 LSy s 5 TilS 5 s

2ols LAt S 555 50 Oladar suliinal ;o B Gaew sial 5 J536S58 s DPTANO SLu& MFC s MIC ¥ o jlach J gas

Aras 59 B aew 5 sl 5 JsLSESMIC  MFC - MFC 1,56 S 35S sl an 50 DPTA/NO Sl MIC sl slag S
(Al slae 5 285 %40) DPTA/NO (Slieg (dlae 52 p S lie) B s 5 58T
-/o Y \/Yo Y PTCC(5027)uSulT lwwil<
</\Yo Y \/Ye +[-VA JEPR L o Y PR RV
-0 AR\ VYo SRR ol 555 Tl
Y 3 AL /Yo D51 38 Tawls
¢ vy Y/o < I¥AY QUSRS
[+ TR Y PR ey e 388 eSS s S
DPTA/NO L&LaS calite slg38; 5o laauilS glaay £ sty (i olads sl 56 olaas =¥ o jlach J g
AT R “[-VA el SI¥AY -[Ye v/Yo ¥/o o DSLe Uy sl
reSuke mpSile  maSile  2pSile mpSile  maSibe  »aSile  »aSile »asSike DPTA/NO
Adle Al ule dle be e sl slawss

b ,ue YV 2
" " " Oioleds
JGae Vo - Vol
" " " oioleds
BELRS ARRN AYY- - oo -
" " Sholad
) BB e Yoy
RS YAE -

Al adle Al

Y. PTCC(5027) uiSsall lasslS
VY- Yoo Y. o shnl b luwls
$.s . . Ol 955 Tl

\Y- . Y. OB, Ty wls

oY - Ae- 51 538 Isls

1PAD Oluwsli /01 o jlosds / 03 jumw 293

Ol Sy pole sl &isls dlxo 1 VS


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OLlas 5 (JaM8 Glisge SS9

52 35 gl 9 3LuST S5 i 0318 31T (Sla uSheoS 5135 9 o2 )6 25 il

J536 S 538 + DPTA/NO Gibide (sles, 5o luslS slaws S st G ylad sla s 5iS olaas =0 o jlacds J gaa

AR R </-VA NAYR S/¥AY -/AYo \/Yeo Y/e oSLaS b s sl
52 p Sk el maSebe  mpaSile  maSibe  »pSile »paSile »asSihe DPTA/NO
Adba Sl b Sl b b Ale Sbe b AL 2l sleass
RS Yoo Y- Y. . PTCC(5027) Sl layslS
" " L;JJLA_‘_'Z
Jla e Yoy Yo.. V- skl luwls
" " u:z‘)l“i'
\Yo- Wi - Y- Y- g ol 555 Twsls
RS 4. - ag. . .- O, Lusls
n n L;JJLA_::‘
Slisae RS TAA- - YAo- - VY- Ve - 51,96 lusls

DPTA/NO Sl (alide (lgi8; 5o (uie 58 55 o sSsS sip oS sad Gislad sla Sl slass —# 0 ladh J gua

JereeN  feee ¥ feneny AR Jeey et
2pSele s pSile 52 p Sl 52 p Sl o pSGhe o2 pSle

o/ee9q o/NQ 0—+/+Y9 SLaS Jb e (sl
52 pSle 52 p Sl »¢Sske  DPTA/NO

Sl Sl Sl b Sl Sl Sl Sba Sl ESIEREPS
Sl Sl Sl Sl AR \Yo- VA-- Vo sl 58 (SslS slas
oolad Oholads Oholads Sholeds < DPTA/NO (8l

ol ousS S5 S

oY- - YA - Yoo Ae- Y. GLQJBJJJ‘;K)JSJ_\:J oS
B e 53 siel) (uSlisS
(DPTA/NO +
z .

0o S sd ooa Jalo 4 S el S5 S S se NO
S 5 S e s e !
Jobss Jals s 5T a5 51 el s (oana IS 515 Sao

G 45 59 gra s Sledlal 835l S g5l
(

A E:)‘u it b‘t_s

s 3525 NO SunS 5 s 5 S5 g8
Sl oS S a s Gl 5l el L

s g e salK s e led g, DPTA/NO
il e (s @3 GG S Al )50 59 (S S5 S
oSS s S g sl lualS dad K ool G o
S (530t Snslisa 5 Gasales 4 i e 5855

(V)C;L?\)QK ‘J—:..\Jls KEERY )‘J‘)j';‘)g NO “

Sead ‘.A_;

Iy corbiaa Gl tp53eaS (gula b Gless € aglie 5 slas

o il aul sl £ 6l FIX jliis -V o jladd J gua

(D se 9 p S5 S )FIX lase B sla s
-/a4 PTCC(5027) puiSall IS
“IVo skl luals
A oS5 55 IS
\ V1 3L Iwsls
-IY¢ O51,9€ Tusls
IALIT e s 58 55 S S i S

Al (a3 e 5888 usSSS g S 5 luilS slag S
1 asa e bl 5 T oSS Hae 4t dils 4

30,5 saaliie a8 ws 31 G S maa iule]

1YY ol sl USIZ).;. fo,l: 2l dxo

1PAD Oluwnli /01 o Lo / 03 jumw 295


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OlolSen 5 ([l b e 53S0

526 35 $gl5 5 UST S 25 838 31T Sl uSleaS JS135 5 26 35 S

AJJ‘JJJ;JEJA‘JC&L;JL&JJKUJS Anvitro .]af“).‘.?.-

Saalw s By (gl daall Hu widl o 0uiS S oS

L 2l OT 3o Jlate sl s s NO
NO Saaiowsin Gpmo u) 50 53 0 K0 &) s (5500
2 3T Sl 5 ol Beme LT 4 sad a0 il il
Lo 1S O L aib oo Sl 58 ol 3 ls NO
L olaS 55 ol G yuae din 54 < el suls L invitro
olin bl s 0alS o Jolos 555 cola 5 iae
O Sl Gal €S usb o Bl 55150 740 51 Gt o sl
5o M3 i €5 gt NO gla LS 4 S el
Ol aals LauShaS ol 5 St soliinl (gl (o
el s Lol o 1) st Jlad sla SIS uiall 32
S (ola g 58 JSdie (pl 185 6l S Wil Baa
2 LNO Lagsly o Sl e len T el 8 8
G NO 4 wias o JEn) polais) glagol BT JG 5K s
L saols ansie Jae 4 8y palasa) ool o] S
Lasiiiens 1 052 S35 o ol3T LT 5o 5 seuy oo mbsxU
WIS oo Baa 81 s,
olalllae ey (l 59 (b8 ol & G sl G

(v TNl dall

S wase oLE st alasl (gla sy Lol
s 5o o 5mo 4o NO la Sl oS 5l ol 5 e JSlaa
clalllee € T Sadionsia Chyemo sl Lel o g suliiea
OSLaS 531 ¢y 8 Gl L9 e ol Sl (55 ks
o2 050 358 208 slad S als 55, 5 DEA/NO
as 536K g O 8BS sae dad Jals S 28K 13
30,50 saalie a8
SATCC sl s r0de LA g 0 (oo siws pae
S8 8 g 9o bl i 53 S DEA/NO 6B S jae das 3
OB 935y () Lo eaiS U guns Jol so ) s saaline L8 o

...\3..\\%

Bl s as 31 NO sasiS ul3T sla Sl <

09 48, LIS Galine a8 e glagola by Wyl e s

faswl€ slaes & oy 5 0 50 Josls << s DPTA/NO
(FIX<. /o)synergism il . udlSu 555 sl 5 V61,008
lasnlK 3 (PTCC 5027) Sl 1o sl 60 5o
additive 31 V51,98 e 0lS 5 Gy b 1L
S aleSsolii b oA o ol s, (- /o<FIX<V)
ousSS i S 55— 59 B e 55861 s DPTA/NO
Ay e olas |, (FIX<./o)synergism 31 5 juie ;58 6
O 955 03 JsoL S5 g NO GLosen sulii il 5o
suiS sy Gede i3l b sslan 5 S TS lasis
33 aald w5 JoOl S 5S4 pplie 5 saal i,
2348 e s JL S S MIC Jo o gesne
ol S5 S 5S4 oban € VB S 555
9 NO JsSt 50 auny oo Sl a5 5 00 S ad saaliie ol o
polie (o 59 JOOLS S © e lie Jole Hus G 3
S NO 5l ol 5 saliind 5u 55 opl 5 5 @dls L35 g5 @
oolewa G5 MIC 5 4 5l8e (i gew MIC (5506 8 55
ol sud Koo

Cnnlana S aas o Glio oal elualie s i as
ite 5 g ite sl JoOLUSHS @ o InalS glaa S
soadd saaliie ol I NO 5,50 50 € Ja ol
sagaae S LuNO G cowy lwulS glads S cualinn
S S ¢ guae aa S 51 GTMIC 5 el paditis
s0ss slolial 31 S 1o NO o sas oo Lis ol ool
oS wilge Lagls 3 aewl€e b o slite oo 31 anasla
s ub (5l Jlad ue NO i slaaeunslSe alea 5
59 oS ool uli S 5 B8 ¢ sl slapssal
5 o sbaal Lo g Lhaaad w5 b 5 Laged g5 9 Slae
(75 48l oo Jsles DNA Lo ol yuis

NO slagusle oS «S was o lis 358 @B s
Oloass oo aman Slejs o, S Glgie 4 sanl 5o il g e
o8 soliiad 55 S5Ssin S 5 ohisslS slacs sic
wls @St olalllas 5 olEdas 4 5l el ool Lol i<
InVitro ;s Lag s (i€ gl a3¥ NO Slaga Y5l 155

o3 1) ol Han I NO (350 5508 Hlafe B 50w

1PAD Oluwsli /01 o jlosds / 03 jumw 293

Ol ] oSt g pale olStils oo | VA


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

OLlas 5 (JaM8 Glisge SS9

52 35 gl 9 3LuST S5 i 0318 31T (Sla uSheoS 5135 9 o2 )6 25 il

10- Kadeken N, Kawakami K, Saito A. Different
susceptibilities of yeasts and canidia of penicilium marneffei
to nitric oxide mediated fungicidal activity of murine
macrophage. Clin Exp Immunol 1998; 112(2): 287-93.

11- Gonzales A, De Gregori W, Velez D, Restrrpo A,
Cano LE. Nitric oxide participation in the fungicidal
mechanism of gamma interferon-activated murine
macrophage against paracoccidioides brasiliensis. Infect
Immunity 2000; 68(5): 2046-52.

12- Fierro IM, Barja fidalgo C, Cunha FQ, Ferreira SH.
The involvement of nitric oxide in anti-candida albicans
activity of rat neutrophils. Immunology 1996; 86(2): 295-
300.

13- Rementeria A, Garcia Tobalina R, Sevilla MJ. Nitric
oxide dependent killing of candida albicans by murine
peritonea cells during an experimental infection. FEMS
Immunol Med Microbiol 1995; 11(3): 157-62.

14- Torres AV, Carson JJ, Balish E. Peroxinitrite
contributes to the candidacidal activity of Nitricoxide
producing macrophage. Infec immunol 1996; 64(8): 3127-
33.

15- Rossi GR, Cervi LA, Garcia MM, Chiapello LS,
Sastre DA, Masih DT. Involvment of nitric oxide in
protecting mechanism during experimental cryptococosis.
Clin Immunol 1999 Feb; 90(2): 256-65.

16- M Tohyama, K kawakami, A Saito. Anti cryptococoal
effect of amphotericin B is mediated through macrophage
production of nitric oxide. Antimicrobial agent and
chemotherapy 1996; 8(40): 1919-23.

17- Moncada SR, Palmer MJ, Higgs EA. Nitric oxide.
Physiology, pathophysiology and pharmacology. Pharmacol
Rev 1997; 25: 647-78.

18- Harbie JA, Klos JR, Wink DA, Keffer LK. New nitric
oxide-releasing zwitterions derived from polyamine. J Org
chem 1993; 58: 1472-6.

19- Keefer LK, Nims RW, Davis KW, Wink DK. NoNo
ates as nitric oxide donors convenient nitric oxide dosage
form. Method enzymole 1996; 268: 281-93.

20- Maragos CM, Morely D, Wink DA, Dunams TM,
Saavedra JE. Complexes of No with nucleophiles as agent
for the controlled biological release of nitric oxide
vasorelaxant effect. ] Med chem 1991; 34: 3242-7.

21- Canton E, Perman J, Carrilb Munoz A, Onero A,
Ubeda P, Viudes A, et al. Fluconazole susceptibilities of
bloodstream candida sp isolates as determined by National
committees for clinical laboratory standard, methods M27-A
and two other methods. J Clin Microbiol 1999; 37(7): 2197-
200.

anan Sleyo sl S Glgie € aBl S e sanl o LSS
L Ot 6 S W55 LIS AL lacssie (Lo sl

Al e Sote oliilas 4 5l Saa ol

PSS 9 g 08

saily (638 5o GALS wie )€ Lol a3IA 31 Ll o
$olSen (515 Ol lesu idlag slesd 5 (S ale
) i iondle sl 5el3T A 5 Ll 53 aalais o
w9 R e g8l 4l

1- Lancaster JR, Jack R. Nitric oxide in cells. American
scientist 1994 May-June; 80: 248-59.

2- Madan G, Rao M. Physiological and clinical
importance of nitric oxid. Indian J Med sci 1996 Sep; 50(9):
318-24.

3- Moncada S, Higgs EA. Endogenous nitric oxide
physiology, Pathology and clinical relevance. European
Journal of clinical investigation 1991; 21: 361-74.

4- Sajeevchandran N, Addepalli S, Veeranjan EY. Nitric
oxide: Concept, current perspective and Future therapeutic
implication. Indian Journal of Pharmacology 1998; 30: 351-
66.

5- De Groote MA, Fang FC. No inhibitions: antimicrobial
properties of nitric oxide. Clin Infect Dis 1995; 21(2): 162-
5.

6- Farias Eisner, Chaudhuri RG, A Eeberhard, Fukuto
JM. The chemistry and tumoricidal activity of nitric
oxide/hydrogen peroxide and implications to cell resistance.
J Biol chem 1996; 271: 6144-54.

7- James SL. Nitric oxide in parasitic infection. Inter
Immuno pharmacology 2001; 1: 1457-62.

8- Stuehr DJ, Nathan CF. Nitric oxide: A macrophage
product responsible for sytostasis and respiratory inhibition
in tumor target cells. J Exp Med 1997; 169: 1543-55.

9- Weller R, Price RJ, Ormerod AD, Benjamin N.
Antimicrobial effect of acidified nitrite on dermatophyte
fungi. Candida and bacterial skin pathogen. J of Appled
Microbiol 2001; 90(4): 648.

1Va ol ul USIZ).;. fo,l: 2l dxo

1PAD Oluwnli /01 o Lo / 03 jumw 295


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

e 5 323 5L ee S sZIB 2o slag s 9 ST SO i aA.i.iS)UTngM&lﬁ,ﬁ;@»bﬁl

22- Mc Ethaney, Feser GE, Ravlli RE, Cihlar RL.
Synergy of nitric oxide and Azoles against candida species
invitro. Antimicrobial agent and chemotherapy 1998 Sep;
42(9): 2342-6.

23- Mukherjee PK, Sheehan DJ, Hitchcock CA,
Ghannoum MA. Combination treatment of invasive fungal
infections. Clin Microbiol Rev 2005 Jan; 18(1): 163-94.

24- Shin S, Pyun MS. Anti-Candida effects of estragole in
combinantion with ketoconazole or amphotericin B.
Phytother Res 2004 Oct; 18(10): 827-30.

25- Cifone MG, Ulisse S, Santoni A. Natural killer cells
and nitricoxide international. Immunol 2001; 1: 1513-24.

26- Knoweles RG, Moncada S. Nitric oxide synthesis in
mammals. Biochemical Journal 1994; 298: 249-58.

27- Tamir S, DeRojas Walker T, Wishnok IJS,
Tannenbaum SR. DNA damage and genotoxicity by nitric
oxide. Method enzymol 1996; 269: 230-43.

28- Jourd’ heuill D, Kang D, Grisham MB. Interaction
between superoxide and nitric oxide: implication in DNA
damage and mutagenesis. Front Biosci 1997; 2: 189-96.

29- Ischiropoulos H, Gow A. Pathophysiological
functions of nitric oxide-mediated protein modifications.
Toxicology 2005 Mar 15; 208(2): 299-303.

30- Mooradian DL, Hustell TC, Keefer LK. Nitric oxide
donor molecules: effect of No release rat on vascular smooth
muscles cell proliferation in vitro. J cardiovsc pharmacol
1995; 25: 674-8.

31- Savedra JE, Billiar TR, Willams DL. Targeting nitric
oxide delivery in vitro. J Med chem 1997; 40: 1947-54.

32- Stevens DA, Kullberg BJ, Brummer E, Casadevall A,
Netea MG, Sugar AM. Combined treatment: antifungal
drugs with antibodies, cytokines or drugs. Med Mycol 2000;
38(1): 305-15.

1PAD Oluwsli /01 o jlosds / 03 jumw 293

Ol ] St g pale olStils dlowo 1A+


https://rjms.iums.ac.ir/article-1-604-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-07 ]

Ol 5 3 b e o 2B 25 gl 9 LS| S s oﬁ)|)T6bM&|ﬂpﬁ)l§Mﬁl

Antifungal and Interactive Effects of NO Donor Complexes and Common
Antifungal Drugs on Candida Species and Cryptococcus Neoformans

*M. Falahati, PhD M. Shabani, PhD M. Mirmohammadali Roodaki, MS
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Abstract

Background & Aim: Nitric oxide(NO) is a molecule with expanded and numerous roles in biologic system of the body.
It shows antitumor and antimicrobial activities. Stimulation of macrophages by different microorganisms leads to the
production of a large amount of NO with toxic property that causes the death of microorganisms. Mechanisms related to
NO perform an important role in host's defense against fungal infections. In candidial infections NO is regarded as the most
important factor in killing candida albicans by polimorphonuclear cells.

Material & Method: This experimental study was designed to investigate antifungal potential of two NO donor
complexes namely DPTA/NO(Dipropylenetriamine nitric oxide) and DEA/NO(Diethyleamine nitric oxide) per se and in
combination with antifungal drugs such as ketoconazole and amphotricin B against candida albicans, candida parapsilosis,
candida tropicalis, candida glabrata, and cryptococcus neoformans. In order to do so, we determined MIC(Minimum
Inhibitory Concentration) and MFC(Minimum Fungicidal Concentration) of the above-mentioned complexes as per
NCCLS(National Committee of Clinical Laboratory Standards) using microdilution broth method.

Results: The obtained findings showed that DPTA/NO complex per se exerted antifungal effects. In addition, this
complex revealed synergic effects on C. tropicalis, C. glabrata Il, and cryptococcus neoformans(FIX<0.5) and additive
effects on C. albicans, C. parapsilosis, and C. glabrata 1(0.5<FIX<1) in combination.

Conclusion: NO donor complexes indicated anticandidial and anticryptococcal effects and interacted with antifungal
drugs differently, depending on the species of the fungi involved. Accordingly, they can be used as therapeutic agents in
the treatment of fungal infections.

Key Words: 1) Nitric Oxide 2) NO Donor Complexes 3) Antifungus  4) Candida Albicans

5) Candida Species
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