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ABSTRACT

The present study aimed to assess the antifungal effect and compare different concentrations of
thymoquinone on standard Candida strains, including Candida albicans, Candida glabrata, Candida
parapsilopsis, and Candida tropicalis, and investigate the toxicity of thymoquinone on fibroblastic cell lines
in laboratory conditions. The present in vitro study was designed to determine the minimum inhibitory
concentration (MIC) and minimal fungicidal concentration (MFC) of thymoquinone in dilutions of 0.13-70
pug/ml on four yeast strains of Candida including Candida albicans (ATCC 10231), Candida glabrata
(ATCC2001), Candida tropicalis (ATCC 200956), and Candida parapsilosis (ATCC22019) by broth
microdilution method. The MTT test was used to evaluate the cytotoxicity of thymoquinone and fibroblast
cell line. The results of MIC and MFC examinations of thymoquinone demonstrated that Candida albicans is
more sensitive than other strains to thymoquinone (MIC: 2.18 pg/ml, MFC: 4.37 pug/ml) and cytotoxicity of
thymoquinone on fibroblast cell line illustrated that the lowest toxicity was in 31.72 pug/ml and the highest
toxicity was in 13.07 ug/ml. As a result, according to the MIC and MFC, these concentrations were non -
toxic on the fibroblast cell line. As evidenced by the results of the present study, thymoquinone in specified
concentrations had an inhibitory and fungicidal effect on Candida strains with the most negligible toxicity on
the fibroblastic cell line.

Keywords: Candida spp, Cytotoxicity, In vitro, Thymoquinone

Citation: Ghasemi F, Golzar Yadegary S, Nikoomanesh F. [Evaluation of the antifungal effect of
thymoquinone on standard Candida strains and cytotoxicity on the fibroblastic cell line, in vitro study]. J
Birjand Univ Med Sci. 2024; 31(3): 234-241. [Persian]

DOI http://doi.org/10.32592/

Received: June 26, 2024 Accepted: September 29, 2024

! Student Research Committee, Birjand University of Medical Sciences, Birjand, Iran
2 Department of Medical Biotechnology, School of Medicine, Birjand University of Medical Sciences, Birjand, Iran
3 Cellular and Molecular Research Center, Birjand University of Medical Sciences, Birjand, Iran

*Corresponding author: Cellular and Molecular Research Center, Birjand University of Medical Sciences, Birjand, Iran
Tel: +5632381549 Fax: +5632433004 E-mail: g.nikoomanesh@yahoo.com

234



obigs” U

08559 3 wuwow ol w0 9 Alill’d Jwiliw! S gw (S9) ¥ 9T 9ol (2 BNS PI (wy 9
P 3T Tl s 40 (wdig gwd (I gl

Hr iagfs aabl U owl desgd (T (68l 41 4o

NS>

%

o S 3 skl lodsgw (595 » oS ged Ao Glachile auglie g (2)B05 S (cwyp pslie 4 pols adllas
ok 035 S5y p Sger Coaow (ouyy 9 g Wl g sl Lol Ll Lo bl Sl Lyl
S lpe clale fBlis wyp s GAKJZ?.LA)" w5 adlas oyl el ons (b alBiolel blys 1> wdhg b
009 319 RPMI Lo 3 i) (Lo jidg Sem < WYV slocd) )5 (458 90 (MFC) (Suiis clals lus 5 (MIC)
By VI L l5” (ATCC 10231) LuiSll Ll Lol 1518 6 yoie 255 igm jls 59y » &ly cybobldsSae
sl ol 05 03litel (ATCC22019) Ly jphunrhly L4515 (ATCC 200956) Sy, Lol (ATCC2001)
SIS lee clals Blis )y gubs b odliul (Db (Jobo 03, 9 MTT ol (5uS 90 (Jobo Caonns (215)]
Sy Qwhodl)b W/’LI:{J]K‘.}‘J UL““’ Ll L;Lm\gﬁm S9)p 07590.4 (MFC) uf.\..mf clale J§|.\> (MlC)
@il 2 (MECYY p ey sidgySee s MIC: YA ) (o jdg)Sie) (Sged & digw plo & Caud
5 05 sl (she n e )See YTV Clald 3 Cunns cpjieS b Dbyt (Jsho 03) 555 2 5uSser sk Cuews
pie bl oyl MFC 5 MIC (laclale 4 dag b 48 ool 4l ) Loy jids Seo Vo il 55 |y Cnns iy
vasin gadale 3 S se Cunl 03l i jols dslllas guls a5 job Jlen (Xilodg Mg b (ol 0d) g9y p Cuows

b oo (g b (Jobo 03) (695 2 Coow (a8 L ILbl kg (59 3 (SIS 9 (SIS Hlee Sl syl oad

u};gsw‘ ‘(_?’ O9¥ ¢u.l9l.w Caouw “.\;.\:l{ 2‘_5..\3‘5 &Lﬁb)‘s
FEE-PEL P F P i Sy pole oSl sale dlno

VECE/ oY/ oA by VE¥/ B/ 5 1dl s

Ol iz iz o (S5 pole ol ¢ gl Sliing azeS
Oyl iz o iz o (S5 pele ol (S5 0uSiily (S (g )9lid o o”f“
Opl i iz (S pole olSls o Sgie (slbslen Sl S50 T

. & e .. e S . ok
Oyl iy iz pn (S pole o8I ¢ Jgie (slas o Clidios 1S se 1) ghuno Bkumngi

S 3 0081y — iy (S pole oRild — iz yo = gin ol 3 0]
g.nikoomanesh@yah00.com: S =Sl o COSYYEYY o ¥iples  -OSYYYAVOYR il

yya



OLSen 9 (oumld dored

1303515 B gw (590 2 OguS goud (ZFIBS ST gy

09eS 3o (yBas Sl 30 53 (S8l Slllas (S
Sl 0dd aw pb adlas j3 iy opdy Gl 0l pbxl
5 WSS leo 5 4l ol olS 51 50 0dle gisS e 2yBBas
Sl Lol ol Wy g Sz sy g SatS
2 puregsbeshl bl o ullSos i Lol L MLl

g

SN (95
adlhs ol,b

e 1 e 8l I e il (2B asllas oyl 5>
IR. BUMS. o)las & disp Sy pole oish 35l
luslS claaiss 5l skl gl agw ;) REC. 1401.144
Y5 Luwts (ATCC 10231) il Lol : ol
(ATCC 200956) _ulSysy luils (ATCC2001)
05 o3zl asdlae gl (ATCC22019) _pjshshl Lytils
odd (ylup gl sl gl 5l ookl 350 badrge) oo
» et Wl il lcws ;) oslitul b bajgw 46 5 cul
Soslizd b Jolgo S 5 g p2 BT g8 Lo (s

(Sloads agl 5 ololis 65 olais! cloyely

Tyl 5l lin! gLy guw sl
ladrge 5 sk Ggpmiliwge as g clol e bl )
Merck, ) jspusogpls bee g5y » ol cuiS 5l (2,8
430 YO-YV slod edgie ;3 iS5 pbul (GErmany
w0 eSSl cels YF 51 L ad 4SSl ol S e
Lok #Y bug oo plad b (28 sk pmeslioe

A s V-0/0 xV-Tefuiml sgus slale

TS 5 (S8 oo CAlE (2 oS o)
(Sigma Aldrich, ouSses SauS)lee wyy ca>

1 Minimum Inhibitory Concentration
2 Minimum Fungicidal Concentration

3

4o
odlatwl s 4 3l o o ()8 slacssas jop
(o] i 048" 068 po slog)ls g W Sloyd (oud I 03 S
ey BB by Lacl Koy 5 mda slaglen pleyd yo
@ polie (2)B il b cnl 2 ogMe Cul il il33l
B Al gloyd 53 9l 593 LIEl 9 (2B WS lag)
coge 1wl ool Lisliel hlan 0 1) o 9 Spe g gyb
oy G (Bl slagh caslie GBSl Cudgie

(V) e 003 (3B slacisis
dsl bl it bl 098 3)Bas chgly dles]
0dd byl Gls el Joil 4 plio 2B clodygw Ll

B ysiol cosl B gewysiel cam gyl (cud
slocisie @l 2o 2kl gol (o b Sdsn )
S5:8S 5 s0S Db Cuanws Lol il 0351 Baos 9 Kot (> B
ol Gyan ial3dl 059,0) iS' o 3gae il )3 1y o 5 edlazul
s YU Cunw (g cuwglis sbul cel (oBus slagyl
OBb & (o 5l igy cnl 5l ol 0B ployd (sladiza il33)
(Y 57) b 3525 S50 5 el s ClaS 5
Y olgls 5 el alS (Nigella sativa) sl
claglow oloyd yd i b > a5 (Ranunculaceae)
O 0 pbl (glaggwy g 355 o0 B 02l 350 ilie
@ bay whabw Sk w5l gl & sad
olS cnl laails uilal )3 39290 50 03lo (3 Fnke <19 905
I &S ol Jlb i S § S S gusd () 2l o
aos it ol ons 43l ] gl eST odanie SujglsSleyls
(Swilbs Sl 4 (gl ogSes Sl e
@aSeess g Sbypwss (bl o3l puias
obw ojlac e o3lo sic 4 g ge 23 o)l ((2)B02)
Ll o 51 (2B socislh lg! ply 5o | 395 ol sl
o b (¥=0) wlodls (Ui usilSags sl ] 5 uiSed]
s 5L Ll s Sul b ylS s selsd ey

Al o Gy (2B S plo g9y p kS 9o

YY5



1EV b ¥ ol ) 5,9

ST (g pwd

M2y Sy pole o8l ele dlowe

[ et oSl b il den \ Sl 5oy
o gl (g b 2615 S Laima 5 100X cppmmlogis s
oSS YY °C slod 5 cugby L 0ZCO; gl ,5beSSl J3b
Sl 53 Cudligyed Jobo Voo galisSl Oto 5l 45
Gl glocdale by Y b8 I L A5 cuiS &l 45
A5 L3 o g & (S s 1 flysSe YA Y-
bocelo YF 51 jw babale 51 Sy 50 o5 gla Jobo duoyd
A5 pe du Coygo &yl B s S S ojl I MTT s,
Y Bl cul e cud S 4 aY (1) Bas il 1SS
wlie o5 03 ads L )l on S gy 4 Sab
S35 o] ) Kp a3 o Voo e cshaog,S sacKaly

D5 Lo g gyl gty el ases b s )l yn Lol €5

MTT Cuw 5l oaliwl b 255 s gl auo ) oy
h e 350 Jobo 03) jid 95 Voo (Sl Vil (90
PS4 (S goud jl odd (sl lacdale g sy ol 45 )
2, C02 5Ll s celo YF s A5 03938 nSals ;!
Vo ode ol 5l e s eSSl oS e asys VY gled
Voo g ub Blal bSal 4 podglis Sl yudgSee
TV ammbsSSl e 5l dm 3,5 A4Sl 4y YV s celo
Il oK b AV+g £Y-NM ;3 4 03438l anSals 4 DMSO
JyuS s el Fax 2000 (Stat Fax; Germany) .,
i A8l e podailys e Bl &y s CulS b (5l
(sl o 2y 5 5 s S ()9 ol b acSaly (o9
19355 duwbra 5 9o, 5l elitul b 05

Jilis 5 (MIC) sy 51 S loo sl il yonns < US)
Sl oBshld 5,500 s 4 5S o (MFC) (Sanis” clale
obel il 38 sl 5 CLSI (M27,A3) Ssgy b
cdale Jilis g (MIC) _SaiiS o cdale ol s (A) 03
G 4 gl O ey 81 ) (5 ge (MFC) (i
YV IOF A YDA FIYY AVD AVID XD V- o, 5
o 2535 485 RPMI Lo )3 i oo g Se <NYY
FlgSee Vo e cbld ool caSaly 51 Sy 4
o 5 039381 )8 Jsbo (gpiligs (1d9)See 50 Jsbo V+T)
Sl Kol p 3] elo YF Gao 4 YY °C o yombsSl )
2 (MIC) Usis @ 0l puusil5)lg Sio a3y pas 4y )06 o 35
bow g g Ay ple Sl Tl sb ads
et MFC (e g JSetiol)lS7 gl )BT 59285y
IS5 ddpe dw Cygo Ay yid B Cas bdiged den b 0dd
59 90 b 0> by See 48 Ay pas g Al S il
ol JobgSTiol jl ol JyuS™ glyie 0 ad oy Jlgie

T 03G9y xSl Coew (o)
Cudlyg pud
Pl MTT (ialesl opgisS 08 ol Cpmms 2yl
oDl (sl oo caiS g ol allan 3 bl 53 0
(FBS) s i pyu 71+ 55> DMEM Lo 1 il
ol a8 lase > il dee Ver ag jolale 4 D ool
A FBS 5l e Ve (o cuiS lapme) gy VoA
5| pSols it & 15 4Ll DMEM caiS Lo i e

Voo X S (9 lafod Hlow by Jobs (55 Gla=o; sla Jshol.

il
(MIC/ MFC) SuwiuiS 5 Suiif,lpo clile Jilas
l s 7,8 lagw 59, 2 oS 9o

05 3o (MBC) 5235 5 (MIC) a3, (S35 g

yyv

WLodld Julodi g 4 350 g,
(10)9) (sirog Cygo 4 @l yob alKisles] aslllas >

w0l iyl g dubrs



OLSen 9 (oumld dored

1323518 S 9 (590 22 O3S 90sd (ZFIEIS S| () 2

o530 (MIC, MFC) (S8 5 (S5 koo =) Jpar
Ty il5” Gl Ty LS o puniSenT Sy U155 1 0b! Ay gar (595 3
g T4 g et st b

B Lyl il Lol 3k clodigw cg)

Okl San oy b pellSogy Wbl pusshawhl Lol

Codl 01l pade K Jsi 55 & jebolen . pbal @y

(Hg/mI)  (igS gous 10515 4 gow
MFC MIC SISl Sl bl S 900 s ey g See VA clale
£y YA oSl Ly 3l8 YO clale )5 35 g ol odp S LWL ggy p MG
" ° it L 5y 2 8 (S35 b e 5 s S
[J{IREvRvLY
i e el e 23 SIS S G o5 i mad & ABb e B
Vi AYo ol gy luls )
Lul™ gy » pdikee » SdoSee Yo g YV daclal
Ny Yoo Yoo
AN
3 A
1w
YT
3> v
Y.
YY/V] NAS gy
. ] =i
. YA ¥IYY AIVO \v/d Yo 4
A 0 L3S e 058 s ke

Codligpmd (Johw 03 (59) 32 S g0 (Johw S il gl —) U0

Canddy VIPA (2ol slasho g9y 2 o590 1C501

ol

L)
2 polie uulS claais gous cle a4 pdl gla Sl o
b slcsgie lopy ) & Jolite (>)Bus glag)ls plp
by ooy canSs b sliwlio bagly cpl 5,8 s o oslizul
Jes 3890 lacigae o 3 ol Sl Gl & 09)Khes

! Half maximum inhibitory concentration

OFS o ok Coonw (o) 1 S

03) B9y 2 (S gord ilSte il Coan oy p @l
o3y LV S g9y p el VY (b s (tMigped (Jshe
ol 015

2 eSae YA clale )d yeiuSges a5 ob i ol
dopd g Ml (Jobw 03y gy p SaniS Bl W86 e
2 & Seo y b dwbue Aoy Ve ol gla ol
055 sla ok Dl i) Loy g e AIVD =V glaclale
2 AeSee Voo cile o g cusl o3y 047 5 el )
W dewbo Joy FIFY im0l ol s e i Lo

YYA



1EV b ¥ ol ) 5,9

ST (g pwd

M2y Sy pole o8l ele dlowe

A3 9 b Johw o)l 5 (cowdhgiow o)lgd 5> M
Sgdise (Sl o2 51l w5 wudlgiw NO2 s ROSIL
cllas 86 1 L(VF) 3550 sl 1y oo 5o cales 5
Sl Joko 03y 69y » gSges S Sl oy p > (S
ok Caow 1yl addllas o gy oyl 51wl sud pbxl
Slodge aby (SHSHke Flcon > oS ses bkl
@ ol 00d (35 Mg (Jobo 03 59y p I
86 2 ey s sSes YA cale 5 opgieS gass oS 3l ot
clale )3 oS goud 1WAl o (ol 03) g9y p (SiS I
cble JlElL g 1l e caow S 286wl il MIC

sl 70 5 5ieS 0k5j o Jgl ol e go (915 9o
LulS cloaisS 5| a6 eloglass loyd epd] sla Lo 5o
Gbss gl W asbie gl bl J S

Jole a5 (e3ylge 1) bl (glaleys dlady 4 el
52 Vb s o8 595 b ey (ol ot a3l So3glgs
Sidaid Clhogad 35 g (ggb MG () G
PUMP 018 35" (sloy] )3 S by S diilo pusl)|
LI)JMf [KVRYL¢ gw 9) O" )I Lol 0L l}‘)})’{f lusls dl.tbcby»
ol b bl )8 as Joloe & 1L daw pypolie leica
B LM Lyl 50 Yb Cwglio e pdl anlllas S 5o Ll
5oy FF 5 JgisS 1l sl mys AV o JgfisS s (ol oy 5+

(18) cud oa3 (1S JaibsSeyg sl

(S 5 4o
20 35S g0 Sl 03 i ol addllas gl &S jeblon
Foehh gl » o gdeSee VYA I i slacdal
adlas 350 Ll g0 Yl 59y 2 (SIS 9 (SWS ke
s S 8 o5 S 3 S K i3] b

Ol 3l 2gien oy 1 a3l oo (Mlogpd Jobo 03) 03

! Reactive Oxygen Species
2 Nitric Oxide

Yy

OB oy oS cund 5l g ST sl b ) WS
20 Oleyd GBI sladiia el gy Coglio S5 (gow jl 29
S G e e gy ol G100 9N dede @l
ol Cuoglio i )5 it Bl abis b p3e (sl g Seo g5l
b o8 Ol 5 g by sg) p addlas ojgpel S lulis )
Clegoge jI (So wil ansh oS (Sl ()l & (b b
(¥) Conl 0391yt | (slavdas o cliass Olis

31 bl gt gors 45 ol s adlae ) 5l Lol gl
sl 0sd gl 50 Sladgw ) 2 (SIS g S8
Lol 51 mg 9 Sl Lol sy 2 (15525 005 i
SHtS g (SuS)lke Sl gl 1088 5 el
b s BLpMS 1,0l & s (g i

B8 Bl gy Bua b XYYV o )3 )l aslllas 5>
oAb GgSges bl o S ISbgl (i gt ges
s San VI (ATCCL0231) il IslS g 55y 5
GHer 5 (59 adlllas 3 5 9 (W) W8 (I e
clle o SuS Hhe §l opaSges b olis SV Jle
Wl 665 3)lubl g dgpl g9y 2 e g Seabd:
25 L ySie s ol duslio ;> (8) cudl asls b,
BLpME sl 5 il 1usslS g 3y90 53 yolbs asllas
» oihen o Almshawit adlas ;5 .ol atily Sl on
2 opSoed gl ol (np Saa b VW L
chle Jhs dusls glhagw g p by SaiS,le
o 2 5lgSen 00 LSl sl ayg ol 2y (SHS) s
I e p g See Vo= VO BN 10l a9 5 2l
il s pn pil dallas glts | dalllas oyl gl o5 5,8
(W) el

95eeks uslSe g p odd pbul Cldlae )
Sy 3l 02l b (198 90w 45 315 3529 Jloin (pl (195 9o
daw o Vb g 3] Jlb JB0h 0y g glansST oyl
oo Sye a4 prie (a9 3Sdas JHST ()5lslS" sLs]
Lol apalse wishy olis Kaypetch adlas j> .45 .
el oS gess 5l e dgSee Vo clale b Sl



OLSen 9 (oumld dored

1303515 B gw (590 2 OguS goud (ZFIBS ST gy

ol 0dpwy pbol 4y FOPVAY aol bl &S

O i 98 o 5lio

oo Cuons slacs pbol (Jligrgp (555 1(owls donpd
Alao 4\3151 o9l s

g bonlsl pbal WJhgsn (U 1Bk LIS ahe
i adgl )5 g ol puds

codl g (B (G ggdge (b 1iegSs debls
5 O @l yeds g Bl Cllles pbsl ¢ sy
s albMol

53905 dl |y dlie oles s By dan

&8l Sl
20 8le 2Ly U8 b oS Wb o pMel dlie By

Sl dgg pils yimgd

Lo by aleis a4 (LS S50 o0le S plgis 4 (5o 0be
85 0 2basl glacisie (lopd ) @l sy ple

:.'w' 9 ﬁ'ﬁ

pole ol (Sbj 0uSuisly b Cogles 1 alowg pis
ol 390 53 Loy o coles g Slutdy S 4 sy (S5
oy S S aslllas

SN Ol
prle oS hagh (shed Ml 5l b asllee

WL o (Sp pole oK EMS] 4t g Moy (SSj
A5 ebul IR BUMS. REC. 1401.144

o o
b sy (Sbp pole olRih Jb coles b ol imgl

@l:w
Roudbary M, Kumar S, Kumar A, Cernakova L, Nikoomanesh F, Rodrigues CF. Overview on the Prevalence of
Fungal Infections, Immune Response, and Microbiome Role in COVID-19 Patients. J. Fungi. 2021; 7(9): 720.DOI:
10.3390/jof7090720

Kadkhodaei M, Sharif MR, Saba MA, Mousavi GA. Assessing the nosocomial infections’rate and the antibio tic
resistance pattern amongthe patient hospitalized in Beheshti Hospital during 2013. Int Arch Health Sci. 2018; 5(1):
11-5. DOI: 10.4103/iahs.iahs_39_17

Ebrahimzadeh A, Allahyari E, Nikoomanesh F, Zare_BidakiM. A Comparative Analysis of Nosocomial Infections
between Internal and Surgical Intensive Care Units of a University Hospital in Birjand, Iran from 2015 to 2016: A
Retrospective Study. J Bas Res Med Sci. 2021; 8(4):32-41 DOI: 10.21203/rs.3.rs-42477/v1

Erboga M, Kanter M, Aktas C, Sener U, Erboga ZF, Donmez YB, et al. Thymoquinone ameliorates cadmium-
induced nephrotoxicity, apoptosis, and oxidative stress in rats is based on its anti- apoptotic and anti-oxidant
properties. Biol Trace Elem Res. 2016; 170(1): 165-72. DOI: 10.1007/s12011-015-0453-x

Nouri N, Mohammadi SR, Beardsley J, Aslani P, Ghaffarifar F, Roudbary M, et al. Thymoquinone Antifungal
Activity against Candida glabrata Oral Isolates from Patients in Intensive Care Units-An In Vitro Study.
Metabolites. 2023; 13(4): 580. DOI: 10.3390/metabo13040580

Khan MA, Aldebasi YH, Alsuhaibani SA, AlSahli MA, Alzohairy MA, Khan A, et al. Therapeutic potential of
thymoquinone liposomes against the systemic infection of Candida albicans in diabetic mice. PLoS One. 2018;
13(12): e0208951. DOI: 10.1371/journal.pone.0208951

Ksiezopolska E, Gabaldén T. Evolutionary emergence of drug resistance in Candida opportunistic pathogens.
Genes. 2018; 9(9): 461. DOI: 10.3390/genes9090461

Y¥-.


file:///C:/Users/5639268514/Downloads/10.3390/jof7090720
https://doi.org/10.1007/s12011-015-0453-x
https://doi.org/10.3390/metabo13040580
https://doi.org/10.1371/journal.pone.0208951
https://doi.org/10.3390/genes9090461

VE W 5l ¥ ol ) 2,93 ST (g pwd Xy (Sl jy pole s ole dlme

8.

10.

11.

12.

13.

14.

15.

YT

dos Santos ER, Dal Forno CF, Hernandez MG, et al Suscetibilidade de Candida spp. isoladas de hemocultivos,
Avaliadas pelos breakpoints dos documentos M27-A3 e M27-S4 do CLSI. Rev Inst Med Trop Sao Paulo. 2014;
56(6): 477-82. DOI: 10.1590/S0036-46652014000600004

Zarimeidani R, Roudbar mohammadi S, Roudbary M, Nikoomanesh F, Aslani P, Yaalimadad S. In-Vitro

Antifungal Activity of Nano Encapsulated Caprylic Acid and EFG1 Gene Expression Profile in Candida albicans.
Infect epidemiol microbiol. 2021; 7(3): 229-36. DOI: 10.52547/iem.7.3.229

Fisher MC, Alastruey-lzquierdo A, Berman J, Bicanic T, Bignell EM, Bowyer P, et al. Tackling the emerging
threat of antifungalresistance to human health. Nat Rev Microbiol.2022; 20(9): 557-71 DOI: 10.1038/s41579-022-
00720-1

Beardsley J, Halliday CL, Chen SC, Sorrell TC. Responding to the emergence of antifungal drug resistance:
perspectives from the bench and the bedside. Future Microbiol. 2018; 13(10): 1175-91. DOI: 10.2217/fmb-2018-
0059

Rahsepar S, Delavari H, Roudbari M, Mohammad Hassan Z. Design and Synthesis of Novel Thymoquinone-Zein
Nanoparticles; Evaluation of the Inhibitory Effect on Candida albicans and Biofilm Formation in Vitro. Infect.
epidemiol. microbiol. 2022; 8(2): 169-76. DOI: 10.52547/iem.8.2.169

Almshawit H, Macreadie I. Fungicidal effect of thymoquinone involves generation of oxidative stress in Candida
glabrata. Microbiol Res. 2017; 195: 81-8. DOI: 10.1016/j.micres.2016.11.008

Kaypetch R, Rudrakanjana P, Churnjitapirom P, Tua-Ngam P, Tonput P, Tantivitayakul P. Geraniol and
thymoquinone inhibit Candida spp. biofilm formation on acrylic denture resin without affecting surface roughness
orcolor. J Oral Sci. 2022; 64(2): 161-6. DOI: 10.2334/josnusd.21-0435

Malani A, Hmoud J, Chiu L, Carver PL, Bielaczyc A, Kauffman CA. Candida glabrata fungemia: experience in a
tertiary care center. Clinical infectious diseases. 2005; 41(7): 975-81. DOI: 10.1086/432939


http://dx.doi.org/10.52547/iem.7.3.229
file:///C:/Users/5639268514/Downloads/DOI
https://doi.org/10.2217/fmb-2018-0059
https://doi.org/10.2217/fmb-2018-0059
http://dx.doi.org/10.52547/iem.8.2.169
https://doi.org/10.1016/j.micres.2016.11.008
https://doi.org/10.2334/josnusd.21-0435
https://doi.org/10.1086/432939
http://www.tcpdf.org

