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Effect of Zinc Oxide on the Development of a Fungal Sinusitis Rabbit Model with

Aspergillus fumigatus

Tae Gyun Kim, Chang Ho Whangbo, Seung Hwan Lee, Mi Kyung Ye, Seung Heon Shin

Department of Otolaryngology-Head and Neck Surgery, School of Medicine, Daegu Catholic University, Daegu, Korea

ABSTRACT

Background and Objectives: Aspergillus fumigatus is commonly associated with airway inflammatory diseases. Zinc
oxide (ZO) is known to be an essential microelement that facilitates fungal survival, growth, and proliferation. This study
aimed to investigate the impact of ZO on A. fumigatus-induced fungal sinusitis in rabbit. Materials and Methods:
Sixteen New Zealand white rabbits divided into five groups for this study. Group 1 (5 sides) served as the negative
control, Group 2 (6 sides) received phosphate buffer saline (PBS) without ZO, Group 3 (7 sides) received PBS with ZO,
Group 4 (7 sides) was exposed to A. fumigatus without ZO, and Group 5 (7 sides) was exposed to A. fumigatus with ZO.
After 28 days, histological and mycologic examinations, cytokine analysis, and transcription factor evaluation were
conducted. Results: The intramaxillary instillation of A. fumigatus conidia led to increase protein and mRNA expression
of interleukin (IL)-1B and IL-8 in the maxillary sinus mucosa. These changed in chemical mediator production were
associated with the activation of nuclear factor-kB and p38. Furthermore, intramaxillary instillation of fungal conidia
resulted in significant enhancement of inflammatory cell infiltration and epithelial thickening. Notably, fungal biofilm
formation was significantly increased in group 4 and 5. However, sub-mucoperiosteal application of ZO did not have a
significant impact on A. fumigatus-induced inflammation of maxillary sinus mucosa. Conclusion: While intramaxillary
instillation of A. fumigatus increased mucosal inflammation, cytokine production, and biofilm formation, the sub-
mucoperiosteal application of ZO did not have a significant influence on inflammation in the maxillary sinus mucosa.
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Aspergillus fumigatus =Xt &Z]

A. fumigatus+ American Type Culture Collection
(46645, Rockville, MD, USA)o|A] F+uljsto] AR&stct. #
F EAE= potato dextrose/corn meal agar ¥ Ao HE535
o] 5-747F i1 F 0.05% tween-20= T-7-3F QAL
Y4 (phosphate buffer saline, PBS)Z Al A3lo] 3=319
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(Hyosung Science, Daegu, Korea) 3to] 4& A 3Y o)Ak
A 9] oA AN & AES 25l A2 161
o] E715 A& stof 570 & Uro] AP 138 &
AAEF(GS), 2 AFStobdd §lo] PBSE Aolsol Foigt
T6%), 37 AtSord g Mg Zulsto] Yl PBSE A5
of £oI3t H(7S), 4+ Akstobdd §lo] Aspergillus EANE 4
oFEol Fogt H(75), 54 Atstord e e dEdotol ¥
I Aspergillus ZAFE £0Igt {H(7%) 2.2 ot A4 +
H5E B9 A2 7|&9 iR sd Bd AR iy
S YR MYsto] APsEATE Y Aslotd Fof HHL 0.35
mg/kg® &9 0.15 mL/kg HFES THFAGH] U}-’_ﬂ
T 355 1:200,000 ol z=2o] 471 2% 2|=7ielo=
& & 147]13 7¥sto] w5} ”43}5\— 1= H}ﬂs}f’— &ot

oft
)
_lEa
o
H_4
4
_C,L
3R
_g
[
o
8
8
Iy
XE
m[o
3
_?L
el
m

mg2| Atsjoll S &
ot & T 29745 E Yol 3314 |
Ho= =35 PBS 32 10709 A. fumigatus EX]%— 100 u
Lo} PBS 410 Aol Wiol Foistaiet. A 28YAol 4%
O|&EFUI CO, 7IAE o183t IFAE = F HHlE
s AFstoH, dots #HS HE 2= To} potato

dextrose/corn meal agar ¥i A2} MacConkey agar B &

% 40 u2gos

o
vl 2
Fks Z‘i—.fﬂ = d&



ol§3to] 247t gt AF-S oFsteAThFig. 1).

Afot= Fato| AO|EFfOI st =X
Arors Huk 2A9] interleukin(IL)-14, IL-8, tumor
necrosis factor(TNF)-¢ @3 mRNA @3S S5
o}, ol 242 ELISAY(LSbio, Seattle, WA, USA)Z ©]&
oto] Aoty oH HftEE 1L-14 7.8 pg/mlL, 1L-8 6 pg/
mL, TNF-¢ 1.2 pg/mLe]tt. mRNA 342 H&d AxAt
FARAAMEEZ o] &5to] ST ok Fu= 1
mL9 trizoleo|] €11, ¥ RNAE RNA isolation kit(Roche
Diagnostics, Mannheim, Germany)S ©|-85}0] £&3}9]
o}, IAAF HES2 1 419 RNAE Perkin Elmer thermal
cycle(PerkinBlmer, Norwalk, CT, USA)& ©o]-&5}o] 60T
Al 40 Aol E HESAIFTE ARGSE AIEAS] A7 EE
23 Zt}. [L-18(sense, GTCTTCCTAAAGCAAGCCTTAC;
antisense, GGGGTGTCACAATCTGTTTC, 92 bp), IL-8
(sense, GCATAAAGACACACTCCACAC; antisense,
GTCCAGGCAGAGTTCTCTTC, 131 bp), TNF-«
(sense, CCTGTGCCTCCCTTCACTTAT; antisense,
TTTCTCGCCACTGACCAGTAG, 157 bp), GAPDH(sense,
TAACTCTGGCAAAGTGGATGT:
CGTGGGTGGAATCATACTG, 92 bp).

antisense,

>

ol ato] HAJOIR} Wil 57
Aot A9h9] nuclear factor(NF)-4B, c-Jun, p38,
ERK, JNK 59 HARIAL HH L JAH EFZ o83t &
Aotk S &9 ¥5H(Thermo Fisher Scientific,
Rockford, IL, USA)l ¥ A2t & &3S #7195 Al
71 & Yo|ERAIZEZ AT FHTh o] F ZF HARIAY] 3

0

Az A2 AT T 23 FAZ ALo|A 247 A5}
AARIALY] A2 SfedgA| A=l (Pierece, Rockford, IL,
USA)Z gRlstglomn, Ztzko] e F k= multi Gauge
v.2.02 2ZEFo](Fujifilm, Tokyo, Japan)Z o]-&3sto] =

AorS 0| T ST TS ZA}
A4 ABUE Aols v ARAESE A% 3 0.1

mL9 LIVE/DEAD BacLight staining kit(Invitrogen,
Carlsbad, CA, USA) 8902 Hlo] 2ghe AefofA] 158
7 A & UE Al 3x24 glo]A @n]%(Nikon, Tokyo,
Japan)2 & gRlstglon, WA= JF F= NIS-
Elements AR 213 (Nikon)2.& I3} Tt

Fors A9 2A5H] HAak= A4S A S(stromal
layer)9] %7, 9 SAHL9F 59 A& HEE hematox-
ylin-eosin @M & Rlstitt. A3} A5 FA+=
400 pm A 02 5HEZ S5t Bt o, GSAIE
9] &2 x400 1HE&E 3t 7 5to] Hotoldrh. HH
EH|AZO] 242 periodic acid Schiff(PAS) 4 A3 &
V&R 37T S7ste] et = A6
EEL

A9 2894 SPAIR E719] AFots A A 2ol A
dotE U 54 S AN EHlEo] gRlEE A= el
o AotE o] Adt At MigolA A. fumigatuss ¥
ofgt B9 145 F 123(85.7%)°141 Zlato] HiF= AL A.
fumigatusg FoIotA] &2 4% 15(5.6%)0ll4 Zlgto] Hf
FE et Alete] H% H35 Bordetella bronchiseptica?}

Day 0 2

I
| ERAERRARRAN

28

Surgery
Groups B, D (woZO)
Groups C, E (ZO)
Group A: negative control

|
Sinus irrigation
Groups B, C: PBS

Groups D, E: ASP euthansia

Fig. 1. Timetable of experiments among the different five groups. woZO: without zinc oxide, ZO: zinc oxide, PBS: phosphate buffer saline,

ASP: Aspergillus fumigatus.
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HIFE O™, A fumigatusE Tt 39 23(14.3%)°1 4
Algto] Bl FE R FooHA] b2 - 85(44.4%)0l A Al
o] uj =] th(Table 1).

ot AHute] Ao E7RQl HE2 IL-189] A% R
21.5+£13.2 pg/mLol vls] Aots W A fumigatuss ¥
o3t A FASHA F7Fet oy, Aets E9oto] Akt
ot 9] Foi7t IL-189] BAl= FFZ PIAA Zohlet
(wZOlwith zinc oxidel]: 35.2+16.9 pg/mL, sZOlwithout
zinc oxidel: 29.1£17.5 pg/mL). IL-89] 3% X+ 67.8
+24.7 pg/mLol| v|3} Aols W A. fumigatusE oIt 7
% 37k EYloy, Aoks 96t Alstotd o] Fo
7F IL-8 Aol 9= PIAA] HotRtHwZO: 89.1+32.3
pg/mL, sZO: 84.5+35.8 pg/mL). TNF-¢ @] 73 4
A9 270 A gLl 3.0 pg/mlL °|ote] & FEE ZH 5
of ¥l 4 QU mRNA ¥ 1L-189} 11-89] 7444
oFs W A fumigatuss FoIgt 35 o THI} FARSHA
o] F716tl o, TNF-e9] 39 Aets Wl PBS &2 A.

fumigatusg F%t 3¢ 2T Blawsto]
A1 mRNA Z&o] 75t tH(Fig. 2).
Jers Al 4SSl wofste diEA Rl AARIAR]

AlSl B0

NF-«B, activated protein-1(c-Jun)¥ mitogen-activated
protein kinase(MAPK)E E45tAtt A5 W A.
fumigatuss FoIgt 3¢ NF-,B2} p389] &rdo] F-olsHA
7kt om, UmA] HARIAES T1F Ztof Ato]& HolX]|
Lortt TS AFoE Zutol Alstotd Foj= A, fumigatus©l
OJ gt HARIAF & o] FaF2 v|AA] Z5HltHFig. 3).

At BEe] A5 debs Wl A fumigatus ZAE F
of gt Zfoflnt x4 Fo|A dr|F R eI EIT 5
P 51 Abstotdd Foj= AEY P40 = 1

39,
30,
o
n:
MU

*o“l‘:% Huts 954 HIkE 25| S8 4 FA9
3}, g BHA S 5 FRlsHih. Aot
5 W A fumigatus EAE Folst FL AHEH(wZ0: 49.5
+32.6 pm, sWO: 50.0+18.5 pm)T} A &(wZO: 214.9+

Table 1. Bacteriologic and mycological findings in maxillary sinus after 4 weeks experiments

NC (5) sZO+PBS (6) wZO+PBS (7) sZO+Asp (7) wZO+Asp (7)

Bacterial

No growth 6

Bordetella bronchiseptica 3 1

Others 0
Fungal

No growth 6 6 1
Aspergillus 0 1 6 6

NC: negative control, sZO: without zinc oxide, wZO: with zinc oxide, PBS: phosphate buffer saline, Asp: Aspergillus fumigatus.
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0
@ (pg/ml)  IL-1B
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0
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= wZO+PBS
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Relative mRNA expression
w
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Fig. 2. Maxillary sinus mucosal cytokine protein and mRNA expression. Intramaxillary inoculation of Aspergillus fumigatus (ASP) en-
hanced interleukin (IL)-13, and IL-8 protein (A) and mRNA (B) expression. TNF-a mRNA was significantly increased in experimental groups in
compare with negative control (NC) group. Zinc oxide (ZO) did not influence cytokine production by A. fumigatus. IL-B: interlukin-1B, IL-
8: interluikin-8, TNF-a: tumor necrosis factor-a, NC: negative control, PBS; phosphated buffer saline, wZO; with ZO, sZO: without ZO ASP:

Aspergillus fumigatus. * p>0.05 compared with NC.
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Fig. 3. Transcription factor expression in the maxillary sinus mucosa. (A) shows representative finding of transcription factor expression.
Transcription factor expression in maxillary sinus mucosa. Intramaxillary instillation of Aspergillus fumigatus (ASP) significantly upregulated
NF-kB and p38 expression (B). NF-kB: nuclear factor-kB, C-Jun: activated protein-1 transcription factor transcription factor, mitogen-activated
protein kinase: B-actin: Actin beta, ERK: extracellular signal-regulated kinase, JNK: c-JUN NH2-terminal kinase: negative control, wZO: with

zinc oxide, sZO: without zinc oxide, PBS: phosphate buffer saline. * p>0.05 compared with NC.

56.5 pm, sWO: 261.7+£49.5 pm)2] FA7} thzxtol Hlsh
FoIstA S7tekith. BSAIR E3tAJots W A. fumigatus
ZAE Fogt 49 SAH(wZO: 3.8+1.2 /HPF, sWO:
5.3+1.6 /HPFH)® 3% H(wZ0: 23.513.4 /HPF, sWO:
27.619.8 /HPF) 5% tx3o] H]3 f-2JstA S7tstct
(Fig. 5). AAEH] A29] Aol Jots W A fumigatus
ZAE Tt A4 olstA F7FokATHNC: 2£0.8 /
HPF, sZO+PBS: 7.3+2.4 /HPF, wZO+PBS: 7.6+3.7 /
HPF, sZO+ASPlAspergillus fumigatus]: 17.6+8.7 /HPF,
wZO+ASP: 19.545.6 /HPF). 3tA|9, Zus} Aksjotd &
7h Au Aol T, ASAIEY] et HAEH] A o
FFS vIA A Zshit.
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LAk Ot20| Aspergillus fumigatus QY ZEL0| HH|SY Yo 0|X|= Fat

Fig. 4. Confocal scanning laser microscopic findings displaying the sinus mucosal cells and biofilms. A shows representative finding of
fungal biofilms after intramaxillary instillation of Aspergillus fumigatus conidia. Fungal biofilm is fluorescing areas displayed as a highly co-
ordinated network of hyphae, spreading in all directions and cross-lining each other. B shows no fungal biofilms without fungal instillation.
Green: live cells, Red: damaged or dead cells (A & B: 40x magpnification, scale bars = 50 pm).

300 30 .
250 25+ ff
=) & 20+
% 00 % 0 = NC
£ 150 S 5] = sZO+PBS
< 3 WZO+PBS
Z 100 E) 10k m sZO+ASP
= wZO+ASP
50 5

(a) o °
Epi Stroma Eos Neu

Fig. 5. Histologic characteristics of the rabbit maxillary sinus mucosa. Epithelial (Epi) and Stromal (Stroma) thickness (A) and inflammatory
cells infiltration (B) were significantly increased after intra-maxillary instillation of Aspergillus fumigatus (ASP) conidia. NC: negative control,
wZO: with zinc oxide, sZO: without zinc oxide, PBS: phosphate buffer saline, Eos: eosinophils, Neu: neutrophils. * p>0.05 compared with NC.
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% glgirkn Busteirk. 55 A9 A7|uA ek AAE) A9 o % Al
E

=

o u E% -1 =2 1O W71l - O
TR a7 A AtedS Flchs /M 288 84 A H4 glo] 107 /mLY EAE dFdo] 39 437
= oL, A7 A, At Wi FEA Rhem, Al ofste] S W2 fEstleH, StAoR 4 #Hl=0]
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