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Table 1. Classfication of olfactory dysfunctions that
complicate diseases

Olfactory dysfunctions Cause diseases

Respiratory smell disorders Allergic rhinitis
Chronic sinusitis

Hypertrophic rhinitis

Chronic sinusitis
Post common cold
Drug induced

Peripheral smell disorders

Combined smell disorders

Central smell disorders Head injury

Intracranial disease

TEEDH 57, WEEE NS ARAFOM FEEYZENI B
O R IREER F R LB sha, LiL, KE
FRORONGWIREBEF TS A7 04 FEEICL ) RERE
EOKET 2 HOVHR SN, Bk bPURERH U OB
ST nwAZEbEILNS,

FEER s, BRERERCT LLF e AR AT MLB%
EEDIIMEMETIAZ LG LITLIERERENS, FEREL
TREROREIZL 2 =4 A WEOEHEEFEZL LND,
ZOMIZR EROFEET 2R L T REFTIE, RE
SEOBARMICMEST SR L EZE D R (WK OB
Bk &b, MBOMEIROEIC L ZMERHE (RAREER
BRE) OFEDTREEIE I NS, BRSBTS &
LT, BERIZO»2EEERECY A NARELHCT-HD
REREAL, FLLOEMERERIZIZ—EIRITVE
LEZLNTWA, #ONa' 14 ViEIE50~60 mM T, [
W R EE)RHD128~ 150 mM EZKE(BE-Twd L
HEINTVEI B EFICEWTNa 1 1 2 BEIMEC#
RTWBZ L, WHIRFOMNY) ¥ e & AR A
e O%E% R LT B HEMEAMEN SN D, = OB
ORIFEIMIE DHERFCTHEOBBICOWTIL, TERIZEALHR
XN TR,

—fEIZ, A4 OEEEHERRER S L CTiholETme nT
WA Lo, 44 HEYT (lon pump) & A 4 A8 A&
(ion exchanger) "I H L5,

MRANBRE R T20ICRSBEE R/ A VB TEF MY
LR TTHY, Na A4 ¥ &K1 F v ORER%Z T~ C
W5, Na', K“ATPase (sodium, potassium-ATPase) (Z#IfZiED
FrUTLRESTICEEL, FOMBAA  BE (&MY
Th, BH)TL) MR TABEYHo TV ABETHS.
Fhdb bUY L - 7O R AE (Na-H” exchanger,
NHE) {3tz AT 2 EEA T, fMlgstoNa' 1+ > &l
MNOH 4+ % 131 T LY, HMiflarpH 0%, #il
OREOWE, MEEALTONa A & v ORIz E0E & %
HoTun Y '

ARFFgEI, MRAGTE O BIRE Ok R RO S R
J21Z31F 5 Na*, K-ATPase & NHE DR W2 MEtL, W
EEEIZBITEATOA FOERBFELEET L2012, 7V
TaNF A FEEEORRIZOWT L& THRET L.
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[. REMEBEREREIC S D85
1. %

H1k 4 ~ 5 EBOAEE100 ~ 150 g ® Wistar BT v b (B
BF ¥ —NVAYN—, $HE) © K A4E, B4 RO 24 L
A L7z B O HL Y e i3 SR FEE M R B £ ER D
B EERIRETICRE Y, BIICERE S AL DI EE R
L7,

2. FHRERIL

MRS B, R MAVET—N (A TI—1®,
KEARBHE, KPR @100 mg/kg BIENIREZ &5 K%, B
ML TRROIICIERBEE 2 17> 72, @Hci30.01 M PBS %,
B EMIZIE 4 %7$F RV LTV F (paraformaldehyde,
PFA) PBSH M ZMEH L7z, REEERMBRNO/ZOMTEL,
24 B[ PFA [B %8 12 THESE L 7= % 12%EDTA KB 2 THRIK,
TN a— v ERRFNTHKEEG) T4~ (Hemo-De®, [EiR
BERTHE KR TEMLEAAT 74 8L, 370
LI TRIBERTHFRNE S 2 pmOY T &R L7,

3. SRIEMLEIMLEIORE ‘

BRI FEA DT VR —EICTATA NTFRALET
Fof 28T 74 PYREH 5714 > Lk, 3 %BEE{LX
FEARIZTIOFERAGRL 55— CiEEEE LA 3
HRWEIG 2 HET A 2012, 1% 7 Y ME7 V73 ¥ ITris-
HCI (50 mM tris-buffered saline) # 104 F R S/, —X
Pk % 24 BB D & 27z, —RPUERIETH FH T v b Na', K-
ATPase p — 1 iff (Upstate Biotechnology Inc, Lake Placid,
USA), w¥FHiv by raarFa4( FLe 7y -k
(Affinity bioreagents, Inc, Golden, USA) & ##L £+ 1004%, 200
ERARCHRA L., ZREE LT, =3 F v ¥ — g7
FALT UHEAEYFIH I FGHE (52 - Vv iy, 5H)
AL, 300MKIESE/2%30%3, 3T I/INVFY
> MY (3,3-diaminobenzidine) ALK FE N Tris-HCHIZ T
3~100MRERIEETo 72, wfEaps LT, v/ ¥—~
= ME U VAN FIEMBE T, KR (T30 MBEE L
AR
4. TP IT BhE g

IREREENFMO OIS, TTEIFNBISEFLE LTy 7O
F 3 3 K (cycloheximide) % FlIHI L 7= WLl AA T8 BIg L & 17
27,

S rOaRy I FARKIET v MIE o THEDZ 4 1 LA
R EFEOL SN, Iy MI—EFOREHERI L LI 0
AF VI FREEROWOSF M REEBL, tOREEOZA A
FRWEEFTYraAFs I FABRE ST L) %57
720, BEFE L THOSNTWAERTHA.

T v M3 12 B AR TR O IS £ RIS
2725, Ty D RIBORIEIIT % 7201 48R Ak S & 7214,
Ty FAE S —VI2001% Y 7 AAED I FREBON - 728
AR & HERE kR ANTRAREERAL, COMFEr—YI127
FELIETDAN, Ty MHFEELOBKIEPHHKT B0 %,
105N OBEHRMTES v MEEI0ORITT oL B
B L EOIRREIZT 572010, HWAKRDEMICOZ DT 5 LE
CIZHABEBD A LT, Fv Mol BESEOKS L
v Iz L7 1 a4 Gellermann &5 @25 - T
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E1EHOEERTHR, Jv MIT9LM0kE S8, X
MBENLKDZSZ0VE I L T8I RICFROERY
fTv, E2EE L L. #2FrRE2b0ET D201, #Y
B2 RAETINEHBYEL, LOFy b3 ~4FEDE
ETRRIIZE Y B G o e, BIIEITE OB &0
E—EICT A0, TRTITED?L 20O ICHEAERD
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5. REEEEFILOIEE

PoUNFEY I NRBBICEAFEFRTHRUBEIZ, 5%
BTSRRI 2 BB L. HBIZHoTIE, F v MEIE
Iz L CHEESEEEL, | mlyESEI220 ¥ —JZEE (-
Ju—-®, FIVE, HE) ONEHTERL, MAAECER
102 mlTOEA LA, HBRESA RIS R 2
TH720IZ, 105 B D F £z L7z,

6. MR
LRROFEICH > THRRLAREEES v b, TREEEHK
WA RE2, 5, 8, 14, 21ABIC, xHEE L FE#EIZL TS
574 v EERL.

I. EBMPCREIC L 3B ERKICH 115 NHE REOS
1. %

5 6 ~ 8 B DIKE 180 ~ 220 g D Wistar R T v b (B
RF oy — VA N— | g % IPCER L 7.
2. R LR ORE

Fw MENY IV ES - (AT F—L®, KHARBLSEE,
KBR) 0100 mg/kg IEIEATRS - X 2 BREA%, B L TROR
IZHEREE 21T o 72, EIHWICIIKE PBS %, EEWIZiE
mRNADFEEE B C-0 kG 7 b v G TH) 448
HAL7. BABREE, AESEFENRO-OEMEZME LT TR ol
Bri, SPREES SR EEERHE LA, R L 22 o361
BEEDHRNSTZ 71 Y BEL T, @EOHERE 247\, BL
BTHHI L MMENIRERLCB V. TR Lk LR
12, B, B, KB, B, O, ML L. LA
ARSI MAERN TREERE SN, ROERREE T80TH

Table 2. Primers and Probes

WIREANTHRE SN,
3. mRNADHIH & cDNA O F$L

REFSh 2, #1217 20~50 mg % QuickPrep®
Micro mRNA Purification Kit (Amersham pharmacia biotech,
Piscataway, USA) % Fiv> TmRNA Z i L7z, #oER, »
T =Y 2 LFF DT &= b (guanidinium thiocyanate) & N—
Z a4 a3y (Nlauroyl sacosine) # & ¢+ cia
MWEBEERICC (UR20P, b I —HT, WE) BRL %, +
)T (dT) Era—2 (oligo(dT)-cellurose) i~ m-RNA % I3 «
w7z, #0%, BEBEREE (high-salt buffer, 10 mM Tris-
HCl, 1 mM EDTA, 0.5M NaCl, pH7.5) & {KI5i%ERBE® (ow-
salt buffer, 10mM Tris-HCl, 1 mM EDTA, 0.1 M NaCl) T% 5
Elsed L, &L L7k, 400 p IOBHBHE K (elution buffer,
10 mM Tris-HCl, 1 mM EDTA) TmRNA % & X 72,

ZITHEOLNTBHRIEDNADRAZ G728, DNase [ (£
Eig, KE) THRIELZ. T4b5180 1 10O mRNATIZ, 20
w10 10X DNase I#2# (0.5 M Tris#&16#, (pH7.5) 0.1 mM
MgCl, 1 mM V54 ML A+ =0, 50 p l/ml F4EIET VT
1), 5 ul®DNasel (5Gunits/px 1), 5 x 10 RNase FHEH|
(FilrE, KE) #MAT37TCTTI0HHAEL 7. HFnT7x
IV L, 2.5 MEEEES U v 4 (pH 7.5) 2N T95% L%
/=N T30mLLE, —20CCiRE . FOHKES0 1
@ RNase K THEME L7z,

% @ mRNAVE ¥ (& First-Strand cDNA Synthesis Kit
(Amersham pharmacia biotech) {2 TcDNAIZHIEE L7z, g
IEmRNABRIZ T ¥ FAAFHFFF S X 7 LFF F (random
hexadeoxynuclotides), ~ 7 A B3R HEEEEREZE Murine reverse
transcriptase) 1%, 37°C, 1 BRRKG X, ®%I1290°C, 54
RIS THEEBR RIS ¢/,

4. EEHPCREE
1)) 7o—-7e 774 v—D#R

BB OLNL, cDNABRIEB-TZF DT I 47—
(Promega, Madison, USA) (2 T#%E D PCRER 404 1 7 VT
v, EMBEDNADRBAIZL 2N FAEHMB LW L 2R
L7 2 CHER L7

EENPCR#IZ, ABI Prism 7700 sequence detectoion
system (PE Applied Biosystem, Foster, USA) % Fiv:7-. #&{ZF
BHOWEMI Y ba—LE LTI, YV EaF LT FY Y
% ik £B£ 3 (glyceraldehyde-3-phosphate dehydrogenase,

NHE Forward primer

Reverse primer

Probe

1 5-CACAGTTCCTGGACCACCTTCT-3'  5-CTTCCAGTGATGGTGGCCATA-3' 5'-(S-carboxyfluoroscein [FAM])

2 5-GTACTCAATTTGCAGCCCAGG-3'

-ACAGGCATCGAGGACATCTGTGGTCA
-(N,N,N,'N'-tetramethyl-6 carboxyrhodamine[TAMRA])

5-TAGGCTGGTGAGGCTTTCTTT-3' 5'-(FAM-CAGGCGCTTCTTGCCAGATCAGTTCT-TAMRA)

3 5-TGAGGATGAGAAGCAGGACAAG-3' 5-GCCCAGCTTAGCCGACTTAAG-3' 5-FAM-AGATCTTCCACAGGACCATGCGGA-TAMRA-3'

4 5-GAATCCACAGGTAACCCATGCT-3' 5-CAAATCTTCTCCACCATGGCC-3' 5-FAM-TTGGCTGCTGCATTTCCTCCTGTG-TAMRA-3'

5 5-GCTCGAGTCTTTTAAGTCCACCA-3' 5-CTTCTTCTTATGGCCGGTCTTG-3' 5'-FAM-TTTCACCAAGAGCAAACCTCGACCC-TAMRA-3'
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GAPDH) O REBR 2 HE L L7 (TagMan® Rodent GAPDH
Control Reagents, PE Applied Biosystem) .

NHE @ #{5FEBFiE, 1> % —3% v b TEntrez-Nuclotide
(http://www.ncbi.nlm.nih.gov:80/entrez) # 5 #7 o — KL
7o NHEOBREFTET AV 7 4 — LA TCREFREFIOKERY
HE W CEWE A 5 700-800 bp D EEEF) * BT, /8= F
Vva v ¥a—¥%—TPrimer Express (PE Applied Biosystems)
PHWTT 74— 70— RRLA (X2). FHLLS
I A T—FEEE (KE) »5, 7o—TR@—FrTw—
xSV (HR) hbENEREA L.

2) ABI PRISM 7700iZ X % E &K PCRE

RETIRIBRT V- FADETINVTEREFRTTA 7 —
L7 =T OFEEFICPCRIIG %17V, PCRRIGDERIZL
bRV, 8§ X7 LT —CEREb o TaqgRY A5 —¥H 70
—~TRRRTDH. FOLETO-TOFBEHTIXT VI L—
F—HRIZTHEINDYR-F—D6—HVEFV 704D
+ 4 > (6-carboxyfluorescein) DEED, 6 —H IV FFTF
9 X F NV Ha— ¥ I v (6<carboxy-tetramethyl-rhodamine) D%
KXo THLHENDA, PCREICOETL L DS u -7
FBINELY 7 FUEMTHILICL ) PCREWOERK
REZS—FEH. ZOLIICLTEYTINVIIOWTPCROK
eE%E, PCREBMOREL KBT 2 HEMEELHFTH. &
MICE VRSN PCRIEWR MR D &, PCREW IH MM
SRS ARV A 2 VEEBEY 1 2V (Threshold cycle,
CH &L, ToCtiEidsts s 3 2mET O PCRIICHEE O
MBEZRBTS., CRICENET Y T VOREFOIE-HD
HEEARDONE. THERBSEEB T LRBAET
SMIZT, THbbp-To2F 7 u7VFL ) VB
Bk %EBEFE (GAPDH) RIEFORBE CER{LT A LI X
N, EREFORFREHFLBTIEICES.

ABI Prism 7700 # B\ 72 PCRRIGIX, UTOLHTITo .
£y viZit, cDNAY ¥ 7V, 10 X TaqmanBHHE G « D,
£200 4 M dATP, dCTP, dGTP & 400 x M dUTP, 5 mM
MgCl2, AmpliTaq Gold 1.25 8., AmpErase” 7 >V N-71)
33¥ 5 — (uracil N-glycosylase, UNG) 0.5 ¥4 (PE Applied
Biosystem) iM%, 794 <—%300nM, 70— 7% 200 nM
DREIZLDLIICLTLEES0 g1 L =<1
7—1350C, 247/, 95T, 543H ok, 5044 7 v» 95T, 15

Fig. 1. Normal olfactory epitheljum in the control rat. Black
arrows indicate acinal cells of Bowman's gland. (Hematoxylin-
Eosin stain) Scale bar indicates 20 xm.

#, 60C, 1 EOBIEE4T- 7=,

BV TIVORGEFOIC—HORBEES ST 57012,
BOmRNAZ 155, 4145, 1645, 64145, 2565 ICAIML, HEi
HM#MEER L7z, 120 mRNAY » 7iviz—E O FHAlIZ oW T
ITVINICTITbR, BE2EXLTIEFHIL T, SEENFEY
e BBEEL RO, BRI LOBEPERICT 27012,
BICBITB RO {E % NHE/GAPDH=1 & L CEHEL
7.

B |
I. EXSy MIH3HEER
1. E¥9 v FOHES A

EET Y OBBERSIIRER EHEEER» /R, B
ERIGRMR, EER, BEARIOBESN T, BE
BT D ¥EREE A P12 12 Bowman R OB E AR HELD & iz
®1).

2. Na', K-ATPasefithD FBHE

E#HTy FOBREEY®, Na', K-ATPasebith % —kbifk & ¢

DREREICTHELL (M2) BEFOLZITRLMIER

Fig.2. Na‘, K-ATPase staining of normal olfactory epithelium.
Ductal cells of the Bowman's gland showed strong
immunoreactivity (black arrows). Scale bar indicates 20 . m.

Fig.3. Glucocorticoid receptor staining of normal olfactory
epithelium. The cytoplasm of the olfactory supporting cell
facing to the nasal cavity showed strong immunoreactivity.
Scale bar indicates 20 zm.
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Table 3. Summary of immunohistochemically expression in control rats

Location Na* ,K *_ATPase Glucocorticoid receptor
Supporting cell
Apical surface - +
Basolateral surface - +
Olfactory cell —+ -

Bowman's gland
Duct +H —_
Acinar cell + -

Expression was graded. +, strong; +, weak; —, faint or absent.

Fig.4. Amplification plots for quantitative RT-PCR reactions with the starting sodium/prdton exchanger (NHE) gene copy number.
Changes in normalized reporter signal (A Rn) are plotted vs. cycle numbers.

Fig.5. Standard curve plotting log starting copy number vs. Ct (threshold cycle). The black dots represent the data for standard samples
plotted in duplicate and the red dots the data for unknown genemic DNA samples plotted in triplicate.
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Table 4. Relative abundance of NHE-1, NHE-2, NHE-3, NHE-4, and NHE-5 message normalized to GAPDH

Site NHE-1 NHE-2 NHE-3 NHE-4 NHE-5
Olfact 0.51%0.053 0.57%0.27 0.0089:£0.00011 027£0.13 43%1.0
Kidney 1.0£0.045 1.00.20 1.0=£0.19 1.00.04 1.0£0.36
Small int. 3.82£0.23 180+2.7 5.0%1.1 0.44£0.070 1604£5.0
Colon 5.0%0.53 40+4.0 0.16£0.046 0.022+0.015 33£4.7
Brain 1.31%0.16 40x1.1 0.047=£0.00061 12£0.46 290+31
Heart 7.3£2.0 1.310.84 0.028£0.014 44427 230+38
Spleen 354022 3.6£0.89 0.11£0.036 30£0.8 41016

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Olfact, olfactoy epithelium; Small int, small intestine.

Values are X=£=SD of 3 independent observations.
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Ratic of correct response (%)
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Days after nasal injections

Fig. 6. Mean percentage of correct response in olfactory
epithelia damaged rats that were made irrigation with zinc
sulphate. Test means the training of rats to discrimination
between a 0.05% cycloheximide solution and disilled water.
Data are given as X & SD.

D 7-Di3, Bowman B DRE CTH o7z, FDOENIC
Bowman R OIRE R EE T ORMERTREHLBDH 7 (R 3).
3. FhIanFadf Rk 7y -0 EEER

FE#Sy OB Ry, FVvaalFad Nk 7y =ik
R L T A RERAICTHELL (W3). REEDOZY
THELMEEZ RO -0 LHNBoREAOMBET, X
FHoMEcb FR L) iR L HO L (E3).

4. M EREBITANHEDRH

BENZ BV TRIFR PCREIGH RN a7z (K4). 2
b ORIRIE D 5, BOmRNAZ FHR L CEEIIER LR
R, CtE L MR & OMICRIF2AHBMEARERLA (E
5). THAIZXVELNAFHULITEOFHIEE R4 IIRT
NHE-1IZ DB BV TR OBHEANB CBOT3HT, HED
RO 051 L T4 TH - /2. NHE2IZREAVNE
TED180%, BIEASRERD 0571 T320fE0ENH - 72
NHE3 TId R &AM TE D504, RIEAMR L D 0.0089 1%
TH60fEDETH - 7. NHEA TIIEEMPBRIEO30MET, &K
AIRNE D 0.022 T# D13 1,400f5TH o 72, NHES & EH M
D 4108 T, REFTTIHETEZOEIILFETH 1.
DEoigss» s, NHELIZERBREHNEI D& &R
B AENRETH -7/, NHE2, 3, 4, 5EEHLHENE
PRE L, BBRRNLEREBRKIRES L. RERIIBY
TIZNHE1L44 > NHE-2, 3, 4, 5 DOZRBEIEFFIEL, i
B9 TR E E R LTV EREFZIZ(VERTH- 2.

. BEEEETIVICE TSRS TEER (X6)
PSRBT A BIIIFBIZL D 100%DEERTH o 72
A5, HBILEYEDT Y FTHEEEOETHR S WREESE
MHIERZ Tz, HA%2 BB TITY66.5% LR E
WEEETHo W, ZOHIT4HEIIL0.0%, 6 BRI
83.3%, S HHEIZ90.8%, 10FHHIZ93.8% L4 IZEERH L
AL, 4AEIZ975%, 16 AHIZ100% &, WEIITRERESR &
BRTOIREE X 2 FERICEE L 7.

. BMEEEEFIVICHITSEMEE

1. HE#f

EERE (D7 A T, HERKSHEAR%2 AE TR
FREMELTEY, REMBRIIIEERMICESE LTV,
EEARICEnEOWEARSA (M7 B). 5 HETR, &
EEAIBIEE R R ), BN F ISR 2 o THIEATR
LA, TR E AR > 7, BowmanfR b (T L
AERONEo (F7C). 8HBICRAE, BAELALEE
WELELNAE XA Y, $/-BowmanfRd BRE SN
(F7D). 4HEBE &L E, RO PRl LD
FOMBEEBREEL LA D o7 (A7E). 21B B TIXEFH
XL Loz (AT7E.

2. RIEHEILARE
1) Na*, K*-ATPase Hif&

Na‘, K-ATPase k13 1F % #: T Bowman JR OIRE T < 4
& T W (8 A) A, WREFOBTE L 7 il KIS
B2 OB TWRBEL 2 REMROIEA2 g T OMAHER TR
AR SN (U8 B). Mk 5HETHEHARLEEMIESRS
NsEIChadl, BEREYFMBTOREINZ (K8 C).
HABSHHTIHMRNEONE LI >T B L,
Bowman B OB E TREAFRD LN L L H 2% o7z (K8 D).
HERUABUBRTLRE~NOLEBIEED LN (U8 E F).
2y 7 vaanFadf FLe7y—Hifk

yrazanFaf FLx 7y Pkl ER BT R
(s T (D94 A, THEMOBRE L Tvw 5 HRE
AR S 2 B B TIIBRFREMEIc el RO (K9
B), 5 AETIHEE AL amEMRTBEEsh ez (|
9C). HEZKSHETEHMMIHESNELI)IIRDL,
FEMREE CRE SNA L ) ICh o7 (D9D). REK
HE, 21HETIE, REEHZEERLIALCTHo7Z (RIE,
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Fig.7.  Photomicrographs of sections through olfactory epithelia in control rat (A), and damaged rat, 2 B), 5 (C), 8 (D), 14 (E), 21 days
(F) after damaged with zinc sulphate, stained with hematoxilin-eosin. Scale bars indicate 20 pm.
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Fig.8. Photomicrographs of sections through olfactory epithelia in control rat (4), and damaged rat, 2 B), 5 (C), 8 (D), 14 (E), 21 days
(F) after damaged with zinc sulphate, immunohistochemically stained for Na’, K*-ATPase 3-1 antibody. Note the increased Na’, K™~
ATPase immunoreactivity in ducts of Bowman's gland, with the progress in recovery of olfactory epithelium in damaged with zinc
sulphate. Scale bars indicate 20 xm. :
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4
B

Photomicrographs of sections through olfactory epithelia in control rat (A), and damaged rat, 2 (B), 5 (C), 8 (D), 14 (E), 21 days
(F) after damaged with zinc sulphate, immunohistochemically stained for glucocorticoid receptor antibody. Note the increased

glucocorticoid receptor immunoreactivity in supporting cells, with the progress in recovery of olfactory epithelium in damaged with zinc
sulphate. Scale bars indicate 20 pm.

Fig. 9.
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Abstract

Although olfactory dysfunction has not been well recognized as a serious impairment of quality of life of the patients,
more and more- attentions are paid to this impairment because people wants better quality of life. It is often observed that
patients with hypersecretion of nasal mucous complaint decreased olfaction in clinical setting, not only inflammatory mucosal
swelling disturbs the air flow containing odor to reach the olfactory epithelium, but also the quality and quantity of the nasal
mucous might at least in part cause the olfactory dysfunction. Electrolyte concentration of the olfactory mucous is supposed to
be under a strict regulation, few mechanisms have been reported about the olfactory mucous electrolytes. This study was done
to elucidate the mechanism of regulation of olfactory mucous electrolytes. We studied the expression of Na*, K*-ATPase
immunoreactivity in the olfactory mucosa immunohistologically, and the expression of sodium-proton exchanger (NHE) was
estimated by the quantitative real time polymerase-chain reaction. Glucocorticoid receptor expression was also studied
immunohistologically, because steroids were reported to regulate the expression of Na*, K*-ATPase in the kidney, and the
salivary gland and steroids are one of very effective medicines in clinical olfactory dysfunction cases. In normal rats, strong
Na’, K'-ATPase immunoreactivity was observed in the ductal cells of Bowman’s gland and weak immunoreactivity was
observed the acinal cells of the gland and olfactry cells. With quantitative PCR method, among 5 isoforms we studied, NHE-|
mRNA was expressed at an significant amount in the olfactory epithlia. Glucocorticoid receptor immunoreactivity was
observed in the cytoplasm of the olfactory supporting cells that face nasal cavity and weak expression was observed
basolateral cytoplasm of the supporting cells. In the rat models of injured olfactory epithlia, the expression of Na*, K*-ATPase
and glucocorticoid receptor were well restored after the injury that was agreed with histological findings of olfactory epithelia
and also behavior observation of rat olfaction. These results strongly suggests Na*, K*-ATPase, NHE-1 and glucocorticoid
receptor might contribute to the regulation of elctrolytes concentration of the olfactory mucus.




