Effects of Serotonin on Olfaction
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Abbreviations :. Cx,. cerebral cortex; DBH, dopamine ‘B~hydr0xy‘lase; 5,6-DHT, 5,6-dihydroxytryptamine ;
5,7-DHT,. 5,7-dihydroxytryptamine ; EPL, external plexiform layer; GCL, grantle cell layer; GL, glomerular
layer; MCL, mitral cell layer; MFB, medial forebrain bundle; MRN, midbrain raphe nuclei; OB, olfactory
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FIAVVIIBEEDORCEREFED. Ty bESTFHT
<AV VDOEWIBICERY BT LOTIRWA, FF A
YVYDBRIIRRTF S vy RCT A LEYHLAORKE
IO aL . Ty VRAENF T <A v/ DR ER
TAHL, FORVWEEEL, TORIFSTA VDR GED
WERBTTH T =AY R BT S L AR,

2. FSI=AL VL EBEESTEE
EEEEREREE, TNTOTy MeFIF <1 v VIR L D%HF
STEBEBILoI.
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Wike Liz., 0BT v PAFTY—OR Iy PR 1ITEAR, K
BRDOA AN E 001% F5 <4 vV KBBD A - Ik
KEXRABCE 2. KEKDA - EKEE D%
“EfE” LL, AV VDALTHR KRR DB A Y
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W O RO B ETRBAELEVRITLT, 79 Pkl
EEAE LaSA TR W31 L. | BRAEO%20
BEWHHOBAREE E DT L, Gellermann RFNTHE - T
FHAKORW L A EhEhOBRKEONELE 2 /. 10ED
HGx 17—k L, “ER" ERATEHQ0E) THRLE
LOREMELE Lic, 7724 Y VORBREERIDETS
1o 7 — BT, EDFy b 3~ 7=V TEANIE
BEH 100% &Lz o7z.

0. MER(CHTBE0 b= BREEEBHHOER (K17
1.57-¥,~4 Fe$v ) 7231 v (57-dihydroxytryptam-
ine, 5,7-DHT) FEARE

5,7-DHT (Sigma, St Louis, USA) X+ r b =v=2—mr VD
MEETER b= Voo — e VICBIROCR DA hiiREE

Table 1. Experimental procedures

(1) Rats were subjected to removal of unilateral olfactory
bulb.

(2) Bulbectomized rats were trained to avoid 0.01%
cycloheximide (Naramycin) solution.

(3) Conditioned rats received two injections of 5, 7-dihyd-
roxytryptamine (5, 7-DHT, 4 or 8 ug in 4 4l) or vehicle
(4 ul of isotonic saline containing 0.1% ascorbic acid)
into the rostral (A: 2.0, L: 1.5, D: —8.0 mm) and
caudal (A: —2.0, L: 2.0, D: —85 mm) parts of the
medial forebrain bundle contralaterally to bulbectomy.

(4) Olfactory function was examined by the ability to
discriminate 0.01% cycloheximide solution from water
3, 7, 14, 21, and 28 days after injections of 5, 7-DHT
or vehicle.

(5) After completing the behavior task, all rats were
perfused with a fixative, and specimens including
olfactory epitheliums, olfactory bulbs and other brain
areas were taken for morphological analyses. The
evaluation of the degree of serotonin depletion in each
olfactory bulb was done immunohistochemically.

&
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BElD 2 7Bz 4pl 390 5,7-DHT (4~8ug/dul £EAHEK, 7
AaneVER lug/ul f0) R¥EA L. FEAX Hamilton <4 2
mv ) vy (10u B) 2BAWT lul/min DFEETEAL, AR
~ORECHEHBOBBRNBAG Y BNV THI 2L
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BEOZFBRACBITIHES v FOEREOFNY T » PHT
BLidORTEHERREE L. BROCIRENEELT v
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DRHEMRIL 50% WS Z Lwied. =4 v viLk
HPEETHER CREBELRET S Z L ORUEYENDD
1B, KO Y > FlEEBRYy IS I/toTc. SERIOEBREF—
&UETHENRSRYRER, 7 <1 ¥ ViC X A% CERERY
100% 12t o725 v b 3TEIZDOWT, HREMREKRERL B
it ote. MAIERBRELEY ST IhbD T » PEOWT
FMELROTRER, WEHI B 5280 F CORRMMLE
UCRHEREIL 50% Thotle. TOTELLFFTIA VY

Fig. 1. Simplified schematic diagram showing ascending
serotonergic pathways in rat brain. Olfactory bulb (OB)
receives massive serotonegic inputs through medial
forebrain bundle (MFB). Arrows indicate injection sites of
5,7-dihydroxytryptamine (5,7-DHT) or vehicle. Cx, cerebral
cortex ; MRN, midbrain raphe nuclei; St, striatum.

bulb; ONL, olfactory -nerve. layer; 0.3% PBST, phosphate-buffered saline with 0.3% Triton-X100; PGP9.5,
protein gene product 9.5; St, striatum ;-TH, tyrosine hydroxylase.




e

e

v b= vEEEREE 233

L ATHERIEEBEY NS LT HHEREERDH D b
DrEZBIK. HHANCEROMOEYR Sz, FHO
THFEROMT—TRES B O, Scheifée DB LK
e, p<00l xHEEEDHD L L.

V. BEER

1. BEE

288 EDFTHERYKT Liclk, #XTOFy bRV A
AE & — VKRR TICB LR ORI ERER L. Btk
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. BEIINS S D ERL, BEET A 320 R (WHR
0, s, BHR) wodie. Bl /3 oRRE=RvE
BEOFmy 7L L. PREEL/IORKEED ORI 2
B b — AR THEERT B DB X 20um OEFHRREDH 2 IER L
DT oS 2mRIc v ic. BRBLE—Hicis- R
BEIR=F LY PT § v 4 BB (ethylenediaminetetraacetic
acid, EDTA) TR, 7iAz—n ERRFPCTHAE - Z
T4 vARL, (28— AR TEENTEOEE 3um DY)
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2. MR L REBRE

RELRBERZTES VY - A F v -HEHEE (avidin biotin
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1) ek, Hif
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Bht, —RAGYERET-BRREE R, —RHAFELT
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FiF—s43 v_X—x 4 Fr$ L —* (dopamine B-hydroxy-
lase, DBH) #it& (1 : 5,000) (Eugene Tech), x4 »w v Ao
F =& L — & (tyrosine hydroxylase, TH) #if& (1: 5,000)
(Eugene Tech) #{FF L1z, —hkHisiz e+ F v {kr ¥ v+
¥ 1gG #ith (1: 200) (Vector, Burlingame, USA) % {8 LZiR
T IBERER . DWWt F v —EEBA LIV
7 ¥ »v (DAKO, Glostrup, Denmark, 1: 600) & 1 BERIGE
Bl BETCT v+ v (3,3-diaminobenzidine) B
1T T ~155HRIE L.
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HERIT- .

2) RER

RS54 VIR T T 4 v Uiz, 0.3% EELAFEM
A&7 =AM TIODREREE R+ 5 > 8 — EiFEERIRIEL
7z, 0.3%PBST 12 2 o7, 04% + V7w vieTl0sy
RAN{LAE A X fo. FSERMWRIEEIEE T 57 5% EX Y
FMEYISHBERE SR, — kAR T v TFA v -V
w &7 b 9.5 (protein gene product 9.5, PGP9.5) #i{& (1:
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BRI ER LR CHBER B 2 - 7o, B T2 PGP9.5 1
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T — THREE, HPEEET CHRROMELBRE L.

54 #®

[. RECHITZD 0 b= (K 2)
1. MEE (X 22)

Fig.2. Photomicrographs of coronal sections through olfactory bulbs showing serotonin-immunoreactive fibers in contiol case (a)
fmd in -neurotoxin injected case with anesmia (b). Note that serotonin-immunoreactivity in glomerular layer (GL) was absent
in b. EPL, external plexiform layer ; ONL, olfactory nerve layer. Bar in a indicates 100 gm for a and b.
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1. EeEE

EHERRY LD E, 3HIE 9T%E5%, 7 HIT 83%+22%
EHBBELEBE L TCHAEOERR D 1. 148
76%+21%, 21H 1% 59%+11%, 28H 1% 52% 9% THREE L
BFEOELRDERE ORIEL 7 7.

FHIERROHERY DT 5 &, BEBAE LR g
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DZy MIDOWTERROHBY 25 LHEEEIHL—F0
FRCBREZBCHBRL, 4035y NS X > THOHBRSEAR
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RIBFE L HNEALNCBEEDOAE XA LTV, BEROE
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Table 2. Correct responses of control, complete lesion and incomplete lesion groups

Correct resonses (mean £ SD, %)

Number of Preoperative Postoperative time (days)

rats used trial 7 14 21 28
Control 10 100+ 0 977 97+ 7 99+ 3 98+ 4 98+ 4
Complete lesion 11 100+ 0 97+ 5 83+22 T6+21* 59+11* 52+ 9*
Incomplete lesion 9 100+ 0 98+ 4 93+ 5 96T 90£ 7 94+ 7

*P<0.01 vs. control group by Scheffé’s multiple comparison test.

Table 3. Correct responses of group with complete lesion

Correct resonses (%)

Case Preoperative Postoperative time (days)

number  trial 3 7 14 21 28
1 100 90 80 90 60 60
2 100 100 90 100 50 40
3 100 100 100 100 80 50
4 100 90 90 100 60 70
5 100 100 50 80 50 50
8 100 100 100 50 50 50
7 100 100 100 50 50 40
8 100 90 50 50 60 50
9 100 100 50 60 60 50
10 100 100 100 70 80 50
11 100 100 100 90 50 60
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Fig.3. Correct responses in three groups of controls Fig. 4. Photomicrographs of coronal sections through
(O-0C1 N=10), complete lesions (A—A, N=I11), and olfactory bulbs in control (right) and lesioned (left) rats.
incomplete lesions (@—@®, N=9). Note that group with Note reduced size of olfactory bulb in lesioned anosmic rat
complete lesions show loss of ability of discrimination compared to size of olfactory bulb in control rat with
remarkably at 21-28 days after 5,7-DHT injections. Arrow normal olfaction. Dorsal (D) is up, medial (M) to the
indicates infusions of 5,7-DHT or vehicle. Statistically right. Nissl-stain. Bar indicates lmm.

significant values are featured by asterisks (p<<0.01).

{ Fig.5. Photomicrographs of coronal epon-embedded semithin sections through olfactory bulbs in control (a) and lesioned (b)
‘ rats. Note that normal bulbar structure with olfactory nerve, glomerular and external plexiform layers is well preserved in
control rat, while disappearance of olfactory nerve bundles and shrinkage of glomeruli are apparent in lesioned anosmic rat.
EPL, external plexiform layer; GCL, granule cell layer; GL, glomerular layer; MCL, mitral cell layer; ONL, olfactory nerve
layer. Toluidine blue stain. Bar in a indicates 100 ym for a and b.
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Fig.6. Photomicrographs of coronal sections through olfactory bulbs, immunohistochemically stained for dopamine B-hydroxylase
(DBH) in control (a) and lesioned (b) rats. No significant differences between control and lesioned bulbs can be seen in
DBH-immunoreactive axons in granule cell layer. Bar in a indicates 100 gm for a and b.

9 L

Fig.7. Photomicrographs of coronal sections through olfactory bulbs, immunohistochemically stained for tyrosine hydroxylase

(TH) in control (a) and lesioned (b) rats. Note numerous TH-immunoreactive neurons and axons in glomerular layer of control
bulb. Neuronal elements with TH immunoreactivity of lesioned bulb show marked decrease in rat with long-term. anosmia.
EPL, external plexiform layer; GL, glomerular layer ; ONL, olfactory nerve layer. Bar in a indicates 100 #m for a and b.
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AABELTW. ThboE{bics L THIBHER, Bt
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%t LT 57-DHT ZEAROK T3 PGPI5 Bk o BfEluIk
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RIRHERICBIT AR = V= o —r v ORIRED SR
DT IE19644F Dahlstrom 235 » FRRTHLAK L, 8%
bIFTWB?, e b=V .. —rvOMBETIRN, B, &
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Fig.8. Photomicrographs of coronal sections through olfactory epitheliums, immunohistochemically stained for protein gene
product 9.5 (PGP9.5) in control (a) and lesioned (b and c¢) rats. Olfactory epithelium of control rat contains several layers of
olfactory receptor cells with PGP9.5 immunoreactivity. Olfactory epitheliums of lesioned rats are atrophic with reduced or no
olfactory receptor cells with PGP9.5 immunoreactivity. Ax, axonal bundles with PGP9.5 immunoreactivity. Note the difference
in staining of immunoreactive axon bundles in a and b. Arrows in b and c¢ indicate olfactory vesicles with PGP9.5
immunoreactivity. Arrowheads in ¢ point to basal lamina of olfactory epithelium. Bar in a indicates 100 #m for a, b and c.
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MEBIC Y DR OMEY BIRHICEE L TEOWRERDE
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Baumgarten 23t r } = vOEEETHD 56-1 FaFv
MU S & 3 v (5,6-dihydroxytryptamine, 5,6-DHT) & 5,7-DHT
PHELEY. 2/ 7 I VEEETAIALOMERIZTVWTH
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BRivMamEER O 5,7-DHT 2BE~OHHEK TH 5 Rl
BB AEAT S &5 Fikr A, 57-DHT % PRIRTRE
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LR — A E) CHEROBSEE S L, WS ETERT
BOBREKA LR b= VRS BIROICHB R LACET, &
B b= VOEEBE~NDOMELINAERERTIE LT
DERbhs. SHLEBEENFTHIRLE, RRCEEOH
BEGRE A i - TWis\h e Zh b OB DT REBE 2
THHZEIKRERFIEATHS.

e b = VORECRETEEC O OWTERT LI T
FIIA VIR IBRETRHCLSNTE L. BYOBEDITE
FHRITIGOER L DRI bh TELNX™, REIHHET
Bot W EBEREEHBRTADOFRE2h K ER LK
Mwotz. Omura SIEPFRFAITHAEF T4 v vE LB WTER
HEEELHIDAMELLFELRELTE LY, $EZThI
WU TRETBHERYSIRol. 7771 ¥ VIIBEREDO—
FE Streptomyces naraensis BEET HMAEHFY T, BETD
BRAL LT -7 VPESRBO - FEEERTHEAIL
TED, BB+ =1 i B#T8FIMRo L Th
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Abstract

The functional role of serotonin in olfaction was studied in the rat. All rats received unilateral removal of the olfactory
bulb. They were initially trained to discriminate cycloheximide (Naramycin) solution from water by olfaction, and finally
aquired 100% correct responses to avoid Naramycin solution. To deplete serotonin in the olfactory bulb on the intact side,
these conditioned animals received injections of 5, 7-dihydroxytryptamine (5, 7-DHT), a specific neurotoxin for serotonin,
into the medial forebrain bundle contralaterally to the bulbectomy. Then the olfactory function was tested by the ability to
discriminate Naramycin solution from water 3, 7, 14, 21 and 28 days after 5, 7-DHT injections. After completing the
behavior task, all the rats were perfused with a fixative, and specimens including the olfactory epitheliums, the olfactory
bulbs and the adjacent forebrains were taken for morphological analyses. Immunohistochemistry for serotonin, dopamine
8 -hydroxylase, tyrosine hydroxylase and protein gene product 9.5 was done to evaluate the degree of serotonin depletion,
the specificity of 5, 7-DHT for monoamines and the visualization of olfactory receptor cells. Based on the degree of
serotonin depletion particularly at the bulbar glomeruli, the lesioned rats were divided into one group with complete lesions
and another group with incomplete lesions. The group with complele lesions showed anosmia progressively at 21-28 days
after 5, 7-DHT injections. Histological examination revealed severe atrophy of the olfactory bulb with disappearance of the
olfactory nerve bundles and shrinkage of the glomeruli. Olfactory receptor cells, which had been stained with the antibody to
protein gene product 9.5, were reduced or lost in parallel with the marked atrophy of the olfactory epithelium. No significant
differences were found between the control and incompletely lesioned groups in the olfactory ability as well as the
morphology. The results indicate that total depletion of serotonin in the olfactory bulb induces olfactory disturbance. This
may provide a basis to understanding the centrally regulated mechanism of olfaction by a specific neurotransmitter.
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