Development of the Olfactory System
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Fig.1. Olfactory epitheliums in different developmental stages.

Adult. The olfactory epithelium decreased in thickness.
cell. Toluidine blue stain. Bar=50 um.
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(A) Embryonic day 19. Olfactory vesicles can be seen at the
free surface. The nuclei of the supporting cells (SC) are regularly situated in a single row at the most superficial zone of the
olfactory epithelium. M, mitotic figure near the basal layer. (B) Postnatal day 0. Note the increased thickness of the olfactory
epithelium. C, capillary invading the epithelium. (C) Postnatal day 10. The olfactory epithelium with 12 cell layers greatly
increased in thickness, up to 100 #m. M, mitotic figure in the superficial zone of the epithelium. OV, olfactory vesicle. D)

Compare to the epitheliums (A-C) in developing stages. BC, basal
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Fig.2. Thickness of the olfactory epithelium in each
developmental stage. Values are expressed as meanzt
S.D.. El9, embryonic day 19; PO, postnatal day 0; P10,
postnatal day 10.
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Fig. 3. Number of cell layers of the olfactory epithelium in
each developmental stage. Bl , mean number of cell
layers; [], range of number of cell layers. E19, embryon-
ic day 19; PO, postnatal day 0; P10, postnatal day 10.
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Fig.5. Percentage of receptor cell labeling (number of
labeled receptor cells/total number of receptor cells) in
each developmental stage. Values are expressed as
mean+S.D.. P3, postnatal day 3; P10, postnatal day 10.
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Fig.4. Labeling of olfactory receptor cells in different
developmental stages. (A) Postnatal day 3. Fluoro-Gold
was injected into the olfactory bulb on postnatal day 1.
Labeled cells (1-2 cell layers) are restricted to the superfi-
cial zone of receptor cell layer. The double-arrow
indicates a zone of unlabeled cells. D, labeled dendrite of
receptor cell. (B) Postnatal day 10. Fluoro-Gold was
injected into the olfactory bulb on postnatal day 8.
Labeled cells (2-4 cell layers) can be seen in the superfici-
al zone of receptor cell layer. The double-arrow indicates
a zone of unlabeled cells. D, labeled dendrite of receptor
cell. (C) Adult. Note the numerous labeling of entire
receptor cell layer. AX, labeled axon; D, labeled dendrites
of receptor cell. Bar=50 um.
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Fig.6. Olfactory epitheliums (postnatal day 8) after bulbe-
ctomy. Ablation of right olfactory bulb was made on
postnatal day 1. (A) Right epithelium (R) slightly decreas-
ed in thickness compared with left epithelium (L). #* and
*x in A-C show the same blood vessels. NS, nasal
septum, (B, C) Photomicrographs of right (B) and left (C)
epitheliums at higher magnification shown in A. H. E.
stain. Bar=50 um.
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Fig.7. Olfactory epitheliums after rihgt bulbectomy in
adult. (A) Right epithelium (R) markedly decreased in
thickness compared with left epithelium (L). * and ** in
A-C show the same blood vessels. NS, nasal septum. (B,
C) Photomicrographs of right (R) and left (L) epitheliums
at higher magnification shown in A. Notice sever loss of
receptor cells on the lesion side. BC, basal cell; SC,
supporting cell. H. E. stain. Bar=50 um.
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Fig.8. Olfactory bulbs in different developmental stages.

(A) Embryonic day 19. Thin glomerular layer (GL) can be seen

between olfactory nerve layer and external plexiform layer. (B) Postnatal day 0. Glomerular layer (GL) increased in thickness.
Note the appearance of periglomerular cells (PG). (C) Postnatal day 10. Glomeluri (GL) become circular in shape. Note the

increased number of periglomerular cells (PG). (D) Aduit.

Well-developed glomerular layer (GL). EPL, external plexiform

layer ; MCL, mitral cell layer ; ONL, olfactory nerve layer. Toluidine blue stain. Bar=25 um.
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Fig.9. (A-D) Electron micrographs of glomerular layer in different developmental stages. (A) Embryonic day 19. (B) Postnatal
day 0. (C) Postnatal day 10. (D) Adult. Arrowheads indicate synaptic contacts. Density of synaptic contacts and synaptic

vesicles increased during development. Synaptic contacts are of the asymmetric type. Note the dark apperance of axon
terminals in adult. Bar=1 gm.
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Fig. 10. Percentage of synaptic density in the olfactory bulb
(O—CD) and in the pyriform cortex (A—A) during
development. Values in adult are regarded as 100%.
El9, embryonic day 19; PO, postnatal day 0; P10,
postnatal day 10.
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Fig.11. Pyriform cortices in different developmental stages.

times thicker than that of postnatal day 0. (D) Adult.

(A)
recumbent S in shape. Thin layer I can be seen between lateral olfactory tract and pyramidal cell layer. (B) Postnatal day 0.
Layer I increased in thickness. (C) Postnatal day 10. Layer I shows marked progress in development. This layer is nearly two

Note a fairly developed layer I

LOT, lateral olfactory tract. Toluidine blue stain. Bar=25 um.
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Embryonic day 19. Pyramidal cells (layer 1) assume a

I, layer 1; I, layer I ; I, layer II;
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Fig. 12. (A-D) Electron micrographs of pyriform cortex (layer I) in different developmental stages. (A) Embryonic day 19. (B)
Postnatal day 0. (C) Postnatal day 10. (D) Adult. Arrowheads indicate synaptic contacts. Note the increased density of
synaptic contacts and synaptic vesicles during development. Dendritic spines can be found at postnatal day 10 with marked
increase toward an adult stage. Both symmetric and asymmetric synaptic contacts can be seen at embryonic and early
postnatal stages (A-C). In contrast, synaptic contacts are mostly of the asymmetrical type in adult (D). Bar=1 gm.
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Fig. 13. Lateral olfactory tracts (LOT) in different develop-
mental stages. (A) Postnatal day 10. Myelinated axons
(arrows) are found among glial cells. (B) Postnatal day
21. Lateral olfactory tract is occupied by many myelinated
axons. (C) Adult. Note the numerous myelinated axons
forming bundles. Toluidine blue stain. Bar=50 zm.



5y PRERORE 165

IO N TREWZ LS I DOERTH - . KR B EEROERSEIZOWTIE Smart® 3w v ATHELLR
DR EEBLT, EROEXCIRAIAE OB DLE(L & FHMIC ELTwA. Thit XL, EFRM(118) CRERSEHITE
EALRRREMC DI, BEOBREEVEVY Z & EAEERERWALN, BEE ELWHAFHEUNRINALE
B LTI ORE LIEML TV 2. AN EERRE~EBTL, BB TREERRECR

Fig. 14. (A-D) Electron micrographs of lateral olfactory tract in different developmental stages. (A) Postnatal day 5. All axons
have no myelin. (B) Postnatal day 10. Degree of myelination varies remarkably from less-developed axons (arrows) to a
well-developed one (M). (C) Postnatal day 21. Density of myelinated axons increased, but myelins are thiner than those in
adult. (D) Adult. Note the numerous fully-developed myelinated axons. Bar=2 pm.
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Fig. 15. Percentage of density of myelinated axons in lateral
olfactory tract during development. Value in adult is
regarded as 100%. P5, postnatal day 5; P10, postnatal
day 10; P21, postnatal day 21.
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Abstract

Development of the rat olfactory nervous system was studied at each processing level of olfaction, namely the olfactory
epithelium, olfactory bulb, lateral olfactory tract and primary olfactory cortex (pyriform cortex). As a developmental index
of the olfactory epithelium, quantification was based on thickness and the number of cell layers of the epithelium. Mean
epithelial thickness in different stages was 84 zm on embryonic day 19 (E19), 94 #m on postnatal day 0 (PO), 98 xm on
postnatal day 10 (P10) and 57 zm in adult. The average number of cell layers was 7 (E19), 8 (PO), 10 (P10) and 7 (adult).
Thus, the olfactory epithelium progressively increased in thickness between PO-P10, and later decreased in thickness as well
as in number of cell layers toward the adult stage. To clarify the number of mature receptor cells with their axons connecting
with the olfactory bulb, the percentage of receptor cell labeling (number of labeled cells/total number of receptor cells) was
estimated in different developmental stages with the aid of a retrograde fluorescent tracer injected into the olfactory bulb. As
a result, their percentages were 34% (postnatal day 3), 50% (P10) and 78% (adult). These values were quite consistent with
those taken by the degeneration method by bulbectomy. As a developmental index of the central olfactory system in the
brain, quantitative studies were done on the synaptic density in the olfactory bulb (glomerular layer) and pyriform cortex
(layer I, and also on the density of myelinated axons in the lateral olfactory tract. Given each value in the adult stage to be
100%, percentages of synaptic density in the glomerular layer and layer I were 6% and 5% (E19), 16% and 13% (PO), and
57% and 37% (P10). Similarly, the percentage of density of myelinated axons in the lateral olfactory tract was 0% (postnatal
day 5), 15% (P10) and 74% (postnatal day 21). These results show that the neonatal olfactory epithelium consists of consid-
erable amounts of immature receptor cells which do not send their axons to the olfactory bulb and that synaptogenesis in the
olfactory bulb is followed by that in the pyriform cortex.



