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Fig. 2. Schematic diagram of the ascending gustatory pathway
descending projections are not shown. Connections of the
rodent gustatory system within the CNS are shown by solid linesO
the projection from NST to VPMpc in primates is indicated by a
dashed line. NSTO nucleus of the solitary fract, PoN, parabr-
achial nuclei, VPMpcO venteroposteromedial nucleus (parvi
cellularis) of the thalamus, GNO gustatory neocortex, Al amyg-
dalam, HO hypothalamus, NAO nucleus ambiguus, RFO reficular
formation, V, VI, and XIIO trigeminal, facial, and hypoglossal
motor nuclei, VII, IX, and XO axons of peripheral gustatory fibers
in the facial, glossopharyngeal, and vagal cranial nerves.
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Fig. 1. Cell types in mammalian
faste buds. AO The faste bud is a
barrel-shaped structure containing
different cell types, including basal
cells, dark cells, and light cells. Th-
ese epithelial receptor cells make
synaptic contact with distal proce-
sses of cranial nerves VI, IX, or X,
whose cell bodies lie within the
cranial nerve ganglia. Microvilli of
the taste receptor cells project info
an opening in the epithelium, the
taste pore, where they make con-
tact with gustatory stimuli. BO The
characteristic spindle shape of ta-
ste receptor cells is revealed when
a subset of light cells is immunore-
acted to an antfibody against a—
b gustducin, a gustatory G protein.
C O When sectioned transversely,
light cells appear round in cross
section, as shown by a-gustducin
immunoreactivity (red), whereas
the characteristic shape of dark
cells produced by their thin cyto-
plasmic projections enveloping nei-
ghboring light cells is revealed with
an antibody against the H blood
group antigen (green).
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Fig. 3. Three-dimensional “taste space” showing similarities and
differences in the response patterns of PbN neurons elicited by
18 stimuli delivered to the hamster's anterior tongue. This space
was derived from multidimensional scaling of the across neuron
correlations among these stimuli recorded from neurons in the
PbN of the hamster (data shown in Fig. 24.6). Proximity within the
space represents similar population responses, whereas distan-
ce represents dissimilar patterns of evoked activity. Four groups
of stimuli are indicated by different symbols (sweet stimuli, red
circlesd sodium salts, green squaresl] nonsodium salts and acids,
blue circlesO bitter stimuli, yellow squares). Modified from Smith et
al. (1983b), with permission of the American Physiological Society.
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Fig. 4. Expression of the p-opioid receptor is restricted fo fibers
within the NST and to entering afferent fibers of the Vllith, IXth
and Xth cranial nerves. This series of photomicrographs shows p-
opioid expression in the caudal (fop), middle, and rostral (bot-
tom) levels of the NST (left column) and the marginal subnu-
cleus of the trigeminal (right column). Labeling of afferent fibers
of the IXth nerve is evident in both of the bottom panels, as well
as within the marginal subnucleus in the more caudal sections.

ofold

0000 OO 00O 0 0 00, glutamatell 000 OO
000 NSTO OO OO0 O0oob ooboooo od
00 00 ooo ooo oooo.

NSTO 00O OO0 O0O0O0 substance PO OO OOO
0 opioidd met—enkephalin®0 00 COOO. OO
00000 0DO0o0d sP-0O enkephalin—0O00 OOOO
0 NSTO 00O 00O OO 0000 OO oo oo go
0000 00 0 0bd oood oo oogodrig. 4).

O U

00 00000 Oooo0 00 ooooo ooodg o
0,00,00,00 OO O OO0 OO0 OOO OO
0O0.0 000 00 00000 000 ooooo oo
0000 00 OO0 OO0 NSTO D000 OO0 PbN,
00, 00 0000 OoOoO. 00 ooo OO ooo
00 doO(ventral forebrain) OO0O0O OO0OO OO
0 000 0000 0000 ooo 0oo.00o0o00 o
0 000 000 0000 oo, 00000 OO0 oo
00 Oo0Oo0o oooo. oooo oo oo, oo, o
000 OO OO0 OD00O0. 00 OoooO 0O oo oo
0 00 000000 0000, 00 oooo 0o oo
00 0000.00 000 000 00000 OO0 oo
00 000 00 00 OO0 0000 OO0 O O oo
0 0000000 0 00 000 oooo ooo, oo
0000 0000 00 000 00 oooooo ooo
0000 00.00 OO0 0000 oooo ooo o
00 OO0 000 0O0. 000 000 ooo ooo
0000 00O 00O 00 000 000 0ooog ooo
00 0000 000 oooo ooooo oo.

000 00 00O OO0 000" 00 oo (Taste en-
gineering)"00 OO OO0 OO OO0 O OO OOO O
ooo O0. 00 OO0, 00000 Oooo ooo o o
0 OO0 000 00,000 000 000 000 oo
00 00,00 00 00 OO0 000 O 00,00 O
00 000 00 00 000 0000 000 oo oo
O(salt enhancer) OO, OO0 OOO0O0O ODOOO OOO
00 00 0 000 000000 oooo ogog o
0 0000 000 00O 00 000 ooog o o
000 0oo ooo od.

REFERENCES
1) Hadley K, Orlandi RR, Fong KJ. Basic anatomy and physiology of

1079



o[zt ¢lge] 3¢

olfaction and taste. Otolaryngol Clin North Am 2004;37:1115-26.

Smith DV, Shepherd GM. Chemical senses: Taste and olfaction. In:

McConnell SK, Roberts JL, Spitzer NC, Zigmond M, Squire LR, Bloom

FE, editors. Fundamental neuroscience. 2nd ed. San Diego: Elsevier

science;2003. p.631-66.

Adler E, Hoon MA, Mueller KL, Chandrashekar J, Ryba NJ, Zuker

CS. 4 novel family of mammalian taste receptors. Cell 2000;100:

693-702.

Smith DV. Taste and smell dysfunction. In: paparella MM, Shumrick

DA, Gluckman JL, Meyerhoff WL, editors. Otolaryngology. 3rd ed.

Philadelphia: WB Saunders Co; 1991 .p.1911-34.

5) Oakley B. Altered temperature and taste responses from cross-rege-
nerated sensory nerves in the rat’s tongue. J Physiol 1967, 188:353-71.

6) Smith DV, Som J, Boughter JD Jr, St John SJ, Yu C, Christy RC. Cell-
ular expression of alpha-gustducin and the A blood group antigen in
rat fungiform taste buds cross-reinnervated by the IXth nerve. J Comp
Neurol 1999:409:118-30.

7) Grill HJ, Norgren R. The taste reactivity test. I. Mimetic responses to
gustatory stimuli in neurologically normal rats. Brain Res 1978143
263-79.

8) Cho YK, Li CS, Smith DV. Gustatory projections from the nucleus of
the solitary tract to the parabrachial nuclei in the hamster. Chem
Senses 2002;27:81-90.

9) Kawamura Y, Kare MR. Umami: A basic taste. New York: Marcel
Dekker;1987. p.365-85.

10) Smith DV, John SJ, Boughter JD. Neuronal cell types and taste qu-
ality coding. Physiol Behav 2000;69:77-85.

11) Scott TR, Plata-Salaman CR. Taste in the monkey cortex. Physiol
Behav 1999:67:489-511.

12) Pfaffimann C. Gustatory nerve impulses in rat, cat and rabbit. J Neu-
rophysiol 1955, 18:429-40.

13) Nowlis GH, Frank ME, Pfaffmann C. Specificity of acquired aver-
sions to taste qualities in hamsters and rats. J Comp Physiol Psychol
1980,94:932-42.

14) Smith DV, Van Buskirk RL, Travers JB, Bieber SL. Gustatory neuron

2

=

3

g

4

z

1080

types in hamster brain stem. J Neurophysiol 1983;50:522-40.

15) Smith DV, St John SJ. Neural coding of gustatory information. Curr
Opin Neurobiol 1999,9:427-35.

16) Erickson RP. Stimulus coding in topographic and nontopographic
afferent modalities: On the significance of the activity of individual
sensory neurons. Psychol Rev 1968;75:447-65.

17) Smith DV, Li CS, Cho YK. Forebrain Modulation of Brainstem Gu-
statory Processing. Chem Senses 2005,30 (suppl_1):i176-7.

18) Cho YK, Li CS, Smith DV. Descending influences from the lateral
hypothalamus and amygdala converge onto medullary taste neurons.
Chem Senses 2003:28:155-71.

19) Li CS, Cho YK, Smith DV. Taste responses of neurons in the hamster
solitary nucleus are modulated by the central nucleus of the amyg-
dala. J Neurophysiol 2002;88:2979-92.

20) Cho YK, Li CS, Smith DV. Taste responses of neurons of the hamster
solitary nucleus are enhanced by lateral hypothalamic stimulation. J
Neurophysiol 2002;87:1981-92.

21) Smith DV, Ye MK, Li CS. Medullary taste responses are modulated
by the bed nucleus of the stria terminalis. Chem Senses 2005,30:
421-34.

22) Smith DV, Li CS, Davis BJ. Excitatory and inhibitory modulation of
taste responses in the hamster brainstem. Ann N 'Y Acad Sci 1998;855:
450-6.

23) Bradley RM, King MS, Wang L, Shu X. Neurotransmitter and neuro-
modulator activity in the gustatory zone of the nucleus tractus solita-
rius. Chem Senses 1996,21:377-85.

24) Smith DV, Li CS. GABA-mediated corticofugal inhibition of taste-
responsive neurons in the nucleus of the solitary tract. Brain Res 2000,
858:408-15.

25) Chaudhari N, Landin AM, Roper SD. A metabotropic glutamate re-
ceptor variant functions as a taste receptor. Nat Neurosci 2000;3:1
13-9.

26) Li CS, Davis BJ, Smith DV. Opioid modulation of taste responses in
the nucleus of the solitary tract. Brain Res 2003,965:21-34.

Korean J Otolaryngol 2005:48:1074-80



