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Ultrastructure of Degenerating Axon Terminals in the
Basal Forebrain Nuclei of the Rat following Prefrontal Decortication
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ABSTRACT

Prefrontal cortex iz a peychological and metaphysical cortesy, which deals with feeling, memory, planning,
attention, personality, etc. And it also integrates above mentioned ewvents with motor control and locomaotor
activities. Prefrontal cortex worles ag a highest CNS center, since the above mentioned functions are very
important for one’s successfinl life, and further more they are upgraded every moments through memory and
learning. Many of these highest functions are supposed to be generated via forebrain basal miclel (caudate
micleus, fundus striati muclens, acenmbens septi nmiclensy septal nucleus, ete.).

In thig experiment, prefrontal efferent terminals within basal forebrain maclei were ultrastracturally studied.
Spraque Dawley ratz, weighing 250300 g each, were anesthetized and their heads were fined on the
stereotaxic apparatuz (experimental model, David Kopf Co.).

Rats were incized their zcalp, perforated a 3mm wide hole on the right side of gloall at the 11mm anterior
point from the frontal O point (Ref. 13, Fig. 1) suctioned out the prefrontal cortex ineluding cortex of the
frontal pole, with suction ingrrament.

Two days following the operations, small tizaue blocks of basal forebrain miclei were punched out, fixed in
1% glataraldehyde 1% paraformaldehyde solution followed by 2% osminm tetroxide solutions. Ultrathin
gections were stained with 1% borax toluidin blae solution, and the stained sections were obaerbed with an
electron microscope.

Degenerating axon terminals were found within all the basal forbrain nuclel, Numberz of degenerated
terminals were largest in the candate nucleus, next in order, in the fundus striati nucleus, in the accumbens
gepti micleng, and the least in the septal nucleus,

Only axospinous terminals were degenerated within the candate nuelens and the fundns striati muclens, and

they showed the characters of striatal motor control system. Awodendritic and axospinous terminals were

*Corraspondenoes should be addrsssed to Dr E-Tay Ahn, Department of Anatomny, Collsgs of Medicine, Soonchunhyang University, Cheonan, 230-
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dagenerated within the accumbens septi nuelens and the lateral septal nicleus, and they showed the charactars

of vizeeral limbic systern.

Prefrontal role in integrating the limbic system with the striatal systemn, en route baszal forebrain nuclei, was

dizenazed.
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WA 22 UH (Conrad & Plaff, 1976), A9 &4
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5 727 e $4 Aok 4AAT 554
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21471 &4 Well-Beingo|gt= 7lge] 713k
2 4 89 b B3 s, Folokd e
well-being ## =27 dentzm 4o Davidson
(2004)8] A7z A S2zre Al =telrt A
L =An, o 29 JhEdadz ZHAERY (affective
type)e] 7F Fagtd 53] FAH Y bt 4
WA7E e Aol of" AR AF ouigty
2] o] w3, HM=e] Ao H&H oM, ¥AH
deluf =2 de] FEHee Heo 2 2
#F FEE TEY HopA T dEFAAl Hald] o
e e =t wobalehn T

ohE 3t WMoy Yol RUSTIE FEES
opep B, BAF B #3 dut 7EE FUElY
s, vl Aelste 2oheRal speedball (25}
AebH B A W3 ARz 2HGH ] &
Aledas sl (Hemby et al, 1999), SF7kele] ==l
HRHE HA st FAE abellM A=xgh =59
= (extracellular dopamine level)& B+ 1 545
HE Feole Aoz duiziod fFHHcR =aHlE
7 g FEAEY AR =27klE FeE=
2AGHY =Ryl FolAe A TR
w ZFRle] FHYE o] o KA diz
bt e Ad= w3 g (Budygin st al, 2002). &

2 9L 24 B (core) 3 FHEE (shell)
o2 opped, A7 d3s 7] o ez 37
H7l "2 =AY AT F2ddE AHE o
FEE AL FAFNE F3I= ¢l (Brundege &
Williams, 2002). Amphetamine T2 &L F74d
#F BAE Aete 2AGY AAAEY HIs #
ke, e E g eEEad 3] 54
= AAAE My oA FHGHY FHTY

]|
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=

4 ¢lx 277 AM £ (medium spiny cell)&e] 717 =
71E el X JIRAEIIAIER Rl F7H13
o} {Roitman etal,, 2002), 3¢l ) <k (incentive)
< 5 2 BAk H3 A2 EgE =7
FTHYH Y A7t SeltAd, A et &7}
A abd Wz T2 fA4be] dofifz] gkec) (Knutson et
al, 2001), #ebe gt 71498 APEF AT ofd
Az doty GFo] AAZ AMHEAT FHEI
uhsi | A gkgkont AlAM 29 AYEF 27 A
24995 H=b} 2323 FAA g 5AF 9 7
i g gt mEcw WHEEHE HoR F3
=} (Goto & O'Donnell, 2001).

ofl A A FHYHA AL WA FE +7F
e, olutdg S AATE | Jed EHE FE
AtEE P o] ghe] AAFHG7] @ BAA =2
#Z 2= (topographic distribution)2 Re} WHAAE
2729 4=AAo] Y Foldleld EIYAAE(E

A

Jj

A S Al Anc 298 AAF
T2} 47 A2 Aoz AL 254 B0
 2IAEE O F S4FET Y8 99, 3
A B eI e A
AZ%e B4R o5 WA FY AAEHE 2

ole Aoz A=

oletg @AM 2HGH o2 AAZL(E4
A EA AT S4FAEAE) 0] sldhe AL, =
Hp2Fql ou|gAd el 2HGE Y BAL 7, 4F
=5, depddd 3 nAe AL nEay A4
=, Z1E2E 9 (septal nucleus)s] T A2 24
el 2l 3ho| Lgpd] SArAEIAFH S4f7t
Al e] FHAgon, 9i] olFe] JyHoer F2
WA 57294 o4 4 slgich

ZHYT &7 BB R WEst g
u 2AHHE EAAFEA F A amphstamined &
A5t 2AGHE AT g (hyperac-
tivity)& ©& 721710, ol 288 2594
d FleH sz AFEEE B3 (Carey, 1982), &
7] AT (VIA)Y] =i Ee geeigez
Serba 2AHE 22 GABAM EH| A7,
¢|E GABAMEEL 72 dots] x| A3

o FAAEE @Al FEHEA opEEA A

2844 g F 230 =40 E-F49
GABAM Z-F49 2 ]EE A2 Az =
7te] =aEidlz- 2 GABAM x-SrA I
- ZA L T obA] A2E FEA S0 (VTA)
7h A AdR S A e A gede 7 A
28 22 ?} FHAF sled dsFAgA ot
4 ¢|z2x 2 ubi A Z (septohippocampal path-
way)’ o, U]— ol EuFgs (£9 2 nucleus basalis of
Meynert, substantia innominata)e]| 4 AR HeZ
HFAE wPAE AN A Z (hasalo—cortical pathway)’ ¢
o, o] &2 7|Fe]l &4EHW dxstew FAWF
(Alzheimer type dementia)s] 22l Aoz Yz
63A) oV AT 4 o] dzstolr] Arke g
9e 7oz &, T4 FYLL o Pulul
49 UL A3 Faddn ¥ 4 49
(Onteniente et al,, 1987), 7I=2A 2 sjotd 7 o
2 A38S Avl A =32 (Papezs circuit)2] H2L
ZzH WA 52 A 2E |75 dd # of
Wet dRFEe EeAYes d3ddd S ok
F1EeA -2 A Y AAF 2} £33 (Takab
& Leranth, 1990}, ] A soteis 7lz244
o7 Foloy I S4TMAAA R EEsieA,
ZA setet AZA olupggels B2 22

-4 AR A o] ozF Ao|7b slddch

oz o d7E B4 2H sot-rlEeA -
dEFHE -tz o]« AlA=ZS} 5l o™ (Leranth
& Frotscher, 1989; Yamano & Luiten, 1989), =4 ={ o}
Z {septohippocampal pathway)s] FAHAFHL ~e
A2 & o $HFR Ho=2 ¥ (Finke-
lstein & Hod, 1989). =opfie] 2@ sz B8
dRHH dFdAe HA=H2A0A B AEF
TE FAALA AT G 0, Sor2e
APFL S EAGHL IFAA Az o 93
2L Radof(Fontstal, 1997).

o|obelAd A (prefrontal cortex)2 =722 25
B dZEAgeA A AR 2E A, T%,
A1, Qele] Ane 939 AnaReld 54 4
2 WaASA Sk ¥2el wo AR
2 dd2 A, dEoIotgRA L glutamatert
aspartate® A EEAZ 3] 2HGEH A TR
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2 AFR T (Christie et al,, 1985). Fzkx4) 4 2]2k=
=37 A7 2 22k 27417 2. (mesocortical path)
24 olubghde]| o] & &+ FHYGHoE Slxe OF
2 =il APA S YA FH 22 esiA T, 230
24 Z. (mesozeptal path) & F&ja] ezt =49 A
ARy AN 2o A Ao 2 Zhgah
o & Frbu-cetgEA-2A g AAE e St
H-2A-2A99NAR e 2 T4 AR
R N E A b b P B e B A R Bl
ZFg-2 vJEPAT (Louilot st al,, 1989),

dE o|slgRLS 2 wolFAG &
S g4 8o AREAS YR, A4
Holg FU F F A2 Helg FH FF HA ko
v F wlAe] OE HelEd 39 vlwH F Hed, o
o =sjqle] whEmeh £ i F), F717], F
(incentive}F o] <|otydRA 249 =79}
23 =3y Boe| Tt ol (Ahn & Phillips,
1999),

oebdd S IFARE JHAF wel HEsie A,
B, g AL AL B9 FEd T 33
Hze deRae 32 2ALNESE g2 ARE
wEsfed 53 AN BE, A, 247, 20y
FAFEESG A2 Aoz WA ER 2z &
e A A2 2 TS Fest TR A A
2z zAsw A s AgE -Fod 3 (Groene-
wegen et al, 1999). o|ulebd@AL Hotefs] dZ&
A F5 oS S (FEA) T ZA =
EISt (working memory), Bx] F9H AEont =24
o HE FoEE gsteln Holsie] odghA] A4
AFmeza AE 24FH ZFAEREE (active working

emotional ‘setz’) 2 FH A sty SAdHEL 2

£

A3t} (cognitive —emotional control of behavior), &
AyEAAns A A FART ¢ R 4
A et HEste A olo (Wall & Messier,
2001).

Chiba et al. 2001)EL Hels] AAZE =P F]
FAET F oubgg S FARE, meE, Ak A
S, B, FOUSTRFA I B Ad 2
Hw, 248, FAY A4EA, FHA, 270 5T
o AN F AT 2 SE=y d3e R

Hor, ol HAAES £2EAFY 7 FF
M7l Fo3t 9FS FHErHE A3 ey 2
Astgdct. ChibaEe] WpelF o483 gty 3l
HE o4t ¥ g A wwsiw oluheige
A mefdez g ARy »e AL A2 dFAE
et ChibaB2 fl5e]e] 2HYH L SHF2 (core)
 FEyEshel) o2 Prgded, A ASE
o] APt v|me SRR dA 2 A
dAs FHRE-L RMFuEE dded 2
Chibat EFHAntde G =347 A o]
o, o] FlFez 2Asdd & Ayl HalFTo
AA A Aol v ety A= 712
He]z B9 o|ufgdEAL YuntEEELA 417
HAZE4] 93] (threshold) & FHele Aoz o
HEAA A BE FHAA Az "ot 3F
e E AlFEsta A2 2 (self-regulate) 7%
< 9k Ele B4 oo (Zaborazky, 2002).

Davidson (2004)2 28l Z<t EEGE o|upgL& AT
& S, el g ARTFEE B oo
% sholg welme goze) AR 7 AYTE)
FAARHRAA A7} 52 G& oA (doing i
affective processing) ™% o] AF3 A=t v 7kz
et

oWl Ay At oletgd @A S AAAFH wel g
UGN, A e, 2499, 249 o2 W
HE3E] 847t Zelrb sldem, oo 22 Fst
oo ez A7 A9 R uER dH 2 Y
Zlstedet.

olatgRAAe] ] i ESE B4 Ay 2E
AZde 752 #FE 24 @A =2d3ige
e 2HT o, ooy R =] S4EH uE &)
o2 AAZI HEH T wekA A4, 7Y, B 2
5, A4 5 AY 2E Bobd oJ3E AN, AR
e AEEE AA, AATE T 2408 A
| Aoz At

=184
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FIGURE LEGENDS

Each zcale bar indicates 1 pm, and all of the figures are from the rat’s forebrain nuclei, 2 days following prefrontal decortications.

Fg, 1a, Newropil of a lateral septal macleus shows enlarged or swelled cytoplasmic territories of astroglial cells (A). Arrow indicates
the astroglial cytoplasmic flow between andfor around altering axon terminals (T). Their counterparts, dendrites (D0 or
dendritic spines (3) looks intact,

Fg, 1b, Newropil of a candate maclens shows a longitadinally sectioned darkly degenerating axon (3 and it’s axon terminal &), It°s
courtterpart dendritic spine (3) iz still intact and asymmetrically synapsed to the degenerated axon terminal, Large astroglial
cell {A) around a capillary (C), 12 enormonsly activated and its cytoplasm is shown to contain plentifill mitochondria, zome
endoplasmic reticula, glycozen particles, ete, Arrows indicate the astroglial attaclking towards degenerating elements.

Fg. 2, Neuropil of a candate racleus shows mamnerous degenerating axon terminals (), which are still synapsed with intact dendritic

apines (=), Dendritic spine usually containg spine apparatus (sa), and spine apparatis iz sometimes protracted into the dendrite
(D, through enlarged stallc (bidirectional open arrows) of dendritic spine, Large axon terminals capped over dendritic spines
are cutted and seen ag a slender boundaries (arrow heads) around the dendritic spines. Bpanded astroglial cells (4) with it"s
infiltrating branches between altering structures (arrows), cross—gectioned degenerating ason (#), degenerating myelinated
atonex), and multivesicular bodies (asterisl) are sean,

Fg. 3. Neuropil of a fundus striati nacleus shows many degenerating axon terminals (t) which are synapsing on the dendritic spines
(%), On a single apine (3), both of the one intact term inal () (thick arow toward T) and a degenerating terminal are synapsed
together, which are supposed to come from different nuclel, Mote degenerating terminals capped over the dendritic spine
{arrow heads), spine apparatis (sa), cross—sectioned degenerating axons (%), expanded astroglial cells (4) and their extending
cytoplasmic process (arrows) infiltrating among degenerating elements, protracting spine apparatis into dendrite (O through
the stall (bidirectional arrows) of the spine.

Fg. 4. Newropil of an accurmnbens septi nuclens shows a few degenerating terminals (t), degenerating axon (), altering term inal (at)
synapsed with a spine (=), astroglial (&) extenzions (arrows), en passant axon terminal (asterisl) symapsed on the dendritic
apine () and the passing by varicous aron (bidirectional arrows),

Fg. 5. Newropil of a lateral septal nucleus shows a few degenerating terminals (1) synapsing on the dendritic spine {2, enlarged
astroglial cytoplasm (A) and itz extending processes (arrows) among altering elements. Note astroglial cytoplasm attacking
aynaptic cleft (arow heads) of altering axon terminal, an axosomatic term inal (asterisl) synapsed with a cell body (cb), and
an intact dendrite (T,
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