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ABSTRACT

The substantia nigra of the Mongolian gerbil was studies by tyrosine hydroxylase
immunohistochemistry and immunoelectron microscopy with preembedding method, The
purpose was to obtain information on the distribution and ultrastructure of the Tyrosine
hydroxylase immunoreactive and dopaminergic neurons in the substantia nigra, in ordef to
provide the necessary background for the gerbil.

Large number of tyrosine hydroxylase immunoreactive neurons were located in the
compact part of substantia nigra, Findings in the gerbil, compared to observations in the
other species, included the presence of prominent bundles of tyrosine hydroxylase
immunoreactive cytoplasmic processes passing in the dorsoventral direction from pars
compacta into pars reticulata at middle and caudal levels of the substantia nigra, and the
presence of a distinct tyrosine hydroxylase immunoreactive substantia nigra pars lateralis.
Tyrosine hydroxylase immunoreactive neurons had well-developed cell organelles,
especially rough endoplasmic reticulum, free ribosome and poly-ribosome, and showed the
infoldings of the nuclear envelope.

We anticipate that the present description of the cellular organization of the tyrosine
hydroxylase immunoreactive dopaminergic area in the substantia nigra of gerbil will be

useful for the animal experimental model of Parkinson’s disease.
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M B

Z4 A (substantia nigra)2 FddM HHAH
2 (crus cerebri)®] 5Z9¢|, 5% (midbrain teg-
mentum) &} wFel #1231, Fxj9| LolE uwel ¥
o] oot o FAAL o Fs} PAFME EAT P
ol A, FEF ¥ ZHeIME §U¢2=2 AL FEE
A5k R85, 53] ABgM s ddEE s AlA
Holt} (Parent, 1986). AL AHME7} =9,
AMANE7L §2 AYHRE (compact part; SNec)3}
A xe] 7} a¥= A2 2EHE (reticular part;
SNr) ¥ 7}ZH-E (lateral part; SN 22 FEIH},

F¥dA &P FH+ monoamined] F FoJA =R
- FE2 FAAY AUFEd wEF 9T (ventral
tegmental area; VTA)M =7} vf$ =3 117
o ofm|xAtez FAEe] 9lv}(Chen, 1993). 13
o E5Ele] iy A £5Y EE xdse
971449 (Parkinson’s disease)& -3t} (Mars-
den, 1983), & &AW 259 (bradykne-
sia), $+%%%% (akinesia), %747 (muscular
rigidity), FA)AA (resting tremor) ¥ AR ¥lALA
% (impairment of postural reflexes)® 72 4|
§ Holed, o AHL FHdM =N AAAE
9 A7 ez Q] piEE ez, 53 44
o =9I AAAEY vt Mg g gEgo
(Hassler, 1939; German %, 1989).

FH)M Zogly AFHEE Aol AXFA
A8, A9 ¥ Al022 B3F3llo} (Dahlstrom® Fuxe,
1964). A8 M EA L HAAHTY (retrorubral area;
RRA)e| X3z, A9 Az A" &A%
o A0 AZADE 5EHGTFY, FRALY (nu-
cleus parabrachialis pigmentusus; PBP), Exa7A
3 (paranigral nucleus; PN), th#Abe]d (inter-
fasciculus nucleus; IF) ¥ A48 (central linear
nucleus; CLi)o] $]Xgtc}t, Fuo] X E5E oJE =
04 AAHNEEL ZFH4A (striatum), 71z
79 (limbic system) ¥ HHZAZ FAtge] chefgt
+5243 399 UAAwe] B Yo} (Fallont
Moore, 1978; Swanson, 1982).

FoolA FAA FHE =oulyg A4 A7
SR 907, Wul, 2 2 244 Bl 2 A7
= 90| (Halliday ¥ Tork, 1986; Jimenez-
Castellanos2t Graybiel, 1987), 4¢) (Halliday <}
Tork, 1986; Arsenault %, 1988; German %,
1988; Lynd-Balta$t Haber, 1994) ¥ A} (Has-
sler, 1939; McGeer 5, 1977; Bogerts &, 1983;
Pearson &, 1983; German %, 1989 M= o] F
oJyout, F2 AF (Bak, 1967; Ross <, 1976;
Baker %, 1980; Seniuk %, 1990)¢ 23 (Unger-
steft, 1971; Lindvall3} Bjorklund, 1974; Fallon3
Moore, 1978, Bentivoglio &, 1979; Phillipson,
1979; Swanson, 1982; Gerfen %, 1982; German
3} Manaye, 1993)$} 22 AX &, &3] 83 & o4
22 i3 A7t BEFHS .

E AYAA M-S 2 A $22F gt F4
2EHE QA T3 2L o8 WM AYETEERA
£3) A1453 gld (Edwards, 1990; Ichimura %,
1993). 53| o] &L BT dFY e (Willis
circle)E 7IAZ gl AL2 948 9l (Levined}
Sohn, 1969), #&3F9e AL F3ld HANE
ANRez U 4 deld HT o s 97
(Gajkowska, 1992; Vallet 5, 1995)e= ®o] o
45T Al TEIATY, EAFHY o I HpoM
catecholamine$ §-f3l= AN ESY X 9 e
gy A7 A % (1995)°] £7]¥ (raphe nucleus)
| Al serotonin®} TH] £Eeof FHA L AFH o
2 2o,

B AFE F3RAAAE Held BEg 128
I X, AAAETHR u> F23 V)5S
33 9l =ohul AAA Sl @5 A LA
T dgtemy FHT HAAH LR AY F
A 3L A gl ZAFH Y FAANA THe o
g FAE ol WAzA A wyoR =dqlE
FH3Z A AAAEY] FXE 833, o HMEA
o =k, 27 9 AZEAENY AN 58 S
A s AN FEEn, ETaAdEGGAE Aldgstd A
29 EAo| g nAF2E AAHu ALz FAs)
of, 2 A#E ¥9¥ vUE A¥FEY 249y v A
E37] f8 & AgE A

L T A A
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He o Uy
1. dEEE 9 =AY
Aol A T2 AF T0gm e A&

B

g R a3 (Mongolian gerbil) 2A4] 2% 30m}g)
£ AHEslde. HE #F2AEY] 98l pentobar-
bital (7.5 ml/kg body weight)& B74FAtsle o}
A7 F, #AAME B3l 0.1% heparine] EHH
0.9% A d52 FFFAT F, AY FH wet
o3 22 g9z FF TAINEG A, @z
2AsEd BAL Y& pH 6.5¢ 4% paraformalde
hyde (in phosphate buffer, PB)$} pH 11.09] 4%
paraformaldehyde (in borate buffer)®, €5 A}
gu|4oz EFAAY uAT2E HFs] Hd 1%
paraformaldehyde$} 1% glutaraldehyde2, AA A
T sdt #FL Y= 4% paraformaldehyde
%} 0.2% glutaraldehyde® z+7} 313 3} t}.

2, HAZH 5

34 ¥ HE A& 3t Y57 (Frigomobil,
Reichert-Jung) & 40 um 49 44 A3-HAS 7
ol B9gME Mgkt Wogde A AL
249 (free floating method) &2 Algjslgdoni, ub
SHAL 4°CH 2A8A AldEEH. 40 um FA
¢ d<4xHL2 PBS (0.1 M phosphate buffered
saline) & A& &k1, ©]e] 0.3% Triton X-100°] ¥
8 PBS(T-PBS)2 £AI% F HY2A 394 &
Asgstger, 2 NEod WAL o) Astod
preincubation£-9] (0.3% Triton X-100, 1% nor-
mal goat serum % 1% bovine serum albumin in
0.1M PB)22 A3get. 133AE E7dA F
2%} TH (Chemicon)E 1: 200022 3]X3}d Al
33 2 (4°C, 48hr), 27} A= biotinylated swine
anti-rabbit immunoglobulin (Biomaker)3} perox-
idase-conjugated streptavidin (Biomaker)d] 1%
bovine serum albumin (Sigma) ¥ 0.3% Triton
X-100& A7shed 242} 1130022 3|4 3hod Aleol
A 247 Fet H2AA PBSZ 33 ARHAIL, per-
oxidase®] )& WAL 3 3-diaminobezidin-4HCI

(DAB, Sigma)-$& 0.1M PBS (pH 7.4)¢] £33}
(50 mg/100 ml) FAFFSA7) 0.0045% HES 3
7FAA (DAB 4-9) Abg-sioleh. 74 2AAWLE 4F
294 5 FYayg AX o TRES e Fd
nALeR #AFsg(D-7082 Oberkochen, Zeiss,

Germany).
3. ojM7xe|

A8 A BE vibratomeL 2 100 um FA9 d<4
< HEHE, A FH9E 1mm? Hole =7
2 AR F, AA¢ 2AHEHEE 1% 002 F314
39 ek(4°C, 1hr). FAWHel @t alcohol &5t
A 9 propylene oxideE A resin-araldite mix-
tureZ Erjgt ¥ 7 FEE 1um FAY FH4HUE
FYHGS. FARANN AAATE BAY F 29
A (ultracut E, Reichter-Jung, Germany)<S A
zZ}eled uranyl acetate®) lead citrate® o]|F9 A3}
o AAr Aoz FFsdoh(EM 109, Zeiss, Ger-
many).

4. HAME3E o[B8 HxIso|ZY nY

A3 ABE vibratomelE 40um FAY 44
ARE o] dozAssta e whies I
34 (pre-embedding immunostaining)-& A] 8 3}5]
om, ojuf A3 RE FA L Triton X-100&
HobstA] dkokel. EojH g o] End A S WA
oA FAFZ E¥FNE 1mm? W9 V|2 A
A F, AR 2AEAE 1% 00:.2 F324 34
ok olo] E@4aAAL AR F flat embedding?d},
BN FHTFERI HAHE FHE 2bEY
(Ultracut E, Reichter-Jung, Germany)$& #)=Hs}
1 lead citrateZ QA sl AzlHujA g HEs)Y
HEM 109, Zeiss, Germany).

2

Fev|A L BAG TALLE gFoZE {574
¥ (mammilary nucleus)$] S¥&£3# (Fig. 1la),
HzZ:o 2= 24 (medial lemniscus)7} A2HE

£ ¥4 (Fig. 10)7H d=2st 3334 w2 s+
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=3 TH "9 ARAEIE 429 Adyd

2 EF B (reticular part;

(compact part; SNc),
SNr) % 7}%FE (lateral part; SNI) FEFoA &
Hatded, 2 FelAE ALFRAA 71 wel &
gatdet. 71ek F-9 F 2EFREAAME S8 A2
o] TH "Hoguh3 AAHHZE o] wiZoA] itsg)
I, 7Bl AL 471 AAEL sl
A SFE, & A APEEe]
TH Hqws AAHEFe] 71Ee A dFler 43
A Ada wE YA AT, dFe WE F
TFA7HA] d&He] glden, o 43 dF YA
+ TH Hguhg AAAEE 44 F
+ 53 EAH AU (Fig. 1la). HA o] o
£ oF dF AE FEHEL 2EFE FoE d4F
of Wel7bHA wlx] 71§ e RS st A
(Fig. la, d). & 7]%& ¥A4dst: TH @owrs 4
AHEZEAAM FH 7|A 8k F& AIZAE77F o
b ES HAste 2EFEY] wWE S sl st
A el Qlslen, o] NEAEVEL ¥aY vjny
3 aEN-ES e B A E W2 gl
(Fig. la, d). =3 FA44 2EFHAE Sol3 A
32 e E HEHA W wE JHES W2 A
ded, °F TS ATREEE oJF2 U=
(Fig. 1d). °|&Xd m2] Z9l vhiAlel ¥ (interfas-
cicular nucleus; IF in Fig. 1b)e] 3l¥ 44 x4
H3o FFAAE TH "Hoikbs AAAZE] ol
Fdsided, vEEoR 245 WA glsloud,
a2 FZ F AR oA sldded, AAA
HAGAH L Z Aol E Relx] vt =3 UE I
AL ALFFAME 2oz I AE 7
2 oS ZA we] 2EFE9 HE7kA] dAbE e
Wl 2EREY] aiES wed A% By ggle
o, 439 EFRAME 4 TH Hoguks
AAAEE] AL 28 sl=h (Fig. 1b). ¢4&F
Afast AatEe $9d Az S4Ee mHFE
AL FEeME TH d@guks AAAZE] FAA e
$F 9 FAFERGE 1 4 AT WHEE st
on, FYsA EEse 7 wE P} U
o] W FAAL AFo YA AFAFH (med-
ial lemniscus) A FE 7tZFe] 3l H2 59

—~

(peripeduncular nucleus; PP in Fig. 1c)7}#] o]
agdeh. bl FAA 2EFFE WiZFdAE THe|
wojukd AAM XS] S44 FAHNAG (Fig, 1o).

FAA AR TH ddubs AR EAY =
e TH, WEE P Rkl (Fig. 1d~1f),
AARZEAY Z7)= 7] 20 pm X 17 um~35 um X
30um AE Aok 7Y 9 HFIAHELY Ay F2
BT 20 MEAE7IE AZEAY 5 oA 7
7t o] QIIA (Fig. le), R4S X33 AAAE
= oY 79 7k AZAET| S ZA ¥ Qsid
(Fig. 1f).

AAgnF o s fAg 44 XPFEe] AAAE
o] nAFEE By, AvHoz wjnely N EE
23 )l ent, e Ag FEAHo2 FEe 3l
o] mofe] EFAslct. L Ry AAHNEY F
ool HABIT AL, 2 Z7E MEAS vk o|A}&
AR e el vl T H=HT 149
247 A3 Qgew dAe AP
(euchromatin) 2 FAHe gle] ¥ g}, Axa
ez AlE271HEe] & dgse] gladen, 53
otk He d =] ARAE AW Akl A
A FEST e, FPANEAALLE N2 3
YA AAT L, AFA SHEfe FAE
g (Golgi complex)® M E2 9] ofg FLol|M
25 B EejAddddst R4, 4
AL5-59) fguks ARMAEE A 45, THE
Aol EolH<l HAurE-S veidled, ol2ig AE
52 DAB (3, 3-diaminobezidin—4HCl) ¥H-5-AFEo]
Az Akl FxFo] AU ET} ol §- 247 &
o o]FA #A=Y T (Fig. 2a). DABY Az 37
AZAA, AfE]iid 9 A S ZAFH §)
AL, ol F AAE dFo] AEA HollMe ARIA ¢
FAA g} L o 7| HES FA] oHg o,
I A2 dut v F2E FEE fuo o
2 FglsbA HaEd (Fig. 2b).

n #

2

THell Wak wesjeby wpjez w4
A Espulg AAAES) Bxo} wTEE

oL &
Oy
N

ot
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$aled 2 A7 Agsigdel. THE tyrosine, 3, 4
—dihydroxyphenyl-alanine,
prine, catecholamine2.Z o]o]x= AFA H=E9]
A AR EA42AM, THe| g dgqMEsietE: 28
7| EFeiRlAd AR Ee E7152 948 & Ak
zA 833 oFe]sx o (Dahlstrém and Fuxe,
1964; Bjorklund and Lindvall, 1984)% 3%
9] FhelgEpA AAHZe TRl olete el B
&4, Dahlstrém and Fuxe (1964)% 7}e|Zebnl
A3 A= A AR &4 THe A WA Bl
dopamine-p-hydroxylase® o|-&sle] === 3}g}
A apez #Hasigdd vl TH7E 3, 4-dihydrox-
yphenylalanine?] FAAZE Ax =vuloz A
Hog A28 ¥3e Fxoa TH dyutg AlA
AEE Eopnlgdelzt ZEAUH. 2%e] (Miachon
= 1984), WAH (Vicent, 1988), S (Tillet and
Thibault, 1989) ¥ =] (¢stergaard E, 1992)fA

o] gt ul gl7] dFel, £ dFM=E TH
HSA EE5L e Feprlg Y Wat ozl =aw]
Aeolet AzeH

Dahlstr m3} Fuxe (1964)= 552 oA T3}t
9 AAMEE 15z FEeEE, o shEd
Fxd At A A8, A9 ¢ Al02E #7
AN R 2EH (retrorubral field), =42
(substantia nigra), W& #+9 (ventral tegmen-
tal area)e] gt 47 FoeA TH =& =3
N A AAAEL Bx] sl o7 AFAE
e EaHe] gt & FEHE By 33 (Voorn
T 1986; Z <9} ¥, 1990; Dabadie 5, 1990), 3
2F (Vicent, 1988), 31°Fe]} (Miachon &, 1984),
o} (Tillet and Thibault, 1989), %4°] (Arsenault
%, 1988), Abg(Nobin and Bjérklund, 1973;
Olson %, 1973; Gaspar 5, 1983; Pearson -3,
1983; Haber and Groenwegen, 1989) 5 tv}oksl
TEAA olFoix foh. EaAF FxdM TH =+
Tapul Agubs AFANTY 22 EHITY, F
A g A g B3] YAHe] BEslG, o
£ Abol9) AAE FEEIA dol AR d&Ho] sl
o @A dFH gE o8 FEY FHAE TH
Houkg AR L] X7} o] & A FH HFH

dopamine, norepine-
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281, AAR Egsteidy wyudul ma3
H wodule A AT BE & 3o} ¢

=z *T"-rﬂ*“’ﬂ
AL TH B A A el ¥
Zaa, 1% ‘“Ur 7}& Pol 24 BAHL,
A9 AWEE TH Welirs AFAZY A2
77} $9o% 9 FERES £H02 WL WE
¥roz 450 e, ol ¥4 (Fallon and

Loughlin, 1985) ¥ A FA4Ae] A" (¢ ster-
gaard %, 1992)9} dx|slgion} wj@¥ ROl Lpxlo

2 W2 NEAE7)7F EAE 18 WA e HA
FAA ALFFEAE & o Balst oM WA It
oh FAA DEFELE W AEAEY] oty dHY
G2 5ol (Arsenault, 1988)9 A% (Gaspar
% 1983; Pearson &, 1983; Haber and Groen-
wegen, 1989)E ot AstH, 23F (Voorn &,
1986; ¢} 9, 1990; Dabadie 5, 1990)9}: w3
g Hguke-& B9k aybel] 2EFEez FALEE
HEAE71E ¢ B2 7HAE W3 SR, o 7t

Aol et 2oke] Adzt AU ol &
Aub-g AEAE7Y At 2EFECE =g A
Fil= M ERAE7|2 o4#A A (Cheramy %, 1981;
Bjorklund and Lindvall, 1983)22 Xo} AN ZAE
718 cpgre] EMRAY Ao FFETL A dlo}
o ¥ zAYPYoR 97T 2704 AT
PAEE $4D 2EFRRAN PR ket
(Nobin and Bjorklund, 1973; Olson &, 1973),
2 F Abg A A AgdreA] THEH 1t
& Holt: AAMZ7 32 EuEglv) (Haber and
Groenewegen, 1989). ©& Taulg A& o]43 o
g 3eha o Fol| A, Arsenault § (1988)2 thF 4
%o} (squirrel monkey)2} EM4A AYEFMN 21F
FRoz A AEZAEI7) MEoE e 7S A
93tuE FAA EFRA =oble] HYgukeS
Hole AAMNEL g Birst v} 9\1‘;} = "é“d"ﬂ
A 2eF A BN melF FEelA &
® TH HvhE AAAE7} ﬂ%ﬂ‘}i—ﬁl Nk %H
A7 22 Aot dAAY (Gerfen 5, 1982).

Lo
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A 7fEN e 85 EREENAG el =)
FHelM= vZA 2 wgdEe Qo 28y, A
(Nobin and Bj rklund, 1973; Pearson &, 1983)
o]i} o] (Arsenault &, 1988; Garver and
Sladek, 1975; Jacobowitz and McLean, 1978;
Satoh and Fibiger, 1985)o|X& 7]&% ¥} ¢
o, A2 229 A EEA 51 A SN
TH 2y FAukE A2 E3& Ve, =97
G AABAELY EA AL AAEE H g
(Pearson &, 1990).

2l F A F¥ss TH FA AAAE] =
2 w3y, X358 5 oldeny, AAAEAY 77
= g7 20 um X17 um~35um X30 um AE ¢}
o]= 317 (Voorn 5, 1986; 39} 4, 1990; Dabadie
5, 1990)el M) Aol frAleigl e, Axe =7)
9l A2AE QA mrek hazhel Helz) 23

2

TH < AAAR v 725 F237) $38hy
oA G S AsYsigdet. TH ¢4 AAAEE
FEteu A solM 2 YAE FUd F HAEn AL
2 st A7, DABuRSo] o8} Az AEAe]
w5 A Hel nldtSAEe) A FEHAT ol F
H e b33 Zoko] Wkl AEAAVIRE wlZA
A o] glsleh 53] M EAM ] A wEE
Azt Wyste] o] A wdse] gislen & L
28 A2 R4A (free ribosome)E A ZA Ao
AA 25 BE Qe oy AF FAA AAA
29| o|HFze A#e} dF4aol 3k (Domesicket
5, 1983; FHse} . 1990). B, GEFL5e
(Arsenault 5, 1988)9] Z-$ol= A E-A o] 25
=2 ¥gHe] gle] T zbel7} lsleh. Domesick
5(1983)¢) 33 FTA4A gl ofshd vjHGuH-EA
2o A AXxAADRS Al Bade] wde] WY
B M Eo sl wlg mloksle] & AolE Egdh
guke] 22 AFHoAM Ak FEA Aded
1986; ot ¥, 1990; Dabadie %,
1990), w#EFAFoldM= #3191 (Arsenault
T, 1988), EAFAAANE tha EE s o5 F
7t A=A

949 FA2 ANEE 223 oy A

(Voorn &,

AN Afre A=A, 1EFA, dHRA=R, AF

Fie AxAe E5HA FoE FAEAR g
(Fallon and Loughlin, 1995). Z=3}wlA] A7 A E2)
FAph mAFd A B Ao gov 99 s
Se 2aEc olx dew g A3z
horseradish peroxidase, cholera toxin B$} # =}k
A7 FH A2l biotinylated dextranamine & o] &
e & o AAIE A7t A% Hexel & Aoz
A,

2 B

T F Fxe T HYzA sy g HoA
FE3EH 22 tyrosine hydroxide (TH) %A 21734
XE #% J Axyn|Z oz FEsle], TH 44 4l
AAES RE, B, 37, MEAEY) E w4FE
£ ZAbsld.

¥ FAAL AYFE (compact part), TEFE
(reticular part) @ 7}&45-% (lateral part)2®
A Qlx, AWF-EAA TH A 24427 4
A REIZ UG AYFEY TH P4 AAANZE
o NEAEe £3LE W2 SZEEH S0
We wjEREOR FAFHY $3oE We wERLE
o HEAE7|7} 2EFELE W] S HAe=
g, o]Eel =3RS st MEAE S i
2 AZ4dg. S F¥se TH 4 AAAE
o mepE vt ot WEy 2o AEs} b
Wk, A7) 20um X 17 um~35um X30 um AF X
Rt TH ¢4 ABAEE AEZA e Azt
ooz $A3te] A W] UL, AHrEEAA
7t AZA Akl 3% FEIT Qiich A 2
Hatx FEAHez §4EY .

23 Fx FAAFAAM TH PSS Bol: 4l
A Ze} NEAE7]C W3 o)E A IS
2 AYHEE ZYREA F83 7|2AES} Heg A
et

AE, Add, 255, A=, HYF, 199%5. Mon-
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Fig. 1.

Fig. 2.
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FIGURE LEGENDS

Light microscopic photographs showing the distribution (a~c) and the shape (d~f) of the TH
(tyrosine hydroxylase)-immunoreactive neurons in the substantia nigra of the mongolian gerbil.
Majority of TH-immunoreactive neurons in substantia nigra are distributed in the midpoint of
the this nucleus (a~c). Shapes of TH-immunoreactive neurons are variable, oval(1d), fusiform
(arrow of 1le), triangular (arrow head of le) and multipolar (1f), CP, cerebral peduncle; IF,
interfascular nucleus; IP, interpeduncular nucleus; SNc, compact part of substantia nigra 2;
SNI, lateral part; SNr, reticular part; VTA, ventral tegmental area. a~c, 40; d~f, 400,
Electron micrographs showing a typical large neurons in the substantia nigra, compact part, of
the mongolian gerbil. a: Normal cell body have well developed organells like Golgi apparatus
(G), rough endoplasmic reticulum (RER) and mitochondria (M). b: TH-immunoreactive cell
body. For DAB reaction products, somata display indistinct nuclear envelope and cell mem-
brane. And cytoplasmic organells except RER are faded in the cytoplasm. N, nucleus; NL,
nucleolus, Scale bar, 3um.
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