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ABSTRACT

Effect of Early Thyroxine Treatment on the
Postnatal Development of BDNF—- and TrkB-—
containing Purkinje Cell and BDNF Protein Amount

in the Rat Cerebellum

Jin Fu
Advisor : Prof. Chung Yoon—Young, M.D., Ph.D.
Department of Medicine,

Graduate School of Chosun University

Thyroid hormones (TH) are essential for the development of the
brain. Furthermore, TH modulate the expression of neurotrophins or
their receptors. Brain—derived neurotrophic factor (BDNF) and its
receptor trkB are enriched in the mammalian central nervous system.

This study investigated the effect of early thyroxine (Ty4)
treatment on the postnatal development of BDNF—- and trkB—
immunoreactive (IR) Purkinje cell and BDNF protein amount in the
rat cerebellum. In addition, electron microscopic finding of BDNF—-IR
Purkinje cell at P10 was examined.

Newborn Sprague—Dawley rats were randomly divided into two
groups and treated during first 10 postnatal days, either with a daily
subcutaneous injection of 0.0bml 7.5xg L—thyroxine sodium salt in

buffered 0.9% saline (group T) or with an identical volume of normal



saline (group C).

The number of BDNF—and trkB—IR Purkinje cells and protein
amount of BDNF were significantly higher in the group T than in the
group C at P10. At P10, electron microscopic observations of
BDNF—IR Purkinje cells revealed numerous short segments of rough
endoplasmic reticulum (rER), many of which showed a tendency of
parallel alignment in the group T compared to the group C. A similar
developmental pattern of BDNF— and trkB—IR Purkinje cells was
observed in the group T and C on and after P15. However, in the
group T, the number of BDNF—and trkB—IR Purkinje cells and
protein amount of BDNF were significantly decreased at P30
compared to P15.

Based on the results, it can be suggested that the increase of
protein amount of BDNF and BDNF—and trkB—IR Purkinje cell by
early postnatal T4 treatment is transient during early postnatal life,

and these morphological alterations are not kept until adolescence.
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AT 22 (thyroid hormones, TH)& ¥ HHA Zof Q3 2182 3
tH(Pasquini®} Adamo, 1994). THS| AFel| gste] AAAMES] F2 37 o]
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2 M3E 2Ys7|E s (Rami 5, 1986; Rami$l Rabie, 1990).
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+4l 53] brain—derived neurotrophic factor (BDNF), neurotrophin—3
(NT-3)3} nerve growth factor (NGF) G§°] THY 9IS ¥t}
(Lilesse &, 1998). A< dH o thyroxines Folsidy He] oy F
flelAl NGF9E NT-3 mRNA @go] Frhatgivks Rauzb SISt
(Giordano &, 1992).

AAGSEAS B A TFAAA SN ABAE] AL, #3t 2 =
e 38 TR ABAES Ves A= WA doj gt
(Chao, 1992). oxAA AAHYSJA+= NGF, BDNF, NT-3 H
neurotrophin—4/5 (NT-4/5) &°] 3th(Ebendal, 1992). ©] & BDNF+
EHEEl FFAEAGE AAlel AA FHlsH B = 53] vt
Al (hippocampal ~ formation), ™78 &d 2 HEEIA (amygdaloid
complex) wollA Wol AW m ZFA FAMI sfute] AAHAME FH2AbeA
AgHow FEHE Aow deld dtk(Hofer &, 1990; Phillips -5,
1990; Wetmore -5, 1990; Distefano &, 1992). £33+ BDNF= 4 %
Hi el =22 wriA= Ede] b v (Friedman &, 1991
Schecteson¥} Bothwell, 1992), o] F7}ge we} 24 HAEHA o}
BDNF7} %8 343 AGAME IF4Ql A8s & Zlojzt ojAX 1
At (Lapchack ‘&, 1993; Narisawa—Saito?} Nawa, 1996; Katoh Semba
5, 1997).
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TrkB+ NT % BDNF9 NT-4/57} 1159 A3A4S 7p 1 Adsts= 5
Alo] ™ (Barbacid, 1994), BDNF$} trkBel Ago] AAHAES 7piAg
(plasticity) ol #oldt= HAo=m ez b (Thoenen, 1995; Korte 5,
1998; BibelZ} Barde, 2000). BDNF$} TrkBi A o)A =7 wd = =0
WA ZQl Ao A= BDNFZF A 252 A3 579 A3 4Es 571
Al71E 9EE 3t BDNF mRNAE Z2FHAIE7F Ass el whet 718k
Aoz BuE i QtH(Gao 5, 1995; Yan %, 1997a, b; Ohira &, 1999).
Hlopat Ay A o) ZFubA| o= trkB7F A E X gko) W] xd Y]
A= trkB7 W@ Eth= R 3 (Lindholm &5, 1997;
Ohira®} Hayashi, 1999)+ BDNF$&} trkB7F A &3 A5 2] A QA E ABE3}
FAel Fogh dFs & Aoleta AZskA shsivh. e BDNFS} trkBE
GABAS @43 AAME= 2 glutamate F&A FHAL FEeto] AF1E
g2 wnk olyzl ARFHGEAH] 2H So BT Rux 9l
(Bessho &, 1996).

HZol= AARLASTS 7H Yok A HE vwds o BDNFE trkBeH,
oko] 9oJmn] gl o)z} YUtk Kol (Takahashi 5, 2000)7F Y& 0 2 A
BDNF 9} trkB7} A2 7% Aol wi-¢ So3 #ul opjel A8 el W
A3 e Aol ASS AASFITE 3 BDNFS} trkBRaA S oe) 71+ F4
¥ &4t QM E JEFS e QoR A a et AE5E 25 M oA
= AA A ok 8 (Merlio 5, 1993; Takeda &, 1993; Ferrer %, 1998;
Kokaia &, 1998) ]y} kainic acid =% (Rudge &, 1998) % <l3] BDNF £}
trkBeh® gdo] Frhe vk, ofd A Ho|A Fo = AakhTel o Y
S 53192 u BDNF& trkBARESo] #AA3] #Aastitt(Walton &,
1999)+ Hil =
et 2 A= 24 27] thyroxine (Ty) Fo17F 85 AY oA BDNFS}
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1. 4359 487

AF 200~250 gm? Sprague—DawleyAl &7 3 F 1678 E F 3
Al A ERE $ 5 ou] o] A7l 5 PR T w3 C 2ox £/ T
= A7 FHE mE el FFAor M Hsto] C 7 Skt T
T Ty 5o 9= 98 Y L—thyroxine sodium salt (Sigma) 7.5 pgg
A2 0.05 meoll =o] 24 FAHE A7 H9 & sl vt FAFS
o] T #2o2 313 C 2 saline 0.05 mE A7 #2 &
Absto] o= sqinh. olof e AR A GAFH AlF o] S
1047HA] ASstdlet. 8utel el ofn] A= 2 A7l=3 S Z2+e] cageoll A
o2 ARFSERAIL 21T AulEel 124 HdxdS dFon 24
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2. 24Xe W BEAZ
ZF el A 8wk A7) AE AF 1049, 1569, 30¥ (P10, P15, P30) ]
SIYA AT, A3 552 pentobarbital sodium (60 mg/kg, &A= H
QFel FAReto] MY B AdeEs n4s] viE AW AAAd e
sto] AR Huje] do o thyroxine %<& FAste] A st
(Table 1).
HE 3 wpg|#A > BDNF $&Fa 54 ARESH7] 9
sto mbE & vtE ¥ E ZAuo] A AL A -70Ce] BE#stilth e
= 7FEeks da e #FE =39S AYst ¥, heparin (250 unit/me,

A2 S Sk Al A2 IFFA28a 0.1 M phosphate buffer (PB,

o)

e
o
~
=
=2
_iy

Q] 4% paraformaldehyde &0t} Zamboni 1N o 2 AFHF
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3. Total protein isolation®} BDNF ELISA assay
—70Co] AAA ZF Lo dAxdH ¥ FZ 100 mgol lysis buffer (137
mM NaCl, 20 mM Tris—HCIl, 1% NP4O, 10% glycerol, 1 mM PMSEF,

10 pg/ml aprotinin, 1 pg/ml leupeptin, 0.5 mM sodium vanadate) 1 ml

S AH7bstel EA8k k. 30% T A5l FolE & 4ToA 1537 F<t
12,000 rpmo AEF T 4F 42 Relstdrh $@ 43 9L
BSA protein assay kit (Pierce, US)E AF&3}4] total protein &= =74

e 5 7 AlEe] LT dol EFHES G-It Y total protein
300 pgs ¥ A ARSIt BDNF %2 @A Al#E 1 9l BDNF
Emax “ImmunoAssay System (Promega) S AFE39=d] W4 BDNF &
£ carbonate coating bufferel] 3]43}o] ELISA 96—well plateel 200 w0
/wellS& Fwste] 4 TeollA overnight stttk TBST Wash buffer (20
mM Tris—HCl (pH 7.6), 150 mM NaCL, 0.05% Tween 20)% A|gt
t}3 standard curveE 97] $138F9 standard BDNF 1 x sample buffer
of @AEE A sto] Frlste] F2 § AR AZE (300 pe) 3 A A2t
200 pb/wells EHisto] Ao X E5ojFHA 1AIZE wjkatdn. oAl =
At & 22 A Z+= anti—human BDNF pAbE 1:500°. % 3]43}le] 100
p/welle Eafete] d2olM 2 AIRE wjFstar AR § anti—IgY HRP
conjugate= 1:2000.% 3]A&lo] 200 wpl/wellS Eujsto] 2ALo]x 1A+
wjekatglty. 71 $ TBST Wash buffer® F=413t¢] TMB one €& 100
p/well skl 1023 5015 H WgA1Z10m 1IN NaCl 100 ut/well&



ool vheS AAAZ & a4AWS F47](ELA reader, Biorad, US)%&
AbEEle] 450 nme] WA FFEE FAN T EA50. BE AZ2

oW ol ZRekel 1 WERe A% vEE Fa

4. BDNF %2 FAAE
F 79 Ty 92 Origin 6.1 AFE SoftAlES ©] &3t mean = SDE +

E

SHAIL, AT 7o HARE t—testE o3k p<0.05 1 BFE B

AT freyo] Qe RO AT, p<0.005 A B FATA flyo]

r1r

<]

Aggdol g 2AHAS v 53t 18% S Fste] 0.1 M PB®
=AM FAE A = st A (H02) 5 Akl Wd kst as
o dAe AN eH thAl 0.1 M PBE AlFst & WxA 38k
A8 T

Aol 3 dAR 5ol whga Fol7] fldte] 3% wd % (normal
horse serum)s& Ao 1AZF WgAZY 12 &A= BDNF &dH
(1:1000, Chemicon) ¥} trkB &8 (1:1000, Chemicon)< A&} 0,
4Tl 24~48A3F gt AgA7IEAM RESAIZT 2 F 0.1 M PBE 10
43 3 FA #AFES AxeH, 2 2 A= biotinylated horse
anti—mouse IgG (Vector, 1:200) & A4 1 AZF d+-gA71 3 0.1 M
PBEZ 10 &% 3 3 FAsith. 183l peroxidase’t XA H
avidin—biotin complex (ABC, Vector)E 1:1002.% 3]X3}o] A2o]A 1
AZFAE WEEAIZ % 0.1 M PBE 10 #3F ©Al 3 3] FAlsta yA 3,

o

3’ diaminobenzidine tetrahydrochloride (DAB, Sigma)¥& tris—buffered
saline (TBS)o] o] 7|dgdoz ARESIR=Y HHE 2o H.0.5



0.003%7} H=% H7tsklon, AoA] 5-10%7F WAl & dAnjs)

5 gIskt. £k A4S == nickel chlorideE DABe]
SellAA o#stil 0.003% H.0.5 H7bste] dAmbeS Qs 1 +
TBSZ 2~33] Al#s & AAs 2AEHES Aetelo] vutg &Efo] =9
F-abste] AoA 12A12F o) Nxe b, B0 A Y AA

polymount (Polyscience) ® & ste] Fedn|7dor #zsglc),

o A HE

6. BDNF$} trkBE+ ZZHAX $9 FAAE
A BASH Aeg ste] WA FdAn|Hor AT & &
WAA] ARz A 9 o] et ¥AHE $FH 9 ¥ EH (Paxinos
¢} Watson, 1997) 5 #Farste] g% zAdA nlwstelcy, Iz o=z
FF Aa¥E 10 MY 2o ® Uyl (Larsell, 1952) BAAE 9] 4
S 918 ofdl, F A9 A B9A FE 1~6 29 F 4/5 h4de
AATE U oE @9 Wx I BDNFS trkB¥H =
X100 wjellA 2+ 2zt Algsiaict. d"el wE 7F 7o Al A3+ Origin
6.1 AFESoftAE S 1439 mean = SDE T3, FAE F
ArE t—testE o183tk p kel p<0.05 Q1 A5+ BATH {240

4
= ROz Y, p<0.005 A A5 BANA folyo] FAF Aow

1
o

1
HE d73&2 #2340 @534 S AA prophylene oxide® Epons 1:1
Pz

S|
2 3ARE Befo] 1ARE sob ARolA REEAIZIAL o] HHEL plastic



embeddingS Al83}e] 62~65C=E ZA 3t incubatorol 4] 48 A7k H<F =
o} =3lt}. Plastic slideoll4] BDNFYARES AEE HAS o] &35t wou
o] wlg] #H]3] ¥ eponl® ¥ blocke]l 100% epones ©]g3ty] )

e

BDNFoFA RS- A7} F2FE] o] Q1= epon blocks U3t incubatore] 3}
AT o Yo H3AAY. &ds] 22 F Ao vy WolAdEE 1 ym

=
1o
1o i
o
A%

Ju| g AAHS do] toluidine blue GANE dto] BrH S A&
1 %

o5 AAsty LKB 2uE#E7I2 60 me F3HAAHAr A4 vAS wE
Aot AARE v AL B uranyl acetate?} lead citrate@ o] 5 A A 51

Hitachi (H=7600) F3dxdu]4d o2 80 KV 7} gdslollA] #2sksi ).
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1. % thyroxine &% (Table 1)

Mann—Whitney U test® Z} &M T +3 C 79 T,9 %= # w3t
Ay, P10oi= T +9 Ty o] C #EY 9384 =2 ™ (p<0.05) P15
ol T 9 Ty 4o] C R F2aHA ko (p<0.05), P30l T
7 C = Atele]l BATAH R Fodo] §ATH(p20.05).

T ol @gel F7tell WE T.o 4= vl A5 23, P10°lA P15
2 Aol T W T, o] @A TAart 0o P15oA P30o=
Fol S71E W= TATAA fedel Atk C el A P10oA P15
2 Ago]l FUE w9l P15oA] P30C R ¥l F7ME uw BE FAEH
o}de] elodt.

Jo

2. BDNF ELISA assay &7

7t Aol T w3 C + 2+9 BDNF %% t—test & Hl WA &tch
P10l T 2] BDNF <fo] C <ol Hlgto] dAsHAl 571 AL (p<0.005),
P15e&= T ¢ BDNF o] C el Hlste] s 715 A2 4 U3
aL(#X0.05), P30°l= + & Atelell EASHA zkol7h AT (p>0.05) (Fig.
1A).

Zy T A A" el St ubE BDNF ko W3lE t—test= H]
Atk C wellA= P109IA] P16E A®o] 571 & wel= BDNF <fo] 9]
SHAl T7Fel R o (p<0.05), T ellA= P10oA P15E Aol F71e o
Astd oz {8t xpol7 AL (p>0.05), P15°1A P30Sz A™ F7}
g woli= C o FATgHRE §9% WEr A2 (p>0.05), T Fellde
BDNF &Fe] f9]gt 7ha7F itk (Fig. 1B).
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3. BDNF&f ZFHAE $9] Ao

P10elA T & C Rt BDNF&-F ZSHAE 571 folebA ko
(p<0.05) P153 P30°4= F i+ Akelell BDNF3HY ZEHAIE 579
o5k Akol7F gl vk (Fig. 2A).

P10elA P15% <d7o] S71E wf C oA BDNF&f ZFUAE 4
o] frolgt T/ ARy T wellAs A% Stell wE AX 72§
3 Wyt glolow P15olA P30Sz 7ol Sk w C wolleE dF
7kl W& A F7F Foe a7t oy T delAe AlEFE {2
& a7t lSltk (Fig. 2B).

4. TrkBEF ZFUHAE 59 o]

P10eA T 9 trkBEf ZFAE 571 C F R fFo8HA B3t
P159} P30°l= F o Abolell Foldh 524 Zpol7h qlsith(Fig. 3A).

7} TolA A"e] Fvbel] WE trkBIG 2FUAE 49 WIS B
g A% P10eIA P1562 Ao] S718 w C wellAe AlE 52 {7
g SUHE #EE S 9oy T Fellds fo% A wEs itk
P15e]A P30C® o] F7ted wii= C LolAe kB ZEuHAE
o Fo3 7 W) Aoy T Felie F23 24 727 A
o} (Fig. 3B).
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5. BDNF&f ZFuA| 2 X 4

P10AA F+ & EF #AFOC2 So97= AAE7E g0 = A5 A
z

2 FHS] 9A8 PN ZRUALES te deon T Pl
C Turh @ BDNFEH 22U 50| 25 thFig. 4A, B)

P159A & + EF ZFUAE Zo] WSS o]Fo] ddE wjdy o] 9l
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Table 1. Blood thyroxine level

P10(n = 5) 15(n = 5) P30(n = 5)
Group C 28.20 = 5.89° 1.98 + 0477t 312 + 0.51
Group T 3.58 £ 0.75 3.22 £ 0.51 3.24 £ 0.50
Values are expressed as Mean T SD pg/dl for thyroxine . The symbol * indicates
significant difference from the group C at the p<0.05 level. The symbol T also

indicates significant difference from previous age at the p<0.05 level determined by
Mann—Whitney U test.



BDNF ELISA assay (4) BONF ELISA assay (B)
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Fig. 1. Contents of BDNF protein between group C and group T at P10,
P15, P30 (A) and difference of BDNF protein amount according to postnatal
age (B) in the cerebellum. The symbol *, and ™ indicate significant
difference from the control group (5 p<0.05, ™; p<0.005). The symbol *

also indicate significant difference from the previous age (*; p<0.05).



BDNF-IR Purkinje cells (4) BDNFAR Purkinje cells (B)

I P10
Q- I group C EI P15
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Fig. 2. The number of BDNF—IR Purkinje cells between group C and group
T at P10, P15, P30 (A) and numerical difference of BDNF—IR Purknje cells
according to postnatal age (B). The symbol ~ indicates significant difference
from the control group (5; p<0.05). The symbol # also indicates significant
difference from the previous age (*; p<0.05).



trkB-IR Purkinje cells () trkB-IR Purkinje cells (B)

I group C . P10
8 - * T group T a0 - 4 e
# I P30
j B0 4
" B0 2
T ©
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Pio P15 P30 group © graup T

Fig. 3. The number of trkB—IR Purkinje cells between group C and group
T at P10, P15, P30 (A) and numerical difference of TrkB —IR Purknje cells
according to postnatal age (B). The symbol * indicates significant difference
from the control group (; p<0.05). The symbol # also indicates significant
difference from the previous age (*; p<0.05).



Fig. 4. BDNF—IR Pukinje cells in group C (A, C, E) and group T (B, D, F)
at P10, P15 and P30. The intensity of BDNF immunoreativity was most
prominent at P10 in group T (B). The monolayer arrangement of BDNF—IR
Purkinje cells was reached at P15 both in group C and group T. The
intensity of BDNF immunoreativity was decreased at P30 both in group C
and group T compared to previous age. 100X,



Fig. 5. TrkB—IR Pukinje cells in group C (A, C, E) and group T (B, D, F) at
P10, P15 and P30. The intensity of trkB immunoreativity was most
prominent at P10 in group T (B). The monolayer arrangement of trkB—IR
Purkinje cells was reached at P15 in group T, but this morphological
features was not found at the sane age in group C. The intensity of trkB
immunoreativity was decreased at P30 both in group C and group T
compared to previous age. 100 X.



Fig. 6. Electron micrographs of BDNF—immunoreactive Purkinje cell in the
cerebellar cortex in group C (A) and group T (B) at P10. The BDNF—-IR
Pukinje cell of group C and T exhibited large nucleus, small cytoplasm,
centrally located nucleus and prominent nucleolus. In group T, it was
characterized by numerous mitochondria and cytoplasm exhibiting short
segments of rough endoplasmic reticulum (ER) in a matrix of free
ribosomes. Numerous short segments of rER showed a tendency of parallel
alignment and many Golgi complexes were appeared in the perinuclear
position in group T. Parallel arrays of rER formed Nissl bodies. G = Golgi
complex; m = mitochondria; N = Nissl body; nu = nucleus. scale bars = 1.7
(m
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A= R7F Atk (Linnarsson 5, 1997; Minichiello 5, 1999; Iritani &,
2003). ?HA el 71d A Wy B3ekA vlsol, Down S5, A% 1

ol Apgar AF7F 9 SAE A 5 vhEE Aol Ao 3 3
22 A9S Yebdt(Huang 5, 2002). B3k 4] (perinatal periods) ©ll
WA S22 AR AFY w5 BTolA A A dde] Ad &
1S Ao 71t} (Pasquini®t Adamo, 1994; Oppenheimer$} Schwartz, 1997;
Loibuchi®} Chin, 2000). webA @A 37348 Aek Qo= o 7hA] Aot
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