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ABSTRACT The aim of this study was to determine if biocyﬁn, a low molecular weight analog
of biotin, would reliably label details of corticospinal fibers at the lumbar level in the rat. All surgi-
cal procedures were performed aseptically under Nembutal anesthesia. Biocytin (5%) was injected
extracellularly by pressure into the hindlimb motor cortex. Rats were perfused following survival
periods of 1-7 days. After fixation, frozen sections (40 yum thick) of the injection sites and the lum-
bar segments were incubated with avidin-horseradish peroxidase (HRP) containing 0.3% Triton-X
100. The reaction was enhanced with heavy metals. To elucidate the advantages of this technique
with biocytin, wheat germ agglutinin (WGA)-HRP was compared with biocytin for its use in cor-
ticospinal fiber tracing.

The results are summarized as follows.

1) Biocytin was transported rapidly, at a speed of 20-40 mm/day outward from the injection site.
Terminal labeling of corticospinal fibers at the lumber segment was observed within 2 to 3 days of
the injection.

2) With an injection volume of 300 nl, there was no apparent difference in labeling quality
between animals with survival times of 24-72h. The labeling was weaker with longer survival times
(>5 days).

3) Although the reason for the decrease in labeling with survival time is unknown, possible expla-
nations are that biocytin could be degraded by intracellular enzymes, such as biotinidase, or that it
might have been expelled from the terminals into the extracellular space.

4)The number of axons labeled by biocytin was smaller than by WGA-HRP. However, biocytin
stain provides a view of a higher level of detail than WGA-HRP.

These results indicate that anterograde tracing with biocytin can be applied to label axons in a
long tract such as the corticospinal tract. Biocytin can be especially recommended as a useful anter-
ograde neuronal tracer to reveal fine details in labeled axons.

(Received July 28, 1992 and accepted August 14, 1992)
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TIEfTHEERRRC L » GEih Y. I, ZoEER
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lutinin ; PHA-L) X 5882 »MER 525 D
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Aol #B05 v 30ED 5B, 7RAHBNESH
Bzl s KNEEESTREFRROEE R, 18K
biocytin ic X 21E3ic, 5% WGA-HRP ik 5E#
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2 AR, T biocytin iIT & AR A
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2:2 fVBRREKICK 5 KINE B EENEF A RSEIEDE
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BEOBMINESIINY <k ) BB CBRGER YR
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bital sodium % 8-10 mg/kg/ks CIREIRE 5 L -,
LHEIEEED ¢ v P ERYEEE, LEETO
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Fig. 1 Injection sites of neuroal tracers. Origin of
grid is bregma ; units are mm. A : the motor
cortical thresholds for eliciting EMG
responses of the contralateral hindlimb in 7
normal rats. B: five injection sites of
biocytin. C: twelve injection sites of WGA-
HRP.

74V THE-TRIEL, BERYHGE. FREREE,
ZVZATVEER IS5 pm, £ X 40-50 mm) O%
SR EETE L, St eieEsr (SONEL-31,
HERXr 227 25 4) THBLLELD (B v ©—
Fv2Z22.5-5.0MQ) &R, BHEEHRICT, SRV
AY—7v 7 BE (EE50 um, BRELEIES 10 mm)
RV, KEBBEIRCRELA S T — T AREAT B 10,
BeREYIBR % M U e R R I o> R FRIUEESS & KB — 58
BICEDIA AT, BRFIBIE, tuvA Vo BB
(2218 0.2 msec, 3 msec HfEOEHY, 105 %
Fv, FIBERAL S X ORI BBRE AL 2 enis, o
BENOBERGENIEHECTELRPHELRS, ~v
TR L (Fig. IA). WTFhoBch R/ NEEY
ATEIEEERSS 1.5-2.0 mm Th - 7=,
23 Biocytin = & 21E%

231 FAE

2:2 LR OTECREE R BEAME L, LEEEE
ET7 v VEBEEEE, EEEROESEAI 0K
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T3 D/NTIBR # N % 7. ,

BEABY S A~y b (s 80-100 gm) 134 Y
=FVUVFa—T, FIRAEEALTCFH /Y v & —K
v 7 (WPI, model A1400) K#Hil, <=t =l —
A WBEZE L. Biocytin (Sigma) 130.05M Tris-
HCL 2B’ (pH7.6)To%IHTHEL, 7/ Y v & —#
VIDBETE Xy IR TR L fe. SRR
FEEE T2 biocytin B X BBE IR Bd, vy
MR E NERES D 1 mm GEANIRBE LDRA L
%, 0.5mmRELCEZEL, 300nl % 25nl/% (12 4%
B CHEEA LK. BEAK 0 SHE=y b 2 F0HBic
BEL. ‘

2:3+2 77 HAR

EBEDOS v+ 18 EOEFHRIIEAL LB G,
28 G@E), SEGES5H B 7H GE &L,
Bs v b SOAELRMIZI B L LE.

2:3-3 EREE>

7w PR EER2:3:2 IR L o AR AR X @ 10 B,
pentobarbital sodium JERERESic X b ERE T CE
MLz, HOLE, LDARMENEICEIBE L8, LR
LEZBR I X —CDh=a—URBAL, A5k7F
VAMBEHTF CEZERHFATH =2 - VEETE L B
B2 0.9% NaCl hn Bl #g i e (pH 7.4, 33-37C)
50-100 m/ ¢, ¥ T 20-30 i3 -< b, BHEE
B WP M L, &\ T, 1% paraformaldehyde,
1.25% glutaraldehyde, 0.1 M ZEAAEER (pH 7.4,
4C) DREVE CHEREE L. ‘

2:3-4 FEEIHF OrESY

BREERTE, BEboMERE2ROHL, 10%E
PEIMBEERE B (PH 7.4, 4C) WREE LK. 1-2H
B, 7eb—aT, AMEE GEADEL BIUH
B HES 40 um OTREEGIR LIERL, 0.1 M Bifsis
T (pH 7.4, 4C) wiELT:.

EAREBIE, 1o, STEREC 30-40 #HOE
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BOEEE DRERTEI - ERLNC S, R D 0 9P A D 1B
OEMEIR 2 EE LT, 1 TEOBEEAND, RETEE
DEEE, REARCKBEETRR S % 10-12
W, B OBEE, Li-L,, Li-L,, Li-Le 2%
RENK 40 BOBFEI R 25 bhi. 845 v 1 31T
DEFL LI EEBTHE OWWEHRA (T9-10) ok
T Qo408 %ESLL .
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i, IR % 0.3% Triton X-100 JngERiEEwR
(pH7.4) 50 ml &L T 10 3>, BWREE 2T
2 Ege Lz, ®iz, 0.3% Triton X-100 hniiis &
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incubate Ufz. F0%, 0.1 M B ER T 10 5/3
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wl #In % fe BOGHH 50 mi w8 L T 5-20 &4 incu-
bate L7z, RIGHKTH, W 20 IMBEREER
(pH 7.4)T 10 3>, BRAE 2 T3 m%EE L.
RIGHk & Cs v HBER LA T A V7 7 A
L, BHufEry, 1% neutral red Tfricl, YIREAR
YEB L 7o,
2.4 WGA-HRP |2 & B1E:%
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Biocytin B A: & RO & CREEZEAFERFL,
tEEEEE cEBYEEE, EEHEROEET YR
DRV CEEFAEH L. EEGREET, EAR
St R SR L 7oA 0.3 mm, W& 0.1mm ©
ATV VAL 5T st AT VL 2 biocytin
BEADBE LRAKCAY =F vV Fa-, 77 2E
BALTCHF 7V v & —Hv 7 (WPI, model A1400) @
EEL, w=t-lr— BT LA, WGA-HRP (R
BERS) 1201 MOBFRIEEWE (PH7.4) T2.5%IHR%E
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L OBICHEEL .

2:4+2 FEFREES L CRETHFOER

vy P I WGA-HRPF A#, 3HM AR I ¥,
biocytin ©B4 & BEOFHE CEREE, HEYATE
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HRPEADSIED 3 B, 2 WHHEMEIAERIc, 3
MR ER I AT,

2-4-3 HEEIEZERUC

HRP RS iL Gibson et  al. DEE 7.
Mesulam DEEE3Y L B s Ak, RIGOEBF TR %
Vv RTHIEF B D #nxicz & &, TMB %24

FLBRER RE

Te¥WE (¥ 2) & nitroferricyanide & LK (B
OB T L ThHDB. FREFROBERE O
ToRYTHS.
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B2 . B¥200ml » 74 v, TMBlomg, = %
J—nAb5ml, 0.2MEBEEERI0m/, ZEE K184
ml, 3%:EE{ KK 1ml

BW 3 R 200m! Hicy,
nitroferricyanide 200 mg, 0.2 M EeBS#EE¥ 10 m/,
FREK 189 ml, 3%BEA LKA 1 ml

RIGEIEE, #Hcdh % 0.1 M BREfEw (pH
7.4) pHEEICBLT IS 4HMELE U6 aMed
el L IEBRELE D). RICHER 2122 47,
WTERIC25BEL, B 1 cRL T #E&S<
yvALK., K2 3KELT BW1ITIVYAET
FlHA4zreEL, 0912718 0ELE. BER1 L
3132, SHA 27 A1 EFLOCEREZHBRLC. 104
4 7 VT, BW 1T 15 SRR L.
2.5 IEERHBRR MESIRIENERE

Biocytin % X 0" WGA-HRP Z# 0¥ BA L R
FFEEMEE T, 40-400 f5 T8I, LERLLT, F
BB L O camera lucida 12X % b Vv — A&7
7z,

3.1 FEASBAL

Biocytin HEA T, 1 HFFOE A0 nDIZX LT,
B X 40 gm OFIAT 20-30 OFEAEMBEAEB I TE
b (Fig.2A, B), @A TEHER S hi- OBl
HEENEIE I his (Fig 20). 1-3 B o&FHR T,
AR DI ORI E R b eh o ks, 5T
B oAFERECrE, 12FTOEAG nD LT, B
& 40 pm DY) TR S b IIREAY 10 DU
A LTt

WGA-HRP AT, 1»FToEAE (100nD) X
biocytin (300nl) X b i id bbby, FF
AE -~y FHA D DR 0.5 mm RS EHR I
72 (Fig. 3A). L#z#ioC, 1mm B cHEALLKSE
BTl BED B o MBEARRMIC & - TR X 5 il
BEWZELT., EX40umofi Tl EVE
D 100X 100 gem OEEFICFEH 10-15 O AR 2
2T (Fig. 3B). 2o X v, WGA-HRP Tix
157 100 nl DEACK LT, %< OsfikiiiariZas; s
=A%, fH 4 DD dendrite, axon 7t & OBAES
¢t biocytin IZ X BEERRIC LN TRBETH - 7= (Fig.
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Fig. 2 A biocytin injection site. A: the injection site is restricted to the gray layer of the hindlimb motor
cortex. B: the pyramidal cell layer in panel A is shown at higher magnification. C: pyramidal cells
are photographed from an adjacent section. Scale bar for A =100 um; B=50 gm; C=10 gm.

3B).
3:2 KINBBEADRHENET

A AR 1-3 B @ biocytin £z <%, 1 257 300 nl
DEAT LT, KREEMNIC 10-20 A D K ETHE
BRAE BB I X e (Fig. 4). Biocytin 034,
HEAELA B D Z 3 b OEEFRIRME O BR8P XA
5THote. Lal, WGA-HRP 0413 biocytin Iz
HAT, EHRHERIL b o0, EHRME SR
Ml Ihaicd, &BT 582 8RBT 5 C
LXREETH Y, BAEED L OFEBRMER A
THZERTE R T,

AFERAR 5-7 H T, WA ORI & R
KB M & AT T 5 EEHARAE S T O Q@M A EEs L
TR, 15O AT 53R AL T
A LT,

3:3 BHNETRURH

AFRIE G T, #EWEIHE QIL), Bk

A QD) & ER v <~ TR a0
BEIhien o7, AHFHR 2 B G Tk, #Eks
h QW) T, Li-L, v _ADBENIT?2, 3KOKEE
BFHBGHEI ER I . LaLl, B Qe <
1%, Li-Le oA, KABRNWTHICHEH IR
BEMBAMEBE SN o7 A 3 A6
TUE, MEWTEIA BUE) kT L-L,, Ly-L, 5\
L Ls-Le T, ZTREN 1-2 277, BTN 5-10 A
BARMEN R RN O HEFHE > DIKAECEAL T
LEBRABIE I N (Fig. 5A). BEEIH B T
L,-L,, Ls-L, 5\ X Ls-Ls T, ZHEh 1-2 »FF,
HHEEIR 2-5 BUCIRE U CIK BB PSSR iR 0 Bl 2R
Tt (Fig. 6A).

5-7 H oA T, B OB, BEtIA
TR A EEGHEOSMITOWTIE, AFHE3I D
B & ABRRERRRD R -1, LL, &
M 3 H ORI AT, EHEEOR a5
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Lt

Gray matter
----.._...._ Of cortex

Fig. 3 A WGA-HRP injection site. Schematic presentation shows the photographed area of panel A. The
arrow means a WGA-HRP injection. V in panel A shows the pyramidal cell layer. Panel B shows the
pyramidal cell layer in panel A at higher magnification. Traces of a glass pipette are show in the left
upper parts of panel A and B. Scale bar=100 xm.

Fig. 4 Subcortical white matter just below an injection site. Panel A shows efferent axons labeled with
biocytin. These labeled fibers are shown at higher magnification in panel B. Scale bar=50 xm.
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Fig. 5 Longitudinal sections of lumbar segments.
HRP (B). DF means the dorsal funiculus.
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e

Corticospinal fibers are labeled with biocytin (A) and WGA-
Scale bar=50 xzm.

Fig. 6 Transverse sections of L1 segment. Corticospinal fibers are labeled with biocytin (A) and WGA-HRP
(B). Corticospinal tract (*) is easily identified in a ventromedial area within the dorsal funiculus in B,

but not shown in A. The arrowheads show central canals.

PICET LT bh, MWYR CBIEZE S h 5 Bk a3
IS SR T 5 AL LT,
Bk oo B 7oA A7 1R 3 B @ biocytin B2k A F U
< HAAFHARST 3 H o WGA-HRP E#5 & i+ 5 &,
HEWTEI R <%, HENZETT 5 KEFHE R,
biocytin Tl iz (Fig. 5A), WGA-HRP Tt &4k
2 (Fig.5B) E#iXh T 200 EEIh. HEiY)

Scale bar=50 ym.

UL, biocytin DG, B RIFIs8E& T b
SNDBMER DA T Fe D ER O R BEHB R0
ReA AR LT 5 LixcE ot (Fig. 6A). LasL,
WGA-HRP 0#&13, HBRORAMICHIET S KEH
Bl &R O Re BRI S e (Fig. 6B).
34 (BEEL & BARHE

ettt v b 3T, EABRAERFLM 3 B CHER



Fig. 7 Fine regenerating terminals rostral to the
lesion (T9) in a chronically spinal-injured
rat. Sprouting fibers from the corticospinal
tract (*) are labeled with biocytin. The
arrowhead shows a central canal. Scale
bar=25um. Note the cloudy background of
the terminal fields.

7 (T9-10) o BB RERE ARAEWT IR 23 4 01 IR I B 3
Ihte. OB BEHGHEO B, BAERERR
S it it & e & BB biocytin MERICE
HEhTtfe (Fig. 7).

4 & =

4-1 Biocytin DEIHERE

HHRA S E A DA D biocytin O 1EFE 7l Dk FE 12D
WTIRFREIR L - TETOENRR BN S. 1220 11
4 W 12mm B L, King et at.'® 1% 24 K§fE] < 10
mm L& LTw5b, KREBRTIY, KIMBEEDETE
AB23ATHEMY S LVOBEBRNLTHETH- .
350-450g D F v F OB SR ¥ CERBER T
70-80 mm TH H b, HEFHIKZ T2 biocytin
ORISR 12 20-40 mm/ H L HEE S i,
4+2  Biocytin O & FERRAENRE

KEBTHLH ST Tc X 512, —#I< biocytin
2k BEH L SRR OB E & HIETLTW L
TR lmbnTwb, LaLisdb,
1 b A F e biocytin 23 E D X S L CHilRN B
HELTHLDONTOWTIRE < bhroThial., 12
DOAEEME & LT, biotinidase @ X 5 7s biocytin 45
FEOHFIENEF BN SH%. LiL, A biotinidase
EWERMED 107310 1K T LT H ™, BERCL 2
SfRDME— DR TH D L 1EFE 21t . Kita and
Armstrong'® (T & bR K imE o background
CERICREEIN T MO FET ST LCERL,
Eh R A WD B D biocytin O AHEE Lic. KFEERT
3, WHEMLUIL 5, EERERS, HoRER

—a—RrYV

FLBRES B

BERR VI O Wi I I AR IR U » TERCE
INATMAEEI NI, Lo T, Al b —
IRiE, BUH A E hte biocytin 23 Rk Eh R E 8 T AR UHIZ
EIZh, BB ENG Z EEHLY ALK
S LTwWB EBbhi.

4-3 REEFHIR

— BT, in vivo TR0 B B\T in vitro ) DFEAR
T biocytin ZMlENEAL, VKRB IERT 56
i, HEABREBICHBEEICT R cd, HEARORK
B ERT 2 LE -7, L, #ilg
NEATEWRE BT 285613, AFETRNC X
5, MR Tos@eMiast~ofthiz T
biocytin O HBPEE IMET L T < 0T, Eiait
I B ERER O FRREC X o T o 4 AR AR A IR L 72l
T b,

Kita and Armstrong'® (¥ biocytin %A # v + 7 *
V=Y RIZE 5T v MEEERICEAL, BMAOHS
HEELTVLH, LFHM 5 H CHEATA b AR
MELEH LV ~AnELCHEE TS ELHL TS, [
e, 44 Y P74 —v R Lo THADRMAII
biocytin AL, HREERIEL B BIKMEEREZ A~ D
D, IR TR X OBEED bR B~ DG
PEELCRE T AFHMY 2 HURE LTS, &
72, Izzo™® 135 v + DR, KIMEE, HREEKI—
AT 10-50 nl @ biocytin #EFEAL, ZHNFENDOIRAL
HHOEHEREHEL T, TodT, 30 KEE T
B L N L DE T RERD VA, Lhll oAk
AL, EEAREE LA, 96 REfETHEASAL, #
HHEMEE D& EH I h el oot BB LTV 5.

Z DX 5 I B R TR O HE AR T B
AR LT, biocytin ZEHEA L TH AL OHEE
R E T 2 DI O 8 28125 L7- Lachica et al'?
CRAEAFIERT 9 BERS A B 2 BRI TR L R L DR R EE
BT, Fhe, Ty MERO SR AEIZL L1 King
et al'® %, 1-4 HEOAFIE TRy ~ v olE %
DT, ThboHETIE, WIhdEARAE
— M FTIZoWT 100 nl BB biocytin 23 A 41T
re.

— 2Nz 300 nl FEA LcARSERTh, AFHH3 H
CTIFICRIFAE#HIME SN TR D, 5-7 HOEFR
TIEH NI THHOD, TEIWWHEALTLES C
i ote. DFD, —hFTOEARNSVEHE,
EWATHETOE#R Y A nMRIChPT W T &2 HE
Zxht., FOEEE LT, EARNLVEEIEA
AL THIfa sk T 7 — v X Autc biocytin 2SEIRE D A F
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DT = o — 1 YN biocytin B EARER—TFIC
Fione T EARBETbLR 3.

4-5 WGA-HRP &5 & s

Biocytin & WGA-HRP @ L 5 i AR CHRE L
e, MEAEATLE Ry FETORBLCEH
Bl =a—ev LAESRISN Dot SO LITd
Kok BT 5MREIPERMCE#RTES L5 7
EA BB, AEROLSZ—HCWGA- HRP © 3
FOBAEAL LA HOMBBLMERI RN &
wirh, oFh, EEEFedicd iz biocytin I
AL THEBETHBEETERTH L 5 B R IREDN
CRATEEZ 2 bR, LL, P8 irb,
biocytin TE# I e = = — v VIXHEATALL T L ER

ST d PHA-L 12 X 51882 wLiC, B7eRiiEs

FumE CHIRCEE i, Lo T, BaD=a—
v Y OSSP HBT 2B 65— oD —n vy
HEAGBET 2561, BERRTEE IS WGA-
HRP i H~C biocytin i X BB\ T5 LB
niz.

5 ; i

Biocytin ®FEFAMEA L - T v b HEETHE Y
L, ESREoXESR Y WGA-HRP Fi#ic X %
B & s L 7e. Biocytin IBfT MBS OB B
ek R BB IDOEE L LT, UToRELE.

1) Biocytin O PR E 12— H 20-40 mm &
®<, 7o b AREEEBEIE AL, AR5
THEBY < AITEL . !

2) REOHEAEN—FT 3000l 0HE, £FHRH
3HHUATHIE A, FHBEGCThoESD
BWEELisdwt. L, 5HB RS &, EFL
BT L 7.

3) EFIHESECRSE, BV SANMETTS
B/ & LT, biotinidase @ X 5 7sf¥5 1 X % biocytin
DRROfM, BRSO biocytin O LT
B LHERIE e,
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