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Morphological Changes of Rat Dorsal Root Ganglion Cells
in the Process—forming Period

I. Observations In Vivo and In Vitro in Early Stages of Development

Takafumi NINOMIYA
Department of Anatomy (Section 1), Sapporo Medical College
(Chief : Prof. K. Takahashi)

Rat dorsal root ganglia in early stages of development were digested with trypsin to remove
the connective tissues. Then dissociated ganglion cells iz vivo and in vitro were observed with light-
and scanning electron microscopes to clarify the transforming process from bipolar to pseudounipolar
cells.

1. At the prenatal stage from the 13th to 16th day, about 70% of all ganglion cells were
bipolar. After the 17th day of the prenatal stage, the population of pseudounipolar cells had in-
creased to about 65% on the 17th day and to about 909% after the 18th day. However, about 5% of
ganglion cells were still bipolar in the 1-day postnatal rat. This transforming process of the gangli-
on cells was confirmed with the scanning electron microscope by observing dissociated ganglion cells.

2. When the dissociated ganglion cells were seen in vitro, the cells yielded two or more proc-
esses at the early stage of culture and the processes made networks between the different cells. Bell
-shaped bipolar cells were confirmed in culture by the scanning electron microscope, but no further
transformation was observed due to fibroblast proliferation. However, when silver impregnation was
used, complete unipolarized ganglion cells were observed. On the other hand, when fibroblasts were
inhibited in long-term culture, no pseudounipolar cells were seen in light- and scanning electron
microscopy. This probably means that the three-dimensional space, which contain fibroblasts, is
needed for the transformation from bipolar cells to pseudounipolar cells.

3. According to successive observation by light- and scanning electron microscopes iz vivo and
in vitro, unipolarization of the dorsal root ganglion cells seemed not due to the fusion of the two
processes but due to the elongation of the cell body near the approaching two processes.
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LD, 0.25% + U 7~ v (37C) T 15~30 L
Bl 20TiFr—rH,, filEREY - HI7N
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FAR—AT AT e FTCHELR. —FH, 471D
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by 7o DRG ek S8 LD, Bunge ef al
OFED B THBRE T o7, #1100, 1 v
Fa~N—x—H37C, 5% CO, 95% Air)Tfrisy,
B2 38 9% 12 13 B600 medium'” (Eagle’s MEM 60 m/,
9-day chick embryo extract 10 m/, human pla-
cental serum 20 m/, 20% glucose 3 m/, 200 mM

Dorsal root ganglia (DRG, Th),ED13 — 1D postnatal

0.25% trypsin incubation (15-30 min at 37°C)

Dissociation with Mixer

2.5% glutaraldehyde

|

Centrifugation (800 rpm for 5 min)

Metal plate coated
with poly-L-lysine

Phase contrast microscopy

3% tannic acid

Cell culture

Silver impregnation

2.5% glutaraldehyde

Light microscopy

1% OsO4

Dehydrgtion

Critical point drying

Sputter coating (Pt-Pd)

Scanning electron microscopy

Fig. 1 Experimental procedure used for én vivo and in vitro observations in this study.
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L-glutamine 0.7 m/, nerve growth factor 50 ng/
mO EHG T, BHEFAEOMEY X 20k
# C 3, CF medium!®*'® (Eagle’s MEM 82 ml,
human placental serum 5m/, 0.2 M KCI 10m/,
20% glucose 3m/, 200 mM L-glutamine 0.8 m/,
nerve growth factor 50 ng/m/, fluorodioxy
uridine 10~°M, cytocin arabinoside 10™° M) %523
BRtAt: 1 BRI H L, Zo#ix B 600 medium %{#H
L.

REE A 2 BFRT 25 28 H % T4 DRG fMilaa®
BRI B By BEaksE (Nikon TED) CEZE L. %
7oFEr e, EENEEREODI, ¥ 0.1MY
v g E (PH 7.4) T 3 EEEE, 2.5% 75—
TATFTe FT1IRMEEL, 3% % v = VBT 2 R,
IHER1%A A3 v AT BEEELT - 722
E I NI ENIEE ORKIEE X B TR SRS 21T
v, B e ot T U v AEER, EENEECHEL
Too EIEEE T HUMCHRESFMROBEE L vER
NEECOHBEITARE L LT DDV TIH,
Bodian-Otsuka ZE:2 it & 5 EHR Y5177 - 72 (Fig.
D.

3.1 Invive IZ&17 %5 DRG s EIZE
FAEZIFHIIC 1% 5% DRG #ifg% Matsuda and
Uehara OFEESHE 1w Lichins THIEL, F0OHEHE
Exkot-(Table 1), 37chb, 3 KL EDOEERYL -
7%k (multipolar cell), #58ER % L Rl
(spindle-shaped bipolar cell), B OMHIRE 7.5 <
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L4 ZRE R H T A 90 B L OXUE Al (eccentric
bulged bipolar cell), ~,uik-TZEkE % H-3HE 90
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A OER X b - BB (short-stem unipolar
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-stem unipolar cell) ® 6 #-tx 2% (Fig. 2).

DRG #lifaiz, Ba4 13~16 H T L& O
WT0% % Ty, LLIKBR4E 13, 14 ATt spindle
—-shaped bipolar cell (Fig.3a), % I 0% eccentric
bulged bipolar cell (Fig.3b) % { HBE L. B4
15, 16 H Tt bell-shaped bipolar cell (Figs. 3¢, d)
& BG4 16, 17 B o n, BEEMIA (short- and
long-stem unipolar cells, Figs. 3e, ) o#maiL s
N, B 18~20 BTz 0% U L BB TH 5.
FREE 1 HOFEFIB LTI, 138 A X2 BEM
JTH B, FRb TS ROIEMEA D 5
H, ORI IEEBILLSTET LTy, SiiE
2T, SEOERTIEE 13 BichThicns
NI TERUBORIATIED LR ik -,
3:2 Invitro %17 % DRG {Ela &z

AL o DRG filas + ) 7o v ToBHER &
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LT 2 B LIIC g R U, MifmisRkg a7 L Tw
%(Figs. 4a, b). #5%& 4~6 BERE, M1 LEUR
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Table 1 Percentages of cell types at successive stages of development in rat DRG.

Nage(day) Embryonal Postnatal
Cell type 13 14 15 16 17 18 19 20 1
Multipolar 0.6 - - - - — - - -
« 2
Spindle-shaped bipolar 18.7 4.3 3.4 - 1.8 - — — —
( 64) 12 ¢ & ¢ 5 '
Eccentric bulged bipolar 43.9 41.5 33.3 20.0 13.1 0.9 2.7 — -
(150) a1n ( 59 ( 66) (36 « 3 )
Bell-shaped bipolar 26.9 33.0 42.5 45.9 20.1 9.1 4.6 7.3 4.8
) C92) 93 7% (151 ( 55 29 C1m (16 (1D
Short-stem unipolar 6.7 10.6 6.8 13.1 16.8 12.7 12.3 11.0 12.8
23 C 30) 12 (43 C 46 C 40) 2D (24 €30
Long-stem unipolar 3.2 10.6 14.1 21.0 48.2 77.3 80.4 81.8 82.4
(1D 30 (25 (@), (132) (246) (176) 178 (195)
(n) : counted number (342) (282) am (329 Q74 (318) 219 218 (236)
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Multipolar

/%\\
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Eccentric bulged bipolar, angle
of two processes is more than 90°

d
{
Short-stem unipolar, stem process
is shorter than the cell diameter.

FLBEER 3

Spindle-shaped bipolar

A

Bell-shaped bipolar, angle of
two processes is less than 90\

I

Long~-stem unipolar, stem process
is longer than the cell diameter.

Fig. 2 Types of rat DRG cells at successive stages (by Matsuda and Uehara').

ERFfoRViflai et CHERELE:
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EXBICMITL, B 24 BRI, Mgk cRik
@ network 3> B D% L Adbhi(Fig. 4). %
fo 2 ROREE OB TR, Migdomikg, 5B
#£ 6 B¥fi <11 spindle-shaped bipolar cell (Fig. 5a)
Th DA, 20 BEL# i i1 eccentric bulged bipolar
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bipolar cell (Fig.5¢c) Th 5 = & #BET 5 Z LT
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Fig. 3

Scanning electron micrographs of developing cell types of rat DRG cells in vivo. Each inset photo-
graph is phase contrast micrograph corresponding to the scanning electron micrograph. a: Spindle
~shaped bipolar cell; b: Eccentric bulged bipolar cell; c: Bell-shaped bipolar cell; d: Bell-shaped
bipolar cell prior to becoming unipolar cell ; e: Short-stem unipolar cell ; f: Long-stem unipolar
cell. a-f x2,700 (Inset x450).
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Fig. 4 Developing process of dissociated DRG cells in early stages of culture. a: Phase contrast micro-
graph at the beginning of culture. Some of the cell processes are observable. x450. b: 2h culture.
Cell processes disappear at this stage. x450. c: 24h culture. Cultured cells protrude two or more
processes and make process-network. x330. d: Micrograph of specimen ¢ observed by scanning
electron microscope. x350. e: Enlarged scanning electron microscopic view of d. x3,000.
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Fig. 5 Scanning electron micrographs of dissociated DRG cells in culture. Each inset photograph is phase
contrast micrograph corresponding to the scanning electron micrograph. a: 6h culture. Spindle
-shaped bipolar cell; b: 20h culture. Eccentric bulged bipolar cell; c: 24h culture. Bell-shaped
bipolar cell. a-c x2,800 (Insets x450).
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Fig. 6 Photomicrographs of silver-impregnated long-term (27-day) culture cells. a: Short-stem unipolar
cell whose process consisted of cell body elongation; b: Short-stem unipolar cell; c: Long-stem
unipolar cell; d: Eccentric bulged bipolar cell; e: Bell-shaped bipolar cell ; f: Multipolar cell. a
-f x600.
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T 2 A0 H USRI, FoZREN R4
W3 E~NAROBBHNL & 7o 702y, FRLEIR
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