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Morphologic and Morphometric Studies of the Development of Peripheral
Nerves from Mice

Shigeko Fushimi, Yasuto Higashi, Teruo Shirabe and Seizaburo Arita*

The development of the dorsal root nerve fibers of 0-, 20—, 50—, 90-day-old
mice were investigated morphologically and morphometrically.

Morphologic studies demonstrated that only a few myelinated nerve fibers
were present at birth. In 50-day-old mice, mature myelinated nerve fibers and
maturation of unmyelinated nerve fiber bundles were observed.

For quantitative analysis, the total number of myelinated nerve fibers was
counted at each age. The area of the axis cylinder, its circumference, and the

long and short diameters were measured, and the number of lamellae were
counted on transverse electron microscopic sections.

Morphometric studies indicated that the area of the axis cylinder had a ten-
dency to increase until the age of 50 days. The number of lamellae had a ten-
dency to increase until the age of 90 days. The relationship between the number
of myelin lamellae and the area of the axis cylinder indicated a tendency toward
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linearity in 20- and 50-day-old mice. At 90 days old, it gave a sigmoid curve

which showed a tendency toward saturation.

From these results, it is suggested that maturation of the dorsal root nerve

fibers occurred at 90 days old. The correlation between the area of the axis

cylinder and the number of lamellae seemed to be better for evaluating the

development of the peripheral nerves. (Accepted on July 4, 1988) Kawasaki Igakkaishi

14(4) : 530—538, 1988
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Fig. 1. Low magnification electron micrographs showing whole cross

sections of the dorsal root nerve fibers of 0-(a), 20-(b), 50-(¢),
90-day-old (d) mice, respectively (x270).
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Fig. 2. Electron micrographs of the dorsal root nerve fibers. (2) A bundle of unmyelinated
nerve fibers is surrounded by the cytoplasm of a single Schwann cell. A mitotic
Schwann cell is observed (0-day-old, x8,400). (b) The cytoplasm of a Schwann cell is
electron dense and contains highly active rough endoplasmic reticulum (ER), free
ribosomes and mitochondria. Some free axons are also observed (0-day-old, % 12,000).
(e) The cytoplasm of a Schwann cell contains many rough ER, polysomes and mito-
chondria. Many unmyelinated nerve fibers surrounded by a Schwann cell are found
(20-day-old, x12,000). (d) The axon of a heavily myelinated nerve fiter contains many
neurofilaments and microtubules. The individual isolation of unmyelinated axons in
the cytoplasm of a Schwann cell is seen (90-day-old, x12,000).
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Table 1. Morphometric measurement of myelinated nerve fibers on electron
microscopic sections.
Day 0 20 50 90
No. of total myelinated fibers 7.7+6.4 993.0+£23.1 1011.3+£184.9 | 1062.3+83.4
No. of myelin lamellae 5.35+3.16 26.22+12.83 34.26+16.30 39.50+18.85
Area of axis cylinder (pm?) 2.79+£2.31 3.39+£3.28 4.94+5.36 5.83+6.45
Loge Area 0.62+0.83 0.81+0.91 1.12+£0.97 1.27£1.00
Circumference (um) 5.61+2.48 6.64+3.25 7.83+£3.96 8.6014.56
Long diameter (um) 1.9340.87 2.52+1.25 2.9141.41 3.22+1.68
Short diameter (um) 1.72%0.81 1.46+0.78 1.80+1.11 1.86+1.09
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Fig. 3. Histogram of the area of the axis

cylinder. The curve in the histogram
shows a log curve (90-day-old).
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Fig. 4. Histograms of the number of
myelin lamellae (20-, 50—, 90-day-old).
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Fig. 5. Relationship between the number
of lamellae and the area of the axis
cylinder (20-, 50-, 90-day-old).

<~y A AWIcAEIOERTIE, 0 BRICE
WL, KEBSD R L R L T B,
Schwann i@l & h To7o\ BRSO FFEL
fo. COWEHEL T AR T B EELH
LTI, AIEEMEE L C, Schwann jifa
DR X TMNELT 28R dh b, 106
FERHEHA TR, Tk, BERADIEL T
CTCETCBIENELZLBLNS.

RN RE VIR TR, 1EOHEN 1
fl> Schwann fifaiclEh T\ 7. £DX 5
TeERRTCIL, BEMA TR T D RIBME OB B



536 NI B 2 4 3K

Shic. HHEERY 10 BL LR T 2% BHEER
LARDONI. ERFEAZFHA TWA Schwann
MR, BROZEGLEE D Schwann fifg
HEYHOCEERELEEGLBE IR,

ZDX 510 BT, JERICRILBRE D
DEEATURBALS O A DET AR L T i,
F DRMEHIRD F BB O\ T, Webster
bR ETFMEL T LREOBEBE D Z 23K
ERCTLBE IR

FAERMDF » FXRE LN AR S B
T, 4% 3 HEYT 1225 3 BOBMER O
NBZEIR TN 5,119 Ll Reier B o
EBRTOLREINB X SIT, v~V ADHFERTIZ
BRI RBE D/ A A B, Schwann #ifa
& D] 1DBRA FEL L Ic R FAEL,
BECBEMTERLO BRIAL T B 2 e b, =7 A
X7y b XD HERORERBIIEATH D L
Exixbhl. ¥f, Reler 5 3~y 2ADHBE
R T 1 @D Schwann g EhREEs His &
WEL TR, bhbhOBEX h—BHEAK
FELRL T DA, TS REEOEEC
Lo THREBRMBIEND BIDTHH 5 b
nic.

HHEMEC B3\ T, 20HE © B#% TR
L T\ % Schwann #ifao #ifaE ci3Hm /M a
BN RBEL, VAYV—4, I+avFY)7%
BECER, BBUEPROLDD BEEEEN X
MATH B Z ED 5 pbibhic, S0HENCT: %
L, Schwann MifgoME T/ &b, 50
Rl &L 0HERTIX, RN ALILIcd » .

BEMRIC B\ TIE, 20AEATIE, BEREER
Schwann ffifa 28 Ok ¥ & L THATWL
7o. SOHEETIL, {4 DlizRAY Schwann ifiy
DHfAE CHEh, %4 mesaxon & o T\
fo. 2D EMD, 50H F T BRI
T5EEZ bR, Reler bW ¥, %300
¢ Schwann a0 faE B £ T\ B EE
MNEEET S (BRI SHEL TED, bhb
hOEERL FFeHERE R

SEI DM EENBENLD, < v ADFHEE
MHET, AERTCEIMIUB R BAtAL, ER L
FRORFRR Schwann fifaD B4 5035 &6

(BBl14% 45 1988

X# b, 508 F CIRILIZITRABECET S
LEz bR

K, WREETEBTOBENDEET 5.

T fEEHRARAT DR DA % 5 IR,
mE AR £ ERX J8RY, RO (X+
Y)/2, XY, Log X, Log Y, Log (X+Y)/2,
LogyX Y, 7 ENBITFHh 5.

BAL® X, FAEMERORIL, RMEE
AL, BRGEWEREBEY L TR, %
7o, IEEMREORIIIEMEICIT W EEER L T
% e DIEH SR, FEER AR O—HRE ST
HIEXTERVWERELT WS, bhbh
X, BREEOEEL L C, WREOKREXX
WEBROAN#EY L2, 4E, #ROEBEIC
WHL. %, £ HEBOERER DML
KIERD AR L Ioicd, EEONBEBED
SFHE TR L 7-. )

20, 50, 90 H D> &5k EAE & HLEciad 3
% &, S0HFTH (p<0.01) F 5238, 50H
LIOH TR EEEZIRD bR 7. Samo-
rajski'® (%, <= AREMET, BROBELL
A X THEIAD S EWMEL T %, S
BRI LICEAREELERTIE, S0HE0HTIEE
BEND D (p<0.05), WA Hotcd vz
5. @z, HEPERRCTS L, HHE
WI50H E CAREAFKEEY LY, TOHKOAET
BRI EY T D EEZ DRI

BRSO REDIRE L L CHMER O S\
THE L. 0 BB TIOELL Lo MENRA
BLTWa30035 0, BAECRs - CBICH
TR, BBl Wb EELLR. 0HE
Bzt dic & B90H F TIREMER ORI
L, BURAMEET\7e. BESSEHR OB DS
oWk, Friede BV 13~ 2D &5k
B L REME C—BMEEY, Sima® 1z 5., D
BARMHR C A WS L T 5, SEIO <
¥ A BRI Tl —I& M xS 7.

BROKRE I LHBBROB LML TEX
% &, SEIOFERTE - CHiMR T E T
ROREN R, EnTHBPEN BhE -
o, EHEREBAEIT L DICREL, MBRORDIL
KIZB0ETIZES T b~ FEL oS, BEEpE



BREIEH 1~ ¥ 2K RESERRIC S B, TR BT 537

WIXORICES ¥ CEI LWL G 7. S0
i, EBRERCITEIER L BB S B he
2%, WROERE, fEROKD TR EhE K
PR L L A ERREDRFTH D
ZERTRB I NI,

RO K E I LEIHDIE X & DA BIRICD
WTEEBECE S OGRS D, FIBEROHK
ITAHRARMEOEEIC X o Thie DBV H BD
LDD, —fRCHHIROENKE DT EHEH
BROBULL . FOHBABRICOWTIE,
BIBEGRS B 5 EHMET B LDV L, HAIBR
N ET B DO N5, 2T 4SEB
bR, SR OmER & B SR O F D HEBESES
AN, TOER, 20, S0HE TIXiEE
b oo T EAREDOEA %, 90 B i ClLR R
FELIL 7o SFERIE A /R L 7. 20 H i CLX iR
DAV S BEEEIR DB D D7\ KRBV By
aRU7chy, HEbE & b CREAEN AT
BITL TCOWEOEBMTIES 7 F —ZiT L, &
BB EL T 5 EBbhi. Lal, 4

X

@390 H AR A 3T L TuFo s fedd, 0HERT
FTECHEAMLICLIEEEhil, ZOoHLK
REb Tk & Bbhk.

Berthold &1 %, RHMHEDREIZOWT
FEREOHEIBIGR LY * = THEL TR h, n=C,
+C,d+C, Log (d) (n: Bas8@BHR O, d: ik
DER) L\ 5 EMRERNBEIR ARG L MT
FH L T\ 5. Hildebrand »'® 131ff « D&y
% F > TR CRIER D AHBIBEMR & R L Tu
50, SVATHERITHS L REL T
%. Hildebrand 5'® (3#ih5R DE L L BB
D CHBIBAREZFHTE D, bhbh s DM
BT HPR AR & R DOE LS X bk, #
ALCHEEOHEELERDENCLISL0L L
Ez bhi.

DEX b, HHEAHREOER OEBE & 564 EiK
DEH T L 7o HBIBIR IR AR e RE A RH
THEEZLRDDT, RHEMHREDIER LY
S % £ T BR) o IEE TV E BbR
5.

ik

1) Friede, R. L. and Samorajski, T.: Relation between the number of myelin lamellae and
axon circumference in fiters of vagus and sciatic nerves of mice. J. comp. Neurol. 130 :
223—-232, 1967

2) Friede, R. L. and Samorajski, T.: Myelin formation in the sciatic nerve of the rat. A
quantitative electron microscopic, histochemical and radioautographic study. J. Neuropathol.
exp. Neurol. 27 : 546—570, 1968

3) Williams, P. L. and Wendell-Smith, C. P.: Some additional parametric variations between
peripheral nerve fibre populations. J. Anat. 109 : 505—526, 1971

4) Friede, R.L.: Control of myelin formation by axon caliber. (With a model of the control
mechanism.) J. comp. Neurol. 144 : 233—252, 1972

5) Schréoder, J. M.: Altered ratio between axon diameter and myelin sheath thickness in
regenerated nerve fibers. Brain Res. 45:49—65, 1972 »

6) Sima, A.: Relation between the number of myelin lamellae and axon circumference in
fibres of ventral and dorsal roots and optic nerve in normal, undernourished, and rehabil-
itated rats. Acta Physiol. Scand. 410:1-—38, 1974 ’

7) Berthold, C. -H. and Carlstedt, T.: Observations on the morphology at the transition bet-
ween the peripheral and the central nervous system in the cat. Acta Physiol. Scand. 446 :
43—60, 1977

8) Stanmore, A., Bradbury, S. and Weddell, A. G.M.: A quantitative study of peripheral nerve
fibres in the mouse following the administration of drugs. 1. Age changes in untreated
CBA mice from 3 to 21 months of age. J. Anat. 127 : 101—115, 1978




538 Nk B £ 5 (El4E H45 1988

9) Arbuthnott, E.R., Boyd, I. A. and Kalu, K. U.: Ultrastructural dimensions of myelinated
peripheral nerve fibres in the cat and their relation to conduction velocity. J. Physiol.
308 : 125—157, 1980

10) Berthold, C. -H., Nilsson, . and Rydmark, M.: Axon diameter and myelin sheath thickness
in nerve fibres of the ventral spinal root of the seventh lumbar nerve of the adult and
developing cat. J. Anat. 136 : 483—508, 1983

11) Peters, A. and Muir, A. R.: The relationship between axons and Schwann cells during
development of peripheral nerves in the rat. Q.J. exp. Physiol. 44 : 117—130, 1959

12) Allt, G.: Ultrastructural features of the immature peripheral nerve. J. Anat. 105 : 283—293,
1969

13) Webster, H. deF.: The geometry of peripheral myelin sheaths during their formation and
growth in rat sciatic nerves. J. Cell Biol. 48 : 348—367, 1971

14) Reier, P. J. and Hughes, A.F.: An effect of neonatal radiothyroidectomy upon nonmyehnated
axons and associated Schwann cells during maturation of the mouse sciatic nerve. Brain
Res. 41:263—282, 1972

15) Webster, H. deF., Martin, J. R. and O’Connell, M. F.: The relationships between interphase
Schwann cells and axons before myelination: A quantitative electron microscopic study.
Dev. Biol. 32 : 401—416, 1973

16) BABT, HAZKE, BTER BEE=, B H0: FHMBROFHER L FEHERC LY, WRT
IREERHET 570, NIKESSE 10 : 349—360, 1984

17) Samorajski, T.: Age differences in the morphology of posterior tibial nerves of mice. J.
comp. Neurol. 157 : 439—452, 1974

18) Hildebrand, C. and Hahn, R.: Relation between myelin sheath thickness and axon size in
spinal cord white matter of some vertebrate species. J. neurol. Sci. 38 : 421—434, 1978



