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Fig. 3. Percentage Histogram of 492 Action poten.
tials from Gastrocnemius in normal adult mice
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Tabl. 2. EMG findings in mice infected with Coxsackie virus & Polio virus
Interference ?ﬁ::a&zd Electrical L. A
i e el . NMU |S. Voll. | Total
a 8 S
voltage NMU volt, silence Volt.
No. of muscles, 18 48 33 37 0 136
C. V. infected (13.2%) (35.3) (24.3) (27.2) (100%)
No. of muscles, 14 79 56 2 40 191
P. V. infected. (7.3%) (41.3) (29.3) a.n (20.9) (100%)

L A. NMU V. : Low amplitude NMU voltage
S. Volt. : Synchronization voltage

0.5mV. DIF o#Eeki oo Hyiegy%g L. A. NMU V.
XBUL. LbE ZHMBY T LA NMU V
BHENBRCRBEL, T8 (interference) |0
DR RL T,

E5BiZ C V. A BHI9%+ Bk & S T I HElE
Li-#EE% 3 HOME <Y 2 (E%l4H) OHEX
TH5H, B TOHIEMIT interference ¥ 2T 3
L.ANMU V. %%, RERCZO<Y RRPE
B Weakness OIRAET, HbHFHE S EIZLIIL,
FERIC L @D b EBTFARBE T, 3{HT<LF
DTTHRETH O, ULOFRBTHEEXEL
7-HRIESE LA NMU V. #RUL7-80DThAB.

C.V. EE~ Y A CI3/OBE L A NMUV.
131308 B78) KD OLNIDIE L, 8. Volt. (&

BB b O, 2% LA NMU V. OR
BRAY C V. RBICHE, HEH% OBRBCE
RTBEEIERDBENTH D, AL L.ANMU V.
Ui THBEY Ty ABEAKEE R < v X18
PRI 9 T (50%), :iEMEREO 4P 2L (50%),
RUMAHEREDIOT A 2 L (20%) THok. &
CHEARK, ML RK4«BEEL R Y XOR,

L. A.NMU V. O%H v v ¥R % ORRIZEE
WCHES TS SRR R 7o, FREAKER (8
WETEEOSD) O L.A NMU V. =7 2D
B Hd 5 LA NMU V. BEHROESE
IEEREL 2 HI1325.0% ThH D7t HORBEE
Hiemn L EE%K4ETREN.BE Lok, BB
L. A.NMU V. #5955, BEEGOBEZERLHE

Tabl. 3. Incidence of Low Amplitude NMU Voltage in mice infected
with Coxsackie Virus strains
L. A. NMU Voltage
Route of | Days after Mouse Muscle
. lati . lati No. of No. of 8. Volt.
Strain inocufation  Inoculation incidence % incidence %
No. experimented No. experim. ¥
intra- 2 0/2 0 0/0 0 0
peritoneal 5 3/3 100 9/12 75 0
Okumoto 2 1/3 33.3 1/4 25 0
(C.V. A gr
2 typ.) 3 3/6 50 10/13 76.9 0
subcutan 4 2/4 50 7/8 87.5 0
Total 9/18 50 27/37 72.9 0
1/1 100 4/4 100 0
Dohi
(C.V. A gr. subcutan 1/3 33.3 3/4 75 0
19 typ.)
Total 2/4 50 7/8 87.5 0
S . 3 0/3 0 0/0 0 0
argai
. V. g;B gr. subcutan 4 2/1 28.5 3/9 33.3 0
1 typ.)
Total 2/10 20 3/9 33.3 0

* No. of muscles experimented in the mice demonstrated L. A. NMU V,




3658 w H

2, ==y 2RTHBNT 2EMREHONID
THD.

Lyad2% LANMU V. 3%4, 5RO
TYle 29755 ONLIKANE,A DI, »h BT
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NFEWTIE T O Pattern ML B BITIESTPL
HEAREN b,
2) P.V. EHp#H~ Y 2OHEN

PV, REEL Y ROBHBRIO—H % B
AT LEEE, M7, BESPOBHTHL, F6H
X P.V. 1% Mahoney ¥kAHEIMEAICIEAL 28
HH2HOLOTH S, BAWHFEIIME, Bk
17 BRI A B, Weakness & HEipifih Otz
Z OB ERN ZAIEH T2 Complete S. V. %
RUED, PERHTRERRE T ROIUTHILL,
oD, BRMOBEMMAED DN TEFTF
Grouping KE Pattern 23 LA D T AMAY EDH .

HIRE P.V.IRD Lansing EHEK IS
BBy 2OMEBMTH S, BEKRKOTY R
BEULBLRZEL, BCroMERERBICERT

a0 M

7z, ORI £ — WY i Complete S. V.
RL, ATHEEHEOBTClE Normal NMU
Volt. ORBESBD L T/,

# 83 P. V. WA Leon WIEMK2H% K~
v ZADMHERTH 5. HBER< Y 2O LES
3¢, PERULBSHTLAETE D, TOHE
X & % 96065 T (3 Interference Volt. [T 25,
Zi3 L PEHD (0.7mV. §1i%) ONormal NMU V.
AREICHBU, Bk 2FRBHBHO—Bic
S.V. OEBXAR1:ETHD, 8. V. MNiMHicR
FLEDII P V. #Hivy 20 R DT Y 2—F
THhot:,

TEAMO P.V. Elivy A @b bR 8.V,
Eor L. A NMU V. ORBRAEELEIET 3L, 8
4FEOENICIE S, b 8. V. (2 Lansing FR#E
T322pech120t (54.5%), Mahoney FRT(314pL
6L (42.8%), Leon ¥ETIZ9PLh 2T (22.2%)
THO-olzxd L, LA NMU V. |3 Lansing ¥
D1 (4.5%) 12380 B ICDICBRERID
72, MEC Lansing BRERE 7 2D Ecd 3

ot FMREGEEHKOMERIPEECADLN S.V. ORE~ Y ARBOESERK S. V. B~
Tabl. 4. Incidence of S. Voltage & T. A. NMU V. in mice infected
with Polio Virus strains
izati L. A U V.
Days after Synchronization Voltage A. NM
. . Mouse Muscle Mouse
intraspinal No. of No. of No. of
Strain inoculation incidence % incidence % incidence
No. experimented No. experim. * No. experimented
2 1/5 20 2/5 40 0/5
3 1/4 25 2/5 40 0/4
Lansing 4 6/9 66.6 13/25 52 1/9
5 3/4 75 9/14 64.2 1/4 (2/4)
Total 12/22 54.5 26/49 53.1 1/22
2 5/8 62.5 8/23 34.7 0/8
3 0/3 0 0/0 0 0/3
Mahoney 4 1/3 33.3 3/5 60 0/3
Total ‘ 6/14 42.8 11/28 39.3 0/14
2 1/4 25 2/5 40 0/4
3 1/3 33.3 1/5 20 |- 0/3
Leon 6 0/2 0 0/0 0 0/2
Total | 2/9 2.2 3/10 30 0/9

* No. of muscles experimented in the mice demonstrated Synchr. voltage.

No. of muscles demonstrated L. A. NMU voltage

«

No. of muscles exprimented in the mice demonstrated L. A, NMU. V.



3659

X7V - Nv—EREE 2T 5 SRIEMBREOHRRFHIHT

a[osnuwt [B)S00I83U]

008 /1

3391 48

uyoetq sdeorg W

uotysnoout jeurdsBIjur

193§e shep g ‘ursi)s Leuoymly SNIIA OI[0g YIIM pajdajul esnowr uy YWY 9 Sig



SNIWRUI0I}8BY) A

095 Z/| e———

1391

nyoeiq sdeorlg ‘W

‘uorye[noouf [eutdssijur Je3ye

sfep ¢ ‘ulerys Sursue] snirp oifod YHA pajoajul asnowr ut HWHE

3



3661

¥T YV« AV —ERRE 2T 5 S REMRIRI O BRI AT

o[osnuW Je}s00IuUY

098 Z/1

AT

3391

nyoeiq sdeorg ‘|

uorje[noour eurdserjuy Iagje

sfep g ‘urBIls U0 SNJATA OI[od IIM Pajodjur asnow nl HNH

‘g 3rg

S



3662 *® ®

U ADBHEHm BRI T3 S V. REBBOES
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Fig.9. Percentage histogram of Action potentials
Duration Amplitude
(a) Y% %
: . a0} w0 [
C. V.A. group % 128£0.3 M sec.(mean value) 01 |i[1s54210.6,uv
F:o i
infant (Okumoto St.) 4 14.6920.36(meanvaiue of normal i[1245527.36(mean value ot mormar
20F | 1 infantmice)20} |1 intant mice
1 1]
234 Action potent. 1017 |} : 01 i
Mouse ) He L
0 TS 15 mSec O 1909 7500 MY
1 + B
P.V. I Type. 15.2411.03 !,321.2:208
1 Ve
d L}
adult (Lansing St.) F' H E
1]
] i
28 Eh_ﬂﬂ__ I ;l‘:_‘_}—h_:—_ S,,:hw
" H 4 2000
(b) '5.1220.41 mean value of normal 125232813 rmean value of normal
aduit mice) aduit mice)
‘ (Gi.B. 5 years ‘681025 25392147
- E | }rh .
. ; :
Patient. | i1y 0 e ff—o=
1
H.M. 2 years 9711034 [ i3558x3s.t
103 :
Ml—. —— ; - O
S 15 } 500 1000 172000

ICERL, - TERREEESSE v v RCEEMKE
ABOHEAERL . KL WAREESHE -9 2D
TEBERL O T 1 ¥ FiRE 2.840.13 msec T
b, EESE v XDk (4.69+0.36 msec) L
DINTHBDIZR L, Lansing #EERHR <7 2
DF:135.24+0.103 msec T, EHHRATYT ZADHE

(5.124+0.106 msec) kL hkCH otz Ir—HED
OFEE (FEFE N HE) BRI B ARRERENE
Y AT(1155.1=10.8 uV. TEFHBE =T AD
F (245.427.36 V) L D/NTHBZDIERL,

Lansing SR # <7 2 OEHE L} HIZ, 327.2
+20.8p4V. THOIEHERHM v~V ROK (252.3+

Tabl. 5. Action potential parameters in infant mice infected with
OKUMOTO strain &. in normal infant mice
Duration (m see.) Amplitude (uV)
Mo~Mn Mo~Mn
n M a m e —— M 4 m R ——
Vv ma? -+ my2 /' me2+ m,?2
(Mo) (m.)
0.1. 234, 2.8, 2.09, 0.13 155.1, 164.1, 10.8
- 4.9 6.9
(Mn) (mun)
N.IL 374, 4.69, 7.09, 0.36 245.5, 140.5, 7.36

0O.1. : Infant mice infected with Okumoto Strain.

n - No. of action potentials

# : Standard deviation

N.L

M. mean value

: nomal infant mice

m : standard error
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Tabl. 6.

Action potential parameters in adult mice infected with

Lansing strain & in normal adult mice

Duration (m sec.) Amplitude (uV)
Ml~Mn Ml~Mn
n M o m P ———— M 4 m R
Vmi2+m,? V/m?+mn?
L. A. 278, 5.24, 1.7, 0.10 327.2, 346.1, 20.8
3.3
N. A, 492, 5.12, 2.4, 0.11 252.3, 180.2, 8.13

L. A. : Adult mice infected Lansing strain.

8.13uV) X W RCHDI. ZEEEHEY HEtE
BIiC A3 E85, LOFRCRINLEITHS., B
t Lansing REHERA I RELEERRA I XD
EHEREROMICEEOERBD BRI,
{EORFER R E v HMEOEBEOMICII R4 H
BOERBEDHDONI,

v = %

TANZRERL, <7 A0BBERET 5,
REMBTTEE » THE,

BLEW 3, E¥~v 20 HBRICT, MBS
¢, FWHER % &> 8. V. B D Single oscillation
BRRIL, ZRUTEHOHERMRICERY AN
1o 5, BICHEERD 25, 225 AR IHPORE
K& BB E OEAIc X b EAHFY, EERIICGE
BAL 7z, DA Z % Contact Voltage EIEFRL Tl
5. BRFHERICNT, ER <Y A0HBRIYK
L, D Contact Volt. OEFEEXEY, =& S.V.
EoEMEICHER S, 2 { T Contact
Voltae {FER XA dUE, B#A vel, =7 A
OB AR DORE el L RESOIHTL 72,
#oT, AHOBBRIFIZENT, BRI~
v 2AOH BN R T A2, FFESNIOLE
25.

Buchthald®) |3fih# A } a7 4 —, Toxoplasmosis
Tk 2RI S FEGHRF, ECHAEKOB
BRI RO A R BIE T, WA OBEE
| OBHHEBMECICED GEHE) 3, EEH
®oi, BEEEFEHOEHBMICEEL, K4
BYL, BH%®D Pattern 73F 8 interference [T
b5 BEREKL, A Wohlfartd ¥ HREHR
% myogenic atrophy KB OF R EBH T
3. BE BRLUED 1 2S0HREREL, &

N. A. : Normal abult mice

0.5mV. DT, #HFHikE2 ~ 8 msec DIREMIES
L. A.NMU V. (i i3 myogenic atrophy Voltage)
LRRL, holMNKE o, FEMIZES LS
<, ORFEHEDOFRIBEHRELRTEOL
L.

AT CIIHm% LANMUY. BACV.A B
(BAKGROTEK) ZEMEL K~V 20D 50%(T,
R BE (I DOHKICRALDIKKL, PV
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Electromyographic Studies on Polyradiculoneuritis with
Guillain-Barrés Syndrome

Part 2.
infected with Coxsackie Virus and Polio Virus, especially
on Low Amplitude NMU Voltage and
Synchronization Voltage

Experimental Studies on the Electromyography of Mice

By
Tadao YODA

Department of Pediatrics Okayama University Medical School
(Director : Prof. Eiji Hamamoto)

With a view to pursue the mechanism eliciting low amplitude NMU voltage (L. A. NMU
V.) and synchronization voltage (S. V.) which have a great significance in the electromyo-
grams of Guillain-Barrés syndrome (G. B. 8.) and paralytic poliomyelitis and also to find
out clues for the etiologic factor of G. B. the author performed the follwing experiments.
Namely, inducing disease with the inoculation of agents isolated from infants with Guillain-
Barrés syndrome, such as coxsackie virus of A group type 2, Okumoto strain, the same type
19 Dohi strain and B group type 1 Saragai strain which mainly induce myositis, into young
mice 15 days old, and also infecting polio virus type I (Mahoney strain), type II (Lansing
strain), or type 11l (mouse adapted Leon strain) into mature mice, the author compared the
electromyograms from m. bicepus brachii, m. gastrocnemius, and intercostul muscle of these
mice, and obtained the following results.

The test materials were 136 muscles from 32 young mice injected with coxackie virus
(C. V.) and 191 muscles from 45 mature mice injected with polio virus (P. V).

1. It has been verified that the electromyograms of normal young and mature mice,
generally do not differ greatly from those of human with the exception of contact voltage,
proving electromyographic experiments of mice are possible. In measuring the duration and
amplitude of 374 and 492 action potentials of normal young mice and mature mice, and in
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the percentage histograms of each, the average duration has been found to be 4.69+0.36
m. sec. in young mice, while 51240.11 m.sec. in mature mice; and the average amplitude
to be 21£547.36 uv and 2523 2813 sev, respectively. In other words, both the average
duration and amplitude are greater in mature mice than those in voung ones.

2. L. A, NMU voltage has been recognized in 50 per cent of the mice injected with
C. V. \.group strain, in 20 per cent of the mice infected wtih (. V. B-group strain, and
in 27.2 per cent of total muscles examined, while on the contrary, in the mice infected
with P. V. it has been found only in one mouse out of the twenty-two infected with
Lansing strain and in 1.1 per cent of all muscles infected with P.V.. Conversely, synchro-
nization voltage has been recognized in the mice infected with P. V. type I, II, or III in
42.8, 54.5, and 22.2 per cent of respective group, and in 20.9 per cent of entire muscles
examined, while S, V. can not at all be recognized in the mice infected with C. V,

From these results it has been experimentally proven that L. A. NMU voltage is the
abnormal electromyogram appearing mainly in the case of muscular disturbances, while S. V.
is that appearing chiefly by lesions of the anterior horn of the spine.

. The incidence of L. .\. NMU V. observed in the young mice infected with Okumoto
strain and that of S. voltage observed in the mature mice infected with Lansing strain both
show a tendency to Increase with the lapse of time.

4. The percentage histograms of the duration and amplitude of 234 action potentials
obtained from young mice infected with Okumoto strain show a greater tendency of the shift
to left than respective oncs observed in the normal young mice: their average values (2.8+
0.13 m.scc. and 15512108 s, respectively) arve both smaller than those in normal young
mice. And the differences in the average values of duration and amplitude are both statisti-
cally significant.

5. The percentage histograms of the duration and amplitude of 278 action potentials
obtained from the mature mice infected with Lansing strain show a greater tendency of the
shift to right than those of normal mature mice; and their average values (5 24+0.10 m. sec.
and 327.2::20.8 sev, respectively) are both greater than those in normal mature mice. Howe-
ver, the difference in the average values of the duration is not statistically significant.

6. The pattern of L. A. NMU V. observed immediately after the crisis in C. V.
infected mice often presents relatively interfering pattern, but it turns scanty with the lapse
of time. From this fact it is assumed that the pathologic changes in nerve fibers are formed
secondly.

7. In contrast to the opinion that the low amplitnde NMU voltage appears in neurogenic
atrophy as well as in myogenic atrophy, the author has verified that it mainly appears in
myogenic atrophy. Furthermore, the author would put an especial emphasis on the fact that
in the differentiation of myogenic atrophy and neurogenic atrophy not only numbers of fre-
quenies of discharges but also the fluctuations in the duration should be taken into con-
sideration.

8. From electromyographic findings obtained in the above-mentioned experiments and
from those findings in G. B. syndrome reporterd previously in Part 1, it has been confirmed
that Guillain-Barrés syndrome is the disease accompanied by pathologic changes in muscles
and the anterior horn of the spine.




