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Analysis of Grouping Discharge on Cold Shivering of Rabbits*

Nobu OBwWATARI, Mitsuo Kosaka, Katsuhiko TsucHiva, Takaakira INoMOTO, Masayuki
Konpo, and Kazumasa YamacucHI, (Department of Epidemiology and Environmental
Physiology, Institute for Tropical Medicine, Nagasaki University)

Abstract : In an environmental control chamber, cold shivering was evoked by general
cooling of the skin in intact and unanesthetized rabbits.

By using a basic computer ATAC 450, those cold induced motor activities were
measured and analyzed with respect to occurrence, frequency and duration of grouping
discharge in the electromyogram (EMG) of the upper arm (M. Triceps brachii) and the
lumbar dorsal trunk muscles (M. Lumbo-dorsalis).

Mean frequency of grouping discharge in EMG (M. Triceps brachii) during cold
shivering was 22.5 ¢/s under the condition that the interval of consecutive two pulses
was less than 20 msec. And the duration of grouping discharge ranged between 10 msec
and 40 msec under the same condition of the interval of two pulses. If the interval was
less than 5 msec, the duration of grouping discharge was narrow, between 1 msec and
4 msec. These results indicate that the range of frequency and duration of grouping
discharge in EMG of cold shivering is identical with that in EMG of cold tremor
induced by selective cooling of the spinal cord in intact and in spinal rabbits.

These findings offer the conclusion that rhythm of cold shivering originates in the
areas of the motoneuron pools in the spinal cord.

Further central mechanism of occurrence of grouping discharge and thermoregulatory
significance of grouping discharge during cold shivering was discussed in this investiga-

tion.
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Fig. 1. Block diagram of measurment and
analysis for electromyogram.
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Fig. 2. Transformed stages of electromyogram.
A Electromyogram of M. Triceps
brachii
B: Added waves of positive components
in A and inversed A
C: Pulse waves of B
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Fig. 3. Typical grouping discharge during
moderate cold shivering in a rabbit.
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Fig. 4. Grouping discharge during intense cold
shivering in a rabbit.
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Fig. 5. Frequency of grouping discharge during
cold shivering under the condition that
the interval of consecutive two pulses is
less than 20msec.
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Fig. 6. Duration of grouping discharge during
cold shivering under the condition that
the interval of consecutive two pulses is
less than 20msec.
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Fig. 7. Duration of grouping discharge during
cold shivering under the condition that
the interval of consecutive two pulses
is less than 5msec.
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Frequency of Grouping Discharge

| . .
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Table 1. Frequency of grouping discharge
during cold shivering induced by
external and spinal cord cooling in
intact and in spinalized rabbit!?’.

7 GD @ duration (40msec) 7 5\ FEELL
16.6¢/s [1000msec/(40+20)msec] & FHH Xh,
Fig.50% 11& (15¢/s) wiifle /b, KA E L
TERINSVEMTHD.

BFhIKICHE L% Smsec LI F & UTHIGM
(20msec LAF) -¢f8 5t 7 one group © GD %
P A FT T 5 & duration time (3 & Bl
sMbdh, Fig. 7B &M A 77 2%
F AR D, ZHEBMERE A 1 2 B oo sk
R e, AL 2RI THOT VR =
S0 20msee BAF oo GD 3B HBL$ 5 5%
HER X 5. XHIC, one group DA ST ZEHE
BoehoREFRERIA R GD iR L
TurErAREEhS (Fig.7, 2.

@ptk, %555 2 HEN Eo GD o PHREH
ANEE SR E L, M—BRE T GD o ISR
B L RO W ERHRE PSR TR
n, =@ A (35.3¢/s), T v b (26.2¢/s), ETNLE
s b (24.3¢/s), wF (19.7¢/s), F = (16.1
c/s), 4 % (12.0c/s), v FDIEAS D 2 HEX L
o GD o EHREEHIL 9 ~1lc/s T, AEBRER
EX—HLTVS. Ebic, BASH2DGD o
SRR ERRS TS 5 Ic o TS5
A H 5 EREC IR DD, AERICEWT
L EBRIE T 5 s 0 .5 5 2 IR I 1)
5 GD o A BT 5% (Fig.5, 21D %
BTn5.

G 55 2 RN GD oMM Lo EE
X OB LT & oWmEN H 5.

65

Jung”iz k% &, © b OHEWEIREL tremor BN
oW T bFA—Flo A1 2 RE KR L Ux
b, WEES 2 21— HOR D E LoBHEKE GD
EWHTH LS. ZoFIATRO Fig.3ioRs
#1 M. Triceps brachii % X 08 M. Lumbo-dorsalis
I hEEEhGD 2 S T LA LTS
SLTWENnS. 2 oGD OB LTk
RoFre s oo fiEiEe NMU o5 fER
&, GD 124 < at random % by chance VR .
W50 Tixis <, 7= Jung® o\ 5 sliding
coordination X 5D TH RV, LA GD
DR LR BB T B RIS
BRS, 7o b BT v S BB R I I
B B Rz B0 FRMEA IS BN b oKD
PR L 24 < BRI .5 5 2 KR o GD o JAR
BO TP FEBFEE RN - Tk b, Zhic
11 Renshaw #%l, 7c3>%, Renshaw a7
I L REHEEHE 7 4 — Sy ZRIEA B L b,
GD o itk B SMU oMtk E
BENERICTURL # 7 = R ApVEFE L0, 2 i
BB 2 FBIC EBE BB E I TV EF 2 bR
5 3)13).

<E #>

iy 0%k 5% 2 (cold shivering) D
BN - »EHMEKTE (grouping discharg : GD) o
R CPYEE X O MO GD o Pkt
B[] A 7 — 2 JLE o 2 7 & (ATAC 450) i CHEHT
Ute. SmBREE « 465 v o ¥ o BB BER B P
THESW R L, M. Triceps brachii 3 X08 M.
Lumbo-dorsalis & » EMG #if#t L, BHMLHEGEL
Ao KGR e MEL, e AT Y v ALYy
BEo@ma N LT, AV AWRPRER LIcbox
ATAC 450 (WP 7w 27 F A :
tion) Vo CTF — £ M L7C.

QEFT 5 2 o> PEEA A 7 HfRL 20msec
LF% GD o&fke32 &, GD o PR
22.5¢c/s ki, PEROBIERR L EEORER LN
-1,

@2 D A4 7[EfEA 20msec LIFRLUS
msec LA Fo&MET Citix o GD offiisblix
Jex 22.2msec, B IO 4.2msec L5,

AL EOFEREN D, 2MHD A1 7 [HfF% 20msec

frequency, dura-



66

LRMHRET D LBEOESS B 2D GD o K &, WEOEAS D20 GD oFEHHHPL GD

PMEL T B A RE S o¥fkiHoBIEC X < HEETH Z LT
@L2L, BE, PEBEOESSH X THEEE ©®©GD D RAMFERS % 2 HER Eo GD okl
i GD o RERBEIENLRETHS . A LEoERc O W TEL LB ML v,

®2fH0 <1 7 Mk smsec & KHRET S

<X k>

1) Chatonnet, J. & Tanche, M. (1956): Dissociation du frisson “central” et du frisson “réflexe”
chez le chien a moelle détruite, J. Physiol. (Paris), 48, 439—442.

2) Goepfert, C. H., von Eiff, A. W, & Howind, C. (1953): Quantitative Beziehungen zwischen
Energiestoffwechsel und reflextorischen Muskeltonus bei der Thermoregulation, Z. ges. Exptl.
Med., 120, 308—328.

3) Granit, R., Haase, J. & Rutledge, L. T. (1960): Recurrent inhibition in relation to frequency
of firing and limitation of discharge rate of extensor motoneurones, J. Physiol. (Lond.), 154,
308—328.

4) Hart, J. S., Héroux, O. & Depocas, F. (1956): Cold acclimation and electromyograms of un-
anesthetized rats, J. Appl. Physiol., 9, 404—408.

5) Hemingway, A. (1963): Shivering, Physiol. Rev., 43, 397—422.

6) Héroux, O., Hart, J.S. & Depocas, F. (1956): Metabolism and muscle activity of anesthetized
warm and cold acclimated rats on exposure to cold, J. Appl. Physiol., 9, 399—403.

7) Jung, R. (1941): Physiologische Untersuchungen iiber den Parkinsontremor und andere Zittern—
formen beim Menschen, Z. ges. Neurol. Phychiat., 173, 263—332.

8) Kosaka, M. (1969): Reflex inhibition of cold shivering by pressure on the eye-ball and the ear-
root of the rabbit, and its afferent pathway, Jap. J. Physiol., 19, 149—159.

9) Kosaka, M. (1971): Grouping voltage in the electromyogram of cold induced tremor, J. Physiol.
Soc. Jap., 33, 522.

10) Kosaka, M. & Simon, E. (1968): Kiltetremor wacher, chronisch spinalisierter Kaninchen im
Vergleich zum Kiltezittern intakter Tiere, Pfliigers Arch., 302, 333—356.

11) Kosaka, M. & Simon, E. (1968): Der zentralnervise, spinale Mechanismus des Kiltezitterns,
Pfliigers Arch., 302, 357—373.

12) Kosaka, M., Simon, E. & Thauer, R. (1967): Shivering in intact and spinal rabbits during
spinal cord cooling, Experientia (Basel), 23, 385—387.

13) /NROES (Q981): 55 %, WEVERZE (hilfR), 111-121, BT, Bt

14) NEESR, K B, HTEE, TBBE, WARA, ¥ ®F, NEFEEE (1980): ZAEXIEARE
HEEREE, BEEY, 22(2), 127-136.

15) KBE i, NCEE (1981): v ¥k s % 2 HBERC KT 5 HLKE (Grouping discharge) o f#
B, HARAEEEE, 43(4), 121.

16) Simon, E., Klussmann, F. W., Rautenberg, W., u. Kosaka, M. (1966): Kiltezittern bei nar-
kotisierten spinalen Hunden, Pfliigers Arch., 291, 187—204.

17) Simon, E. (1974): Temperature regulation: The spinal cord as a site of extrahypothalamic ther-
moregulatory functions. Rev. Physiol. Biochem. Pharmacol., 71, 1—76.

18) Simon, E., Rautenberg, W., Thauer, R. & Iriki, M. (1963): Auslosung themoregulatorischer



67

Reaktionen durch lokale Kiihlung im Vertebralkanal, Naturwissenschaften, 50, 337.

19) Spaan, G. u. Klussmann, F. W. (1970) : Die Frequenz des Kiltezitterns bei Tierarten ver-
schiedener Gréfe, Pfliigers Arch., 320, 318—333.

20) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, I, General
sensory contributions, Am. J. Phys. Med., 45, 61—74.

21) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, II, Passive
proprioceptive contributions, Am. J. Phys. Med., 45, 75—90.

22) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, III, Central
contributions, Am. J. Phys. Med., 45, 91—104.

23) AR (1966): %4355 2 RO BRI 4 51 5 FBIE R X OHIREC 2\, HAEREE,
28, 217—226.



