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Skeletomotor and Fusimotor Control of Gastroc-
nemius Muscle from Deiters’ Nucleus!?

A fast pathway extends from Deiters’ nucleus to cx-
tensor muscle spindles?, and a monosynaptic connection
exists between Deiters’ neurones and a-extensor moto-
neurones®. The presence of this projection in the cat
might lead one to expect that the direct control of
Deiters’ nucleus on x-motoncurones prevails over the
indirect control through the y-loop. Experiments were
therefore performed to discover the extent of the vestibu-
lospinal influences from Deiters’ nucleus on skeletomotor
and fusimotor neurones.

Methods. Muscle tension and impulse frequency in
single spindle afferents from the gastrocnemius muscle
were recorded in 17 cats anaesthetized with pentobarbi-
tone sodium (Nembutal) (35 mg/kg i.v.) or decerebrated
at precollicular level. Deiters’ nucleus was stimulated
stercotaxically with rectangular pulses, 0.5 msecc in dura-
tion and at frequency above and below the threshold for
the motor response. The voltage used (13 V) was just
suprathreshold for producing the typical enhancement in
the extensor tonus of the ipsilateral forclimb?. Both limbs
werce completely denervated except the left gastrocnemius
muscle.

Results. 38 spindle receptors, whose afferent fibres con-
ducted impulses at 22-101 mfsec, were excited by repeti-
tive stimulation of Deiters’ nucleus. Threshold activation
was always obtained at a frequency of stimulation
(80-100/sec) which caused no tension change in the muscle
fixed in isometric condition. Extrafusal contraction oc-
curred at higher frequency of stimulation (100--120/sec).
However, both the extrafusal and intrafusal responses
increased with rising frequency of stimulation from 100
to 500/sec (Figure 1). The relative changes of the spindle
discharge produced by Deiters’ stimulation with respect
to the prestimulation values did not increase, however,
but actually decreased with increase in muscle extension
from 0 to 10 mm. Section of the ipsilateral dorsal roots
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Fig. 1. Effects of repetitive stimulation of the lateral vestibular

(Deiters’) nucleus on a gastrocnemius muscle spindle receptor (con-
duction velocity of afferent fibre: 101 m/sec) and on contraction of
the gastrocnemius muscle (initial muscle extension: 4 mm). Decere-
brate cat. Upper traces — spindle discharge. Each dot represents an
impulse. The value of its ordinate gives the instantancous frequency
of this impulse. Lower traces — muscle tension. Deiters’ nucleus was
stimulated with 0.5 msec rectangular pulses of 2V at the frequencies
indicated at the bottom of cach record.

Specialia

583

1.6-S2 reduced the slope of the tension curve, without
greatly affecting the peak of the contraction, thus indi-
cating that the extrafusal muscle contraction persisted
even after interruption of the y-loop. The spindle receptor
discharge, on the contrary, was slightly enhanced. The
responses of muscle spindle receptors to stimulation of
Deiters’ nucleus at different frequencies persisted also in
slack muscle, in spite of any possible unloading cffect
that might have been due to shortening of the extrafusal
muscle fibres.

Factors contributing to the activation of spindles on
stimulating Deiters’ nucleus were investigated in 8 cats.
Activation of spindles persisted after extrafusal muscle
paralysis induced by intravenous injection of 0.7-1.2
mg/kg of gallamine tricthiodide (Flaxedil, May & Baker
I.1d.). Paralysis of p-fibres with 0.25-0.509%, solution of
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TFig. 2. Persistence of spindle receptor discharge from the gastroc-

nemius to repetitive stimulation of Deiters’ nucleus, following pro-

caine block of 7-efferents and extrafusal muscle paralysis with

Flaxedil. Decerebrate cat. Upper traces: spindle discharge (conduc-

tion velocity of afferent fibre: 72 m/sec). Lower traces muscle
tension (initial muscle length -+ 4 mm).

A, - spontaneous discharge; A, :: single shock stimulation of the
gastrocnemius nerves at 1.56 times a-threshold (0.05 msec pulse
duration). A,, A, - same as A,, but at higher sweep speeds, to show
the direct spike and the early discharge. B - effects of repetitive
stimulation of the gastrocnemius nerve at 300/sce, 0.05 msec, 8.3
times a-threshold. C - effects of repetitive stimulation of Deiters’
nucleus at 500/sec, 0.5 msec, 2.2 V. By, C; - - controls showing the
spindle acceleration following stimulation of '}/»effer(mts (By) and
the spindle afferent receptor discharge to Deiters’ stimulation (Cy).
By, C, — after local procaine block of the y-efferents distally to the
stimulating electrode, note selective abolition of the y-response to
peripheral nerve stimulation in the absence of any depression of the
tension curve (1,). Both the skeletomotor and the fusimotor re-
sponses to Deiters’ stimulation are depressed but not abolished (Cg).
B,, C,; and B,, C, - records taken from a scries of consecutive re-
sponses following i.v. injection of Flaxedil. The fusimotor response
to Deiters’ stimulation persists in spite of the extrafusal paralysis.
Note the high sensitivity of the myograph in C,, C;, C,. Calibration
of 1 sec applies to all records except A,, A,
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procaine hydrochloride® which prevented the spindle ac-
celeration to repetitive stimulation of the gastrocnemins
nerves (at 200-300/scc, 0.05 msec, 6—10 times «-threshold),
abolished in most units the afferent discharge to stimu-
lation of Deiters’ nucleus. The spindles tested, therefore,
were activated through y-fibres. In some receptors, how-
ever, excitation from Deiters’ nucleus persisted in spite
of procaine blockage and gallamine administered at the
height of y-paralysis (Figure 2). The persistence of spindle
activation in the presence of y-nerve blockage and extra-
fusal muscle paralysis shows that in some gastrocnemius
spindles the effect from Deiters’ nucleus is also mediated
by fusimotor fibres larger than y-effercnts.

Riassunio. I.a stimolazione ripetitiva del nucleo di
Deiters produce la contrazione del muscolo gastrocnemio,

Two Forms of the Effect of a,a’-Dipyridyl and
1,10-Phenanthroline on Synthesized Hydroxy-
proline-Deficient Collagen

We have shown in our previous work'? that some
chelating agents inhibit the hydroxylation of proline-Ct4
and thus modify the biosynthesis of collagenous proteins
in skin slices of chick embryos. By application of «,a’-
dipyridyl (1 mM) collagen was formed which did not
contain hydroxyproline, but its proline-C! activity was
doubled when compared with normal collagen of control
samples. By the effect of 1, 10-phenanthroline of the same
concentration, however, a complete inhibition of proline
hydroxylation as well as a partial decrease of proline-Ci+
incorporation into collagen occurred. Due to a certain
structural similarity of both chelating agents, this contra-
dictory effect was surprising because it pointed to a dif-
ferent mechanism of interference into the sequence of
processes involved in the synthesis of the collagen mole-
cule. Therefore, we were interested to find out how the
above-mentioned different effect on the hydroxylation
of proline and on its incorporation into collagen depends
on the concentration of the chelating agent used.
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che si accompagna ad una scarica afferente fusale. La
risposta dei recettori fusali dipende non soltanto dall’atti-
vita delle fibre v, ma anche da quella di fibre fusimotorie
di pit grande diametro, probabilmente di natura «.
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Chick embryo skin slices were incubated for 2 h at
37°C in a Krebs-Ringer bicarbonate buffer with 5 uC
proline-C* and with appropriate concentration of chelat-
ing agents. After isolation, purification and acid hydrolysis
of collagen and non-collagenous proteins (purity checked
by proline/hydroxyproline ratio -- sce Table), the specific
activity of proline-C'* and hydroxyproline-C'* was deter-
mined according to PETERKOFSKY and PRocKOP3. As non-
collagenous proteins are considered all proteins which
precipitate in hot TCA. The collagenous protcins remain
in the supernatant. For further methodical details see 1.
The results (Table) proved unequivocally that o,a’-di-
pyridyl within the concentration range of 0.1-1 mM in-
hibits completely the hydroxylation of proline, whose
activity in the collagen molecule was, however, the double

1 J.Hvurycu and M. CuvariL, Biochim, biophys. Acta 97, 361 (1965).

2 M. Cuvarrr, J. Hurych, B. CumucHALOVA, and E. KHRLICHOVA,
Paper presented at the International Symposium on the Bio-
chemistry and Physiology of Connective Tissue, Lyon 1965.

3 B. Pererkorsky and D. J. Prockop, Anal. Biochem. 4, 400 (1962).

Effect of different concentrations of a,&’-dipyridyl and 1,10-phenanthroline on hydroxylation and incorporation of proline-C* into collagenous
and non-collagenous proteins

Substance Collagenous proteins Non-collagenous proteing Proline/hydroxy-
roline
Hydroxyproline-C14 Proline-Cl4 Proline-C'4 ](L)amount)
cpm/uM Residual cpm/uM Residual cpm/uM Residual
activity activity activity

Control 14,000 1009, 16,400 100% 60,000 100% 1.18

o ,oz’-Dipyridyi

1mM 143 1 31,800 194 61,800 101 1.17

0.5 mM 630 4.5 27,900 170 69,800 117 1.15

0.1 mM 1,980 14 29,500 180 71,100 118 1.15

1,10-Phenanthroline

1 mM 35 0.25 5,900 37 15,900 26 1.28

0.5 mM 360 3 11,000 70 35,700 59 1.10

0.1 mM 734 5 15,000 94 60,300 100 1.08

0.05 mM 494 4 19,400 118 45,500 76 1.20




