rarely that conditioning could not be
established during the session.

None of the subjects in these tests
reported a history of any previous
speech difficulties, and their nonfluen-
cies outside the laboratory are of the
type that occur in normal speech.
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Effects on Palate Development of
Mechanical Interference with the
Fetal Environment

Abstract. Operations employing various
combinations of amniotic fluid withdrawal
and release of the embryo from enveloping
membranes were performed just prior to
the time of normal palate closure. Obser-
vations on subsequent palate development
led to the hypothesis that fetal membranes
can compress the fetus and cause cleft
palate when pressure in the amniotic sac
is reduced.

Puncturing the amniotic sac with a
hypodermic needle just prior to closure
of the secondary palate can cause cleft
palate in fetal mice (). To explain this
effect, it has been suggested that amni-
otic fluid leaks out and hydrostatic pres-
sure in the amniotic cavity is reduced,
the uterus thus being allowed to com-

press the fetus. The fetus’ head would

Table 1. Pooled results for fetuses treated at
1324 and 14145 days postconception and col-
lected at 1814 days.

No. of fetuses with No. of

fetuses
resorbed

Treatment Cleft

palate

Normal
palate

Amniotic fluid
withdrawn 24 23 104

Fluid withdrawn -+
release from

uterus 34 18 89
Release from uterus 37 0 51
Release from all

membranes 3 0 37
Control (to release

from uterus) 13 2 29
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then be pressed against its chest, the
lower jaw and tongue being forced up
toward the nasal septum. Since the pala-
tine shelves have to force the tongue
away from the nasal septum before
they can come together and fuse (2),
pressure on the tongue from below
could prevent normal palate closure (7).

To test this hypothesis of uterine
compression, several modifications of
the amniotic sac puncture experiment
have been tried (3). Thirty-four preg-
nant mice of heterogeneous origin were
treated 1324 days postconception,
and 25 were treated 14Y53 days post-
conception. The treatment consisted of
exposing the uterus by an abdominal
incision under ether anesthesia and sub-
jecting all the embryos of one uterine
horn to one of the following manipu-
lations: (i) withdrawal of amniotic
fluid; (ii) withdrawal of amniotic fluid
and release of the embryo (with its
amnion-yolk sac) by slitting the uterus
lengthwise; (iii) release of the embryo
from the uterus without removing any
amniotic fluid; (iv) release of the em-
bryo from both the uterus and amnion-
yolk sac membranes. The other horn
was left untouched or else was subjected
to a manipulation other than the one
used on the first horn. Amniotic fluid
was removed with a No. 25 or No. 27
needle (these gave the same results,
qualitatively) on a microsyringe, and
the quantity withdrawn was approxi-
mately 1/50 ml (although the total loss
varied because of leakage through the
puncture hole). The females were re-
opened at 184 days, the condition of
the fetuses was recorded, and the living
fetuses within their membranes were
transferred to Bouin’s fixative.

The results are shown in Table 1.
Release from the uterus obviously does
not protect the fetus from developing a
cleft palate. However, the cleft palates
that develop in released fetuses are still
dependent on loss of amniotic fluid,
since the control fetuses released from
the uterus did not develop clefts. Per-
haps the amnion-yolk sac membranes
can exert sufficient pressure to account
for the cleft palates that developed in
the released, amniotic fluid-deficient
fetuses. Release of fetuses from both
the uterus and fetal membranes would
have provided a good test of this possi-
bility, but the resorption rate was so
high following this radical procedure
that not enough fetuses could be col-
lected to provide a reliable answer
(Table 1).

To investigate further the cause of
clefts in the released, fluid-deficient fe-
tuses, 20 females were treated at 1323
days, and 64 living fetuses were col-
lected at 1425 or 15%5 days, post-
conception. It had been observed for
fetuses collected at 18%5 days that

those subjected to a decrease in amniotic
fluid were severely compressed if they
had been left within the uterus, but were
not noticeably compressed if they had
been released from the uterus at the
time of treatment. However, when col-
lected at 1425 or 15% days, both
groups showed mild signs of compres-
sion, such as grooving of the body by
the umbilical cord or limbs twisted out
of position. Since the degree of fetal
compression at the critical time for
palate development is comparable in
both groups, compression may be due
to the amnion-yolk sac membranes in
both cases. The radical compression
caused by the uterus arises at a later
time and is not necessarily involved in
the development of the cleft palate. In
Table 1, two cleft palates are listed for
fetuses that were untreated except that
the adjoining uterine horn had been
incised. Under these circumstances there
is some tendency for the fetuses to shift
out of position toward the open horn
(that is, the lateral pressure had de-
creased). Perhaps this is another ex-
pression of the sensitivity of palate de-
velopment to changes in pressure rela-
tionships (3). v ‘
BRUCE E. WALKER
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Long-Term Effects of Tenotomy
on Spinal Monosynaptic
Response in the Cat

Abstract. Section of the Achilles tendon
in the cat resulted in a shortening of the
latent period and an increase in the am-
plitude of the spinal monosynaptic re-
sponse from gastrocnemius nerves inves-
tigated 28 to 42 days after tenotomy. No
change was observed in the course of post-
tetanic potentiation. N

Following tenotomy, thé muscle is
prevented from exerting effective ten-
sion and is also deprived of passive
stretch. It is thus quite feasible to as-
sume that as long as- regrowth of the
tendon does not take place, the muscle

" proprioceptor end-organs (both muscle

spindles and tendon organs) are con-
siderably restricted in function, since
the natural stimuli for their activation
—that is, active and passive tension—
are practically eliminated by tenotomy.
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Tenotomy could then serve as an ex-
perimental approach for studying ques-
tions of the use and disuse of central
synapses activated by proprioceptors.
In the present experiments the spinal
monosynaptic response was investigated
from nerves innervating muscles im-
mobilized by tenotomy.

Unilateral section of the Achilles
tendon was performed under sterile
conditions in seven cats (2.5 to 3.5 kg
body weight) with a sham operation on
the contralateral side. After 28 to 42
days the monosynaptic response was
recorded from the ventral roots L: and
S: and from the dorsal surface of
the cord to single-shock stimulation
of gastrocnemius nerves (combined
branches to medial and lateral head),
_ the posterior tibial and peroneal nerves.
The stimuli were maximal for the
monosynaptic response. Conventional
electrophysiological arrangements for
recording and stimulating were used.
In order to ascertain the symmetry of
the monosynaptic reflex response, the
latent period and amplitude on the right
and left sides were compared in seven
non-operated animals. Furthermore, the
course of post-tetanic potentiation was

Fig. 1. Monosynaptic response recorded
from ventral root L; and cord dorsum po-
tential (C.D.) to single shock stimulation
of gastrocnemius nerves in a cat 32 days
after unilateral section of Achilles tendon,
displayed on a double-beam cathode ray
oscilloscope. Upper two traces: non-op-
erated side; lower two traces: operated
side. Time: 500 cy/sec. Note that there is
no difference in the conduction time in the
peripheral afferent pathways. The shorter

_latent period (0.31 msec) on the operated
side can thus be attributed to a change in
the central synaptic delay. The amplitude
of the monosynaptic response of the op-
erated side is 3.25 times larger than that
of the non-operated side.
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Table 1. Latent period and amplitude mean values (% standard error) of the monosynaptic
response in normal cats [R, right; L, left; (SR/L)/n, average percentage difference], and
cats after unilateral section of the Achilles tendon (7, side of tenotomy; C, contralateral;
(=T/C)/n, average percentage difference). Recorded from L7 and S: ventral roots, (n, num-

ber of animals).

Latent period (msec)

Amplitude (mv)

Record

L, n S n L, n Sy n

Normal
R 3.14+0.21 1 3.03+0.10 3 0.3814 0.145 7 0.890=+0.625 3
L 3.19+0.22 8 2.97+0.05 3 0.4084 0.162 7 1.049+0.730 3
EI;/L 101.0 *=2.14% 7 102.1 +=2.28 3 91.5 =+=165% 7 89.7 +64% 3

Tenotomy
T ©2.81+0.09 7 2.79+0.14 2 '0.523=+.0.101 7 0.778=+ 0.570 3
C 3.03+0.12 1 2.94+0.09 2 0.247+ 0.120 7 0.294+ 0.245 3
EI;/C 933 +2.64% 1 947 =170 2 371.0 =+88.4% 7 3388 =+92.5% 3

registered, and-the operated and non-
operated sides were compared. First,
experiments were performed in de-
capitated animals; later, when it was
found that the results were not affected
by the type of preparation, animals
anesthetized by chloralose were used. In
some cats d-tubocurarine was used. Re-
sults were evaluated statistically by the
t-test. .

There was a fair symmetry of the
monosynaptic response in normal non-
operated animals as far as the latent
period is concerned. Far more variation
was encountered in the amplitude of
the monosynaptic response (see Table
1).

In the operated animals, there was
without exception a shorter latent
period of response on the side of
tenotomy recorded from L: and S:
ventral roots on stimulation of gas-
trocnemius nerves as compared with
the contralateral side (statistically sig-
nificant for p<0.05). The amplitude of
the monosynaptic response was con-
siderably increased on stimulation of
the gastrocnemius nerves on the oper-
ated as compared: with the non-oper-
ated side (average, 371.0 percent from
ventral root L., 338.8 percent from
ventral root S.. These values are statis-
tically significant for p<0.01 in the
former and p<0.05 for the latter)
(see Table 1). An example of these
results is given in Fig. 1. ,

The duration of the post-tetanic
potentiation to 30 sec of stimulation at
410 impulses per second of the gas-
trocnemius nerves on the operated side
and the non-operated side, respectively,
was the same, the return to initial values
being reached in 3 to 5 min. No dif-
ferences either in the monosynaptic
response or in the duration of post-
tetanic potentiation were found between
the operated and non-operated sides on
stimulation of the posterior tibial or the
peroneal nerve.

It thus appears that chronic inactiva-

tion of proprioceptors by tenotomy
leads to a shortening of the latent
period and to an increase in the ampli-
tude of the monosynaptic reflex re-
sponse. This finding is in accord with
the assumption based on indirect evi-
dence presented by Thomsen, Altami-
rano, and Luco (/) indicating an in-
crease in the myotatic reflex following
section of the tendon.

Eccles and MclIntyre (2), using a
different method of inactivation of
spinal synapses, have obtained results
different from our own. Twenty-one to
forty ~days after -section of--the dorsal
roots distal to the spinal ganglion, they
found a decrease of the monosynaptic
response, a prolongation of the latent
period and of post-tetanic potentiation
on the operated side. These findings
have recently been confirmed in anal-
ogous experiments in which the EPSP’s
of motoneurones were recorded in-
tracellularly after section of muscle
nerves (3). The different results ob-
tained after tenotomy may indicate that
the effect observed by the above authors
is mainly due to changes in the afferent
neurons corresponding to retrograde
degeneration of the motor neurons (4)
and not to disuse. On the other hand, it
is necessary to point out that our as-
sumption about the decrease of pro-
prioceptive impulses from the muscle
after tenotomy requires direct experi-
mental analysis of the function of
proprioceptors in a chronically tenot-

omized muscle. ,
R. BERANEK
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