lates the sulfation of cholesterol (/6).

The relationship of the concentration
of cholesterol in serum and vitamin C
intake has been demonstrated in
humans (/7). If our conclusions are
applicable to the human organism, we
shall probably find that latent hypo-
vitaminosis C can cause hypercholes-
terolemia, and that it may also play
some role in ‘the pathogenesis of
atherosclerosis.

EMmiL GINTER

Institute of Human Nutrition
Research, Bratislava, Czechoslovakia
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Development of Grooming in Mice with Amputated Forelimbs

Abstract. Face grooming sequences that involve coordination of the shoulders,
tongue, and eyes develop remarkably normally in inbred mice with one or both
forelimbs amputated from birth. This indicates endogenous control with a strong
genetic component. Evidence for the maturational expression of ‘“sensory expec-

tations” was also obtained.

The extent to which the development
and integration of species-characteristic
movements depend on endogenous ver-
sus exogenous ' programming has re-
ceived much attention in recent years
(1). Experiments on a variety of in-
vertebrate and vertebrate species sug-
gest that central motor programs which
are under strong genetic control may
be more important than previously sup-
posed (2). However, other data indi-
cate that peripheral and exogenous
feedback are often critical for the de-
velopment, if not the maintenance, of
integrated movement (3), and general-
izations must be of a limited nature at
this time. Most strikingly, there are
few data on the emergence and func-
tional coupling of complex yet rela-
tively stereotyped species-characteristic
movement patterns in mammals de-
prived of normal feedback experience
from infancy.

Previous studies have suggested that
face grooming in rodents might be use-
fully studied in this respect. Face
grooming is a common species-charac-
teristic (and strain-characteristic) move-
ment pattern with readily definable
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components (4). Systematic matura-
tional stages can be plotted from the
abbreviated and rudimentary single
face swipes of neonatal and fetal ani-
mals (4, 5), and in adults the basic
patterning demonstrates considerable,
although not exclusive, central control
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Fig. 1. Development of grooming in an
observation cage by a litter of DBA/2J
mice; SDL, single forelimb removed (N =
2); DDL, both forelimbs removed (N =
1); control (N = 3).

(4). Since mature face grooming in-
volves a complex sequential pattern of
contacts of the forepaws with the face
and tongue it might reasonably be
anticipated that experience resulting
from these contacts is critical for the
development, if not the maintenance,
of the adult behavior. Therefore, I per-
formed a series of experiments in
which one or both forelimbs in inbred
mice were painlessly amputated at
birth, and observed the developmental
patterning of grooming activities. The
data indicate a high degree of endoge-
nous control.

Three litters of DBA/2J and three
litters of C57/6J mice were studied
(seven to nine mice per litter). In each
litter one to three infants had one fore-
limb amputated on postnatal day 1
[single delimb (SDL)], one to three in-
fants had both forelimbs amputated
[double delimb ' (DDL)], and one to
three infants served as controls. Sur-
gery was performed by anesthetizing
the mice with ice and a small dose
of Metofane (Pitman-Moore), sec-
tioning one or both forelimbs between
the elbow and the shoulder with a
scalpel, and treating the limbs with fer-
ric subsulfate to block bleeding. I re-
moved an entire litter from the mother
at one time and except for the actual
surgery treated them identically, in-
cluding the application of ferric sub-
sulfate. They were returned to the
mother simultaneously. In this way
none of the infants was rejected, and
only two of the operated animals died
before the termination of the experi-
ment.

Each mouse was observed at regular
intervals (1 to 5 days) until it was 30
days old. Periodic observations were
then continued over a period of 3 to 5
months. Sample films made at 32 feet/
sec (1 foot = 0.3 m) permitted detailed
single frame analysis of grooming and
related movement patterns. Grooming
movements could be separated without
ambiguity from other behaviors by a
combination of the animal’s character-
istic sitting posture, tongue movements,
and- pattern of shoulder and upper arm
movements (4). Each mouse observed
displayed obvious grooming behavior;
its basic postnatal development is thus
not dependent on normal contacts be-
tween the paws and face.

The broad profile of grooming prob-
ability during postnatal development
was also similar for control and oper-
ated animals. For example, normal
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mice show a progressive increase and
peak in grooming during the third week
after birth. This trend was also seen in
operated animals (Fig. 1). There is a
considerable variability in total groom-
ing shown by individual animals (4),
and to date, no consistent differences
in total grooming have been found be-
tween the groups. Individual DDL and
SDL animals may exhibit either more
or less grooming than individual con-
trol animals.

A striking illustration of endogenous
coupling between the limbs and tongue
is seen in Fig. 2. Normal mice lick their
forepaws by bringing them in front of
the face, and then extending the tongue
as the paws are moved toward it by
caudal rotation of the shoulders. Ampu-
tated animals also developed charac-
teristic coupling between shoulder and
tongue movements, even though with
the caudal shoulder rotations this meant
that the limb stubs were moving away
from the tongue at the time of its ex-
tension. Similarly, forelimb grooming
movements of large amplitude in nor-
mal mice cross over the ipsilateral eye,
which closes just before contact. This
might be attributed to conditioning, ex-
cept that in amputated animals the ipsi-
lateral eye also closes when character-
istic large-amplitude shoulder rotations
are made. Thus, normal experiential
mechanisms that operate during post-
natal ontogeny do not provide a suffi-
cient explanation; endogenous control
factors must be postulated.

Normal face grooming in mice con-
sists of a variety of recognizable com-
ponents that follow one another by
sequential rules (4). For example, pe-
riods of licking behavior typically lead
into a series of horizontal single strokes
that involve movements of the fore-
paws along the snout at a frequency
of 10 sec—1, in turn followed by over-
hands of longer duration in which the
limbs more or less alternate in making
large semicircular movements over the
top of the head. When it was possible
to discern basic stroke types by the
shoulder and upper arm movements,
these strokes occurred in a sequence
similar to that seen in normal mice.
Thus, the switch from one grooming
component to another does not depend
solely on normal peripheral feedback.
This conclusion is in direct contrast to
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Fig. 2. Tongue extension during grooming shoulder rotation in a bilaterally amputated

C57/6] mouse.

previous generalizations offered on the
basis of research on grooming in other
vertebrate species (6). Endogenous
mechanisms must again be postulated.
One further striking, and unexpected,
characteristic of licking occurred reli-
ably in the amputated animals. These
animals, deprived of normal contact
between the forepaws and the tongue
during face grooming, would often in-
troduce, interrupt, or conclude a
grooming sequence with periods of
licking the cage floor, cage sides, or
even another mouse. The animals thus
acted as if they were genetically pre-
disposed to certain feedback “expecta-
tions” and, lacking normal tongue-paw
contacts, obtained tactile input on the
tongue from this special licking be-
havior. Although there are few data on
genetic predispositions to seek specific
sensory inputs, research on the develop-
ment of bird song is compatible with
this hypothesis (7). .
This licking of course represents a
form of adjustment as a consequence
of the lesions, and indicates the subtle
interplay between endogenous and exog-
enous mechanisms common to most if
not all behaviors (I). Some other ad-
justments were also seen, such as an
occasional exaggerated ‘“tucking” pos-
ture during grooming in the amputated
animals as if they were attempting to
reach the face with the limb stubs.
Also, during licking the upper arms
were occasionally held in a more hori-
zontal position than ever observed in
normal mice. There may, in addition,
be some subtle alterations in the precise
duration and hierarchical structure of

grooming components (4) that current
analyses have not revealed. However,
the basic point made clear by this in-
vestigation is that in postnatal mice
there is an endogenous substrate that is
of major importance in the maturation
and performance of a complex species-
characteristic movement sequence.

Joun C. FENTRESS
Departments of Biology and
Psychology, University of Oregon,
Eugene 97403
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