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The present study shows that in the whisker-to-barrel pathway of adult
mice surgical removal of three whisker follicles leads to the expansion of the functional corticalrepresentationof the whiskers adjacent
to the lesion into the deprived barrels within 8 months. Concomitant
with this enlargement there is an increase in follicular innervation of
the corresponding whiskers. Thisreorganizationof the peripheral innervation may be important for the observedreshapingof cortical somatotopy.

to a pulsing magnetic field (Melzer et al., 1985). All other whiskers
were clipped. A paper collar around the animals' necks prevented
them from removing the metal pieces. Two groups of age-matched
mice underwent the measurement of glucose utilization as controls:
(1) six mice with identical lesions, which had all whiskers clipped
(unstimulated); and (2) five unoperated mice with identical stimulation.
In preparation for the deoxyglucose procedure, catheters were
inserted in the left femoral artery and vein under halothane anesthesia (-1.5% in 70% N2O/30% O^), after which the mice were allowed
to recover for 18-24 hr with food and water ad libitum. Then the
mice were injected intravenously with 2-D-[l-l<C]deoxyglucose (specific activity, 50-55 (iCi/mmol; Dupont-New England Nuclear, Wilmington, DE; dose, 120-150 mCi/kg) in —40 |xl saline, and timed 20
uJ samples of arterial blood were collected to measure glucose and
deoxyglucose concentrations in the plasma for the quantification of
rates of glucose utilization (Sokoloff et al., 1977; Suda et al., 1990).
During this procedure, the conscious animals were freely moving in
a cage with or without whisker stimulation (see above) until they
were killed at precisely recorded times between 45 and 55 min after
the Injection of the tracer. The brains were removed, and the hemispheres were divided and frozen at -55°C. Serial 20-u.m-thick sections were cut tangentlally through the barrel cortex in a cryostat at
-22°C and exposed to x-ray film (Ektascan EMC-1, Eastman Kodak
Co., Rochester, NY). After autoradiography, every second section was
stained for cytochrome oxidase activity (Wong-Riley, 1979). Colorcoded images of autoradlograms were compared by setting the lowest optical densities in barrel cortex blue and the highest optical
densities red/white, while leaving the spectral width assigned to each
color equal (IMAGE, NIMH, USPHS, Bethesda, MD). Rates of glucose
utilization were quantified in barrels A1-A3, B1-B3, C1-C3, D1-D3,
and E1-E3 by superimposing the outlines of the barrels, drawn from
sections stained for cytochrome oxidase activity, on digitized images
of autoradiograms with a computerized image analysis system (Imaging Research, St. Catharines, Ontario, Canada). The mean rates of
glucose utilization in the selected areas were calculated from pixelweighted averages for each animal.

Hectrophysiological recordings in the primate somatosensory
cortex have shown that transection of the median nerve (Merzenich et al., 1983) or the amputation of finger digits (Merzenich et al., 1984) of adult monkeys results in the enlargement of the representation of intact skin neighboring the
lesion into the deprived territory of the cortical somatotopic
map of the hand. This plasticity is thought to be caused solely
by adaptations in the neural circuitry of the central pathway.
In the present study we investigated the effects of the removal of follicles of sinus hairs (whiskers) on the snout in
the mature whisker-to-barrel pathway. This pathway connects
the whisker follicles through the trigeminal nerve to a subdivision of the contralateral primary somatosensory cortex,
called barrel cortex (Woolsey and Van der Loos, 1970). The
pathway is unique in that a subset of trigeminal nerve fibers
innervates whisker follicles exclusively, lending itself, therefore, superbly to the detection of changes in follicular innervation of the remaining whiskers after the removal of a few
whisker follicles. Waite and Taylor (1982) have shown with
electrophysiological recordings that deafferentation of whisker follicles leads to changes in their central somatotopic representations similar to those in primates, and in the present
study such changes could be demonstrated with the deoxyglucose method. Moreover, we present evidence that after the
removal of selected whisker follicles in adult mice, a novel
innervation evolves in the neighboring whisker follicles; this
must be considered to be a possible mechanism that contributes to the changes in their functional representations in barrel cortex found in the same animals.
Materials and Methods

Animals
All procedures were approved by the NIMH Animal Care and Use
Committee. Male and female albino mice (International Charles Rivers) were used at 2 months of age. The follicles of left whiskers
Cl, C2, and C3, that is, the three caudal whiskers in the middle row,
were removed by means of an Incision in the skin between rows C
and D under 1.5% halothane anesthesia (-1.5% in 70% N2O/30% OJ.
The wound was closed with one suture.
Measurement of Local Cerebral Glucose Utilization
Between 7 and 10 months after the lesion, metabolic activation in
the whisker-to-barrel pathway was studied in eight mice with the
autoradiographic [14C]deoxyglucose method while six whiskers
neighboring the lesion (whiskers B1-B3 and Dl-D3),on which small
metal pieces had been glued, were repeatedly deflected by exposure

Laboratory of Cerebral Metabolism, National Institute of
Mental Health, Bethesda, Maryland 20892

Histology of the Wbiskerpads
The whiskerpads of both sides were separated from the snout and
stored in 10% phosphate-buffered (pH 7.4) formalin. Serial 20-u.mthlck sections were cut parallel to the epidermis in a cryostat at
-22°C and stained with a modified Liesegang method (Cruz et al.,
1984). The sections were scrutinized under a microscope (Ortholux
n, Leitz, Wetzlar, Germany) fitted with a 63 NA/oil fluorescence objective (Leitz, Wetzlar, Germany), and nerve fibers innervating whisker follicles adjacent to the lesion through the deep follicular nerves
were counted. The counts were obtained from cross sections
through the follicular nerves at the base of the follicles where the
nerves rise perpendicularly to the plane of section.
Statistical Analysis
The mean local rates of glucose utilization in each area of barrel
cortex were subjected to two-tailed Dunnctt's and two-tailed Student's / tests. The nerve fiber counts were subjected to two-tailed
Dunnett's t tests. The correlation between the metabolic rate in barrels C1-C3 and the folllcular innervation density of deflected whiskers B1-B3 and D1-D3 was tested with linear regression analysis. The
statistical analyses were performed with SAS (SAS Institute, 1988).
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Figure 1. Morphology and metabolic activity in barrel cortex of stimulated mice: results of [«C]deoxyglucose studies of an unoperated control [top) and a mouse with lesion [bottom).
The latter was subjected to the experiment 9.5 months after the lesion. Shown are digitized monochrome images of sections stained for cytochrome oxidase activity [A and B) and
pseudocolor-coded quantitative images of the corresponding autoradiograms (C and ft rostral is right, medial is up). Barrels are discrete cytoarchitectonic units in layer IV, composed
of cell body-dense sides surrounding cell body-sparse hollows, and represent the whiskers on the snout topologically. The tall whiskers array in five rows, designated A (dorsal)
to E (ventral), which are straddled by four whiskers, a to 8, at the caudal end. In each row, the whiskers are numbered beginning with 1 caudally (Woolsey and Van der Loos,
1970). In A and B barrel hollows appear as darkly stained patches of high enzyme activity revealing the representation of the whiskers (arrows point at the barrel of whisker A1).
The most medial barrels represent the straddlers. Owing to the cutting angle, in row E only the barrels of rostral whiskers can be seen, and in A the barrels of whiskers -y, 8, and
D1 stain faintly. In C and D, white/red indicates high, and blue low, metabolic activity (see color bai). In the two animals the stimulation of left whiskers B1-B3 and D1-D3 increased
metabolic activity most in right barrels B1-B3 and D1-D3. In the control, metabolic activation in the neighboring barrels remained low. In the mouse with lesion, however, there is
a marked increase in metabolic activity in deprived barrels C1-C3. Scale bar, 500 |xm.

Results

Metabolic Activation in the Barrel Cortex
In unoperated mice deflections of whiskers B1-B3 and D l D3 increased rates of glucose utilization to the greatest degree
in the barrels representing these whiskers in the right hemisphere, that is, the appropriate barrels (Fig. \C). Compared
with the metabolic rates of the homeotopic barrels in the left
hemisphere, the increase was on the average 46 and 29 jtmol/
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100 gm/min in barrels B1-B3 and D1-D3, respectively. In contrast, the metabolic rates in inappropriate barrels were only
6 (imol/100 gm/min higher than those of the left hemisphere
and remained uniform (Fig. 2A, top). The metabolic whisker
map in normal mice, therefore, matched with the morphological whisker map. In stimulated mice with lesions, the metabolic activity of all assessed areas was higher than in unoperated mice. However, as in unoperated mice, the highest
metabolic activity was found in the appropriate barrels (Fig.

