directed a three- to fourfold increase
in the incorporation of [*H]leucine as
compared to the value obtained in the
absence of mRNA. Treating the RNA
with formaldehyde to reduce its ordered
structure or, briefly, with mild alkali to
partially degrade the mRNA resulted,
respectively, in a slight loss and a slight
enhancement of activity. In contrast,
a much smaller amount of rabbit reticu-
locyte polysomal RNA (6 ng) induces a
greater than 30-fold increase in the
incorporation of [3H]leucine. Rabbit
globin and Q@B coat protein contain
comparable amounts of leucine.

Although it is evident that the phage
RNA is a less efficient template for
protein synthesis in this cell-free system,
the product, as analyzed by sodium do-
decyl sulfate—polyacrylamide gel electro-
phoresis, consists of a single polypeptide
which comigrates with authentic Qg
coat protein (Fig. 1). The synthesized
product yields tryptic peptides that
correspond to each of the major Qf
coat protein tryptic peptides (Fig. 2),
and also yields one prominent peak
containing alanine (Fig. 2A, fractions
109-114) and two smaller peaks (52—
53, 55-56) that are absent or present
to only a small extent in the coat
protein. These extra peptides may be
related to the processing of an initial,
QpB coat peptide (fMet-Ala-; that is,
formylmethionylalanine) or possibly to
the partial translation of one of the
noncoat cistrons. It is apparent, how-
ever, that, as in bacterial cell-free
systems, the QB coat protein is trans-
lated in vitro in marked preference to
the other two Qf cistrons (8).

The fact that the QB coat cistron
is translated in a mammalian cell-free
system emphasizes the universality of
the translation process. At the same
time, it does not rule out subtle transla-
tional discriminatory mechanisms that
may operate in vivo, but which are
overcome by selecting conditions favor-
able for the translation of a specific,
heterologous mRNA. This -observation
does have rather important practical
implications, however, because it pro-
vides an operational connection between
a mammalian cell-free system and a
bacterial virus mRNA in which a
variety of suppressible termination
mutants are available. Thus, the system,
in combination with an appropriate
amber mutation in the QB coat protein,
should provide a technique for survey-
ing tRNA’s from mutagenized lines of
mammalian cells for their ability to
suppress amber mutations. Recent ex-
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Table 1. Protein synthesis in response to bac-
teriophage Q3 mRNA. Each reaction mixture
contained the components, and was incubated
under conditions described in the legend to
Fig. 1, except that [*H]leucine plus 19 un-
labeled amino acids were used. Where indi-
cated, 6 ug of rabbit reticulocyte polysomal
RNA was added. The reaction mixtures were
precipitated with trichloroacetic acid, and the
precipitate was then assayed. The modified Qg
RNA’s were incubated in 0.01M tris, pH 7.2,
containing either 3 percent formaldehyde or
in 0.01M tris, pH 9.0, at 37°C for 30 minutes
and dialyzed against H,O.

[*H]Leucine
Addition incorporated
(pmole)
None 0.24
QB RNA 0.87
Qp RNA, formaldehyde treated 0.56
QB RNA, pH 9.0 treated 1.27
Rabbit reticulocyte polysomal

RNA 8.69

periments involving the use of QB and
R17 bacteriophage mRNA’s in a variety
of mammalian cell-free systems suggest
that this approach will be generally ap-
plicable (10). The identification of a
suppressor-containing mammalian cell
line would be of obvious value in
studies involving animal viruses and
cultured cells.
H. Aviv, 1. BoIME
B. Loyp, P. LEDER
Laboratory of Molecular Genetics,
National Institute of Child Health
and Human Development,
Bethesda, Maryland 20014

References and Notes

1. M. Nirenberg, in Aspects of Protein Bio-
synthesis, Part A, C. B. Anfinsen, Jr.,, Ed.
(Academic Press, New York, 1970), p. 215.

2. R. E. Marshal, C. T. Caskey, M. Nirenberg,
Science 155, 820 (1967).

3. S. K. Dube and P. S. Rudland, Nature 226,
820 (1970); E. B. Klem, W. Hsu, S. B.
Weiss, Proc. Nat. Acad. Sci. U.S.A. 61, 696
(1970); Y. Pollack, Y. Groner, H. Aviv, M.

Revel, Fed. Eur. Biochem. Soc. Lett.
9, 218 (1970); J. A. Steitz, S. K. Dube,
P. S. Rudland, Nature 226, 824 (1970);

S. Lee-Huang and S. Ochoa, Nature New
Biol. 234, 236 (1971); S. M. Heywood, Proc.
Nat. Acad. Sci. U.S.A. 61, 1782 (1970).

4. D. Housman, R. Pemberton, R. Taber, Proc.
Nat. Acad. Sci. U.S.A. 68, 2716 (1971); M. B.
Mathews, M. Osborn, J. B. Lingrel, Nature
New Biol. 233, 226 (1971); P. M. Prichard,
D. J. Picciano, D. G. Laycock, W. F,
Anderson, Proc., Nat. Acad. Sci. U.S.A. 68,
2752 (1971); J. Starnezer and R.-C. C. Huang,
Nature New Biol. 230, 172 (1971); A. J. M.
Berns, G. J. A, M. Strous, H. Bloemendal,
ibid. 236, 7 (1972); G. G. Brownlee, T. M.
Harrison, M. B. Mathews, C. Milstein,
Fed. Eur. Biochem. Soc. Lett. 23, 242 (1972);
M. B. Mathews, M. Osborn, A. J. M. Berns,
H. Bloemendal, Nature New Biol. 236, 5
(1972); R. E, Pemberton, D. Housman, H. F.
Lodish, C. Baglioni, ibid. 235, 99 (1972); D.
Swan, H. Aviv, P. Leder, Proc. Nat. Acad.
Sci, U.S.A. 69, 1967 (1972).

5. H. Aviv, I. Boime, P. Leder, Proc. Nat.
Acad. Sci. U.S.A. 68, 2303 (1971).

6. . Fed. Proc. 30, 955 (1971).

7. S. Metafora, M. Terada, L. M. Dow, P. A.

Marks, A. Bank, Proc. Nat. Acad. Sci. U.S.A.
69, 1299 (1972).

8. L. S. Skogerson, D. Roufa, P. Leder, ibid.
68, 276 (1971).

9. H. Aviv and P. Leder, ibid. 69, 1408 (1972).

10. T. G. Morrison and H. F. Lodish, ibid., in
press; M. Schreier, R. Gesteland, P. Spahr,
T. Staehelin, D. Kolakofsky, personal com-
munication.

11. I. Boime, H. Aviv, P. Leder, Biochem.
Biophys. Res. Commun. 45, 788 (1971).

12. D. Swan, H. Aviv, P. Leder, Proc. Nat. Acad.
Sci. U.S.A. 69, 1697 (1972).

13. We thank D. Rogerson for help in the prepa-
ration of QB bacteriophage and C. Kunkle
for help in the preparation of this manu-
script.

8 September 1972 "]

Genital Sensory Field: Enlargement by

Estrogen Treatment in Female Rats’

Abstract. Recordings of neuronal activity in the pudendal, genitofemoral, and
pelvic nerves indicate that the sensory fields of these three nerves are the perineum,
the caudal abdomen, and the vagino-cervical area and rectum, respectively. The
sensory field of the pudendal nerve was significantly larger in estrogen-treated
ovariectomized female rats than in uninjected controls. This effect of estrogen

was not mediated by pudendal efferents.

Recent analyses of hormonal influ-
ences on behavior and the nervous sys-
tem have emphasized the effects of
hormones directly on the brain (Z) and
spinal cord (2). However, hormones
may also influence behavior by altering
peripheral sensory mechanisms. In hu-
mans, acuity of the senses of touch,
taste, and olfaction are altered by hor-
mones (3), and on the basis of be-
havioral responses in animals, it has
been proposed that hormones may act
at the periphery to alter sensory input

(4). However, there appears to be no
previous neurophysiological evidence
that hormones change peripheral neu-
ral activity. In one attempt to demon-
strate an androgenic influence on penile
sensitivity, recordings from the pudendal
nerve in cats revealed no significant
effect of androgen (J5).

Perineal stimulation in female rats
occurs prior to intromission, during
copulatory thrusting by the male. This
stimulation is likely to play a major
role in facilitating the mating stance
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in rats, the lordosis reflex, which is es-
trogen-dependent. In the present study,
we investigated the innervation of the
sensory field of the perineal region in
female rats and the way in which the
size of this field is influenced by sys-
temically administered estrogen. Since
vagino-cervical stimulation facilitates
lordosis (6), initiates the secretion of
progesterone necessary for pregnancy
(7), and can facilitate or inhibit sperm
transport from the vagina into the
uterus (8), another purpose of our
study was to map the innervation of the
vagina and cervix.

The sensory field of the pudendal
nerve was determined by recording
from axonal populations in the nerve
with silver hook electrodes [0.006 inch
in diameter (Fig. 1C)], while mechani-
cal stimulation was applied to the fur
and skin (9). Stimuli were applied by
brushing small tufts of fur briskly or
scratching the skin firmly with a dissect-
ing needle.

In order to establish reliability of

the recordings, a second placement of
the electrodes was made several mil-
limeters farther caudally (that is, periph-
erally), after the field was established
with the first placement; the field was
then replotted. After the replotting with
the electrodes in the second position,
the pudendal nerve was severed be-
tween the recording electrodes and the
spinal cord; the field was then plotted
a third time, thus eliminating possible
centrifugal effects mediated by the
pudendal nerve.

Sprague-Dawley female rats ob-
tained from Camm Research Labora-
tories, Wayne, New Jersey, were ovari-
ectomized 3 to 9 weeks prior to test-
ing. Twelve micrograms of estradiol
benzoate were injected subcutaneously
in the scapular region every other day
for 1 to 4 weeks immediately prior to
testing. Only those females were used
which displayed an “excellent” (6)
lordosis in response to palpation of the
flanks -and perineum immediately prior
to testing. The control group received

Fig. 1. (A) Sensory field of the left pudendal nerve, estrogen-treated rat. The solid
line is the border of the responsive area, and the striped inner region represents the
area of relatively strong responses. In this individual, this inner region is somewhat
larger than usual. The dotted line delimits the border of the long, yellowish fur and
the sensory field extends beyond this region only at the clitoral sheath. (B) Sensory
field of the right genitofemoral nerve. The solid outer line is the border of the respon-
sive area, and the striped inner region indicates a region of relatively strong responses.
Note that the field extends to the base of the clitoral sheath (c) in the midline. (a)
anus. (C) Specificity of perineal (pe) versus pudendal (pu) sensory fields. In I the
vaginal cervix was stimulated after the middle of the trace, as described in the text.
Note the absence of response concurrently in the pudendal nerve. In 2 the perineal fur
was brushed six times. Note the absence of response concurrently in the pelvic nerve.
Calibration in (C) and (D): time, 1 sec; voltage, 40 uv. (D) Persistent response of
the right genitofemoral nerve to pressure maintained on the abdominal region outlined
in (B). Gentle pressure was applied just before the middle of the top trace and was
released after the middle of the lower trace. The two traces are continuous. Note that
the response was waning, but persisted for more than 20 seconds.
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no injections, and none showed any
indications of lordosis in response to
this palpation. The rats were anesthe-
tized with Urethane (Merck, 20 per-
cent solution) at a dosage of 1.6 g/kg.

The sensory field of the pudendal
nerve extends from the base of the
clitoral sheath to the base of the tail in
the midline and laterally along the in-
ner surface of the thigh (Fig. 1A). Re-
sponses were also elicited from the pos-
terior outer surface of the thigh. Care-
ful mapping of the ventral field indi-
cated, in almost all cases, a strictly
ipsilateral field (/1); a sharp boundary
of responsiveness occurred at the mid-
line even in the case of the clitoral
sheath.

Except for the clitoral region (which
is covered by short, fine abdominal
fur), the abdominal sensory field of
the pudendal nerve coincided closely
with a triangular patch of long,
coarse yellowish fur (12). This patch
of fur is continuous with the long,
coarse yellowish fur of the dorsal body
surface. There is a distinct boundary
running across the lower abdomen,
where the coarse fur ends and the fine
fur of the abdomen begins; the sen-
sory field of the pudendal nerve rarely
extended into this short fur region. We
never observed “holes” in the field; that
is, whenever a response was elicited
near the field border, it was also elic-
ited closer to the center of the field.

The major effect of the estrogen
treatment was to expand the sensory
field toward the borders of the patch
of long fur. In females not receiving
the hormone, the responsive area was
restricted to the central portion away
from the borders (Table 1). The fol-
lowing components of the sensory field
of the pudendal nerve were significant-
ly larger in the ovariectomized, estro-
gen-treated condition than in the ovari-
ectomized, untreated condition: (i) the
length of the clitoral field (the maxi-
mum distance at which a response
could be obtained from the tip of the
clitoral sheath up the abdomen); (ii)
the area of the entire responsive region;
(iii) the length of the perineal-thigh
component {maximum anterior-poste-
rior extent); (iv) the maximum lateral
distance from the midline at which a
response could be obtained (perineal-
thigh field width). Responses at the
midline occurred in 8 of the 16 estro-
gen-treated rats but only in 3 of the 18
rats in the control group, a significant
difference [P = .048, Fisher test (10)].

The effect of hormone injections on
the size of the sensory field was great
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enough to permit subjective differenti-
ation between estrogen-treated and non-
estrogen treated females. At the end of
each day’s work, after the fields were
plotted but before the rats’ uteri were
weighed or the injection history was
consulted, we made a judgment as to
the hormonal condition of the female.
We correctly identified nonestrogen-
treated females in 13 of 18 cases and
estrogen-primed females in 12 of 15
cases [P < .025, Fisher test (10)].

There was an increase in responsive-
ness as the stimulus was moved from
the periphery to the center of the field.
Both the number of units and the am-
plitude of the spikes increased. A sim-
ilar increase in sensitivity in the center
of the field has been reported in the
genital sensory field of the male cat
(5). The more sensitive region in the
female rats formed a semicircle of
approximately 1 cm diameter with its
center about halfway between the clit-
oris and anus (Fig. 1A). There were
no obvious morphological characteris-
tics which corresponded to this more
sensitive region. ,

In the sensory field, mechanical stim-
ulation of the skin or deflection of the
fur, as little as a single hair, elicited a
rapidly adapting response. The response
to clitoral sheath brushing was charac-
terized by spikes which were lower in
amplitude and had a faster rise time
than the units that responded to stimu-
lation of the long fur.

We determined the reliability of the
size and shape of individual sensory
fields by placing the electrode pair into
the pudendal nerve in a second posi-
tion, closer to the periphery. For the
combined estrogen and control groups,
the correlation coefficients were sig-
nificant for each measure (i to iv above)
compared on the first and second place-
ments [Spearman rho between .76 and
.85; P < .005, one-tailed, n =21, in
each case (10)]. Thus, by recording the
activity of a population of axons, we ob-
tained a representative sample of the
size of the entire sensory field. Since
the electrodes were placed randomly
within the nerve, and one part of the
nerve contained fibers representing es-
sentially the same field as a different
part of the nerve, the field representa-
tion appears to be rather homogene-
ously distributed with the nerve.

To test for centrifugal effects medi-
ated by the pudendal nerve, this nerve
was cut proximal to the recording elec-
trodes following the second electrode
placement. For each field component
(i to iv above), there was a significant
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Table 1. Effect of estrogen on the genital-sensory field. Dimensions given are the medians;
interquartile ranges are in parentheses. The ratios of differences [(injected — noninjected) /non-
injected] as percentages are as follows: clitoris field length, + 75.0; perineum and thigh field
width, - 26.3, length, + 22.0; area, + 31.9. Calculated on median values.

Field of Field of perineum and thigh
Nu'n;ber clitoris
el (length, Width Length Area
animals . mm) (mm) (mm) (mm?)
Ovariectomized
18 4.0 19.0 - 16.8 210
(0-7.0) (15.0-23.0) (13.5-23.0) (114-330)
Ovariectomized - estrogen
16 7.0 24.0 20.5 277
(6.1-9.8)* (21.3-27.3)* (17.3-23.3) (245-369) 1
* P <L .01 1 P < .05; Mann-Whitney U-test, one-tailed (I4).

before-after  transection correlation
[Spearman rho between .60 and .87;
P < .05, one-tailed, n =10 in each
case (10)]. Since the shape and dimen-
sions of the sensory fields of the pu-
dendal nerve were not significantly
altered by transection of the nerve, the
effect of estrogen treatment is apparent-
ly not mediated by centrifugal influ-
ences in this nerve, although we can-
not exclude the possibility of centrifugal
influences mediated by other nerves
innervating the same region.

The pelvic nerve, which lies ad-
jacent to the pudendal nerve, was acti-
vated by stimulation of the vaginal wall,
rectal wall, or cervix. Stimulation of the
cervix was distinguished from stretch-
ing the vaginal wall by first exerting a
force against the cervix with a glass
capillary tube, waiting for the induced
response to subside, and then inserting
a chisel-ended wire into the capillary
tube and gently rotating it along its
long axis. By this procedure, the sur-
face of the cervix was gently scraped
without additional stretching or rotat-
ing of the vaginal wall. Action poten-
tials in the pelvic nerve were readily
induced by this cervical stimulation and
this response was not contaminated by
stimulation of the external genitalia
(Fig. 1C).

The sensory field of the genito-
femoral nerve (Fig. 1B) was comple-
mentary to the pudendal field. Except
for overlap in the area of the clitoris,
genitofemoral activity was stimulated
from regions rostral to the pudendal
field (Fig. 1B). In contrast to the ac-
tivity in the pudendal nerve, the units
in the genitofemoral (Fig. 1D) and
pelvic nerves (Fig. 1C) did not adapt
rapidly. In all three nerves, very little
spontaneous activity was observed.

These findings provide evidence that
a hormone can influence a peripheral
sensory mechanism. At this point, we
can only speculate as to the nature and
significance of the increase in size of

the sensory field of the pudendal nerve.
Estrogen may change the mechanical
properties of the tissue surrounding the
hair follicles, thereby changing the
movement detection by the sensory
nerve endings; it may  increase the
number or sensitivity of nerve endings,
at least at the borders of the recertive
fields; it may sensitize a central state
which in turn exerts a centrifugal ef-
fect on the pudendal fibers by way of
another nerve; it may change the blood
supply to the receptors, thus altering
their sensitivity. Since mechanical stimu-
lation of the perineum potentiates the
lordosis response (6), an expansion of
the response region could facilitate a
lordosis response to even misdirected
copulatory thrusts by the male. In this
way, estrogen may function as a mo-
tivational variable which increases the
size of a genital sensory field in a
manner analogous to the way in which
hypothalamic stimulation increases the
size of somatic sensory fields (13).

Our finding that the pudendal nerve
receives input from the clitoral sheath
and perineum is consistent with that of
Cooper (5) who demonstrated input
from the penis and adjacent perineum.
Although Todd (I/4) reported input to
the pudendal nerve from the perianal
skin, anal lining and anal sphincter in
cats, we recorded no definite response
in the pudendal nerve from stimula-
tion of either these regions or the
vaginal orifice in rats. Also, Bradley
and Teague reported no response in
pudendal, urethral, or pelvic detrussor
nerves to stimulation of pudendal anal
afferents in cats (15).

The finding that the pelvic nerve re-
ceives input from the genital tract is
consistent with previous reports based
upon behavioral and functional (7, 16),
anatomical (I7), and neurophysiologi-
cal (I8) evidence (except that the latter
study did not report input from the
cervix). The results showing that the
pelvic nerve also receives input from

1297



the rectum helps to account for the
effectiveness of rectal probing in facil-
itating lordosis and inducing immobi-
lization in rats; both effects are also
elicited by probing the vaginal cervix
(6).

Note added in proof. Kow and Pfaft
(20) have also found that the size of
the sensory field of the pudendal nerve
was increased by systemic estrogen
treatment.

BARRY R. KOMISARUK
Institute of Animal Behavior,
Rutgers—The State University of
New Jersey, Newark 07102
NorMAN T. ADLER
Department of Psychology, University
of Pennsylvania, Philadelphia 19104
JoHN HUTCHISON
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Cambridge University,
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Exper.

Neurotrophic Effect on Isolated Chick Embryo Muscle in Culture

Abstract. Acetylcholinesterase activity in cultures of dissociated skeletal muscle
prepared from the thigh muscle of the 10-day-old chick einbryo was increased by
the presence of innervating spinal cord explants, spinal cord explants in a parabi-
otic environment, and by media containing brain—spinal cord extract.

Numerous experimental observations
have indicated that motor neurons have
important trophic effects on muscle
(7). Recent reports indicate that many
in vivo observations of trophic influ-
ences of neurons can be reproduced in
cells grown in tissue or organ culture.
Peterson and Crain (2) observed that
neuritic contacts between explants of
spinal cord and muscle enhanced muscle
development in explants of fetal rodent
skeletal muscle. Kano and Shimada
(3) found that, when the dissociated

- thigh muscle of the embryonic chick

was grown in culture together with ex-
plants of spinal cord, the formation of
functional neuromuscular junctions re-

stricted the acetylcholine-sensitive area
of muscle cells to the junctional region.
In noninnervated fibers the whole sur-
face was sensitive to acetylcholine. -
Lentz (4) found that sensory ganglia in
direct contact with organ cultures of
forelimb muscle from adult newts pro-
duced a delay in the decrease in cho-
linesterase activity that normally oc-
curred as a result of denervation. A
similar effect was produced when the
sensory ganglia were separated from the
muscle by a Millipore filter. The addi-
tion of homogenates of nerve tissue to
the culture media also produced greater
activity of ‘muscle cholinesterase than
occurred in untreated muscle cultured
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