dence in humans of a relation between
NS noradrenergic activity and memory
iunction.

There is some uncertainty as to wheth-
er lumbar spinal fluid MHPG directly re-
flects brain norepinephrine metabolism
in humans. Insignificant amounts of la-
beled MHPG administered intravenously
in three patients were detected in the
CSF (19), indicating that MHPG found in
lumbar CSF is derived from norepineph-
rine degradation in the CNS; however,
the relative contributions of brain and
spinal cord norepinephrine metabolism
to lumbar MHPG are not known. Hu-
mans with spinal cord transection have
diminished lumbar MHPG concentra-
tions, suggesting that spinal cord norepi-
nephrine catabolism does contribute to
spinal fluid MHPG at this level (20). Spi-
nal cord norepinephrine is found princi-
pally in descending tracts whose cell
bodies are located in the same regions of
the brainstem as those giving rise to as-
cending norepinephrine pathways (5).
Apart from occasional mild pallor of the
dorsal columns related to peripheral neu-
ropathy, spinal cord pathology is not a
feature of the Wernicke-Korsakoff syn-
drome (2); it therefore seems reasonable
to attribute the decrease in spinal fluid
MHPG observed in our patients to su-
praspinal lesions known to occur in this
disease.

WiLLIAM J. MCENTEE
ROBERT G. MAIR
Neurology Service,
Veterans Administration Hospital,
Providence, Rhode Island 02908
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Fractional Factorial Analysis of Growth and

Weaning Success in Peromyscus maniculatus

Abstract. Fractional factorial designs were used to explore simultaneously the ef-
Sects of eight variables on survival and growth of neonatal deer mice, Peromyscus
maniculatus. Two of the variables had significant effects on weaning success. The

magnitudes of their effects are illustrated.

We have used fractional factorial de-
signs sequentially to identify variables
affecting the ability of female mice to
raise young to weaning. Two of the vari-
ables considered were significant and
were used in full factorial designs to es-
tablish a response surface. Fractional
factorial experimental designs, which re-
quire fewer experiments to estimate
main effects of the variables, permit the
screening of large numbers of variables.

Knowledge of survival, growth, and
reproductive potential for any species in
different climates may aid our under-
standing of aspects of animal distribu-
tions and the role of climate in popu-
lation dynamics. Heat and mass transfer
equations have been used to predict sur-
vival requirements of adults of several
species (/), but prediction of growth and
reproduction potential as influenced by
climate has been done only for ecto-

therms (2). Growth and reproductive po-
tential for small endotherms may depend
on heat and mass transfer, and on other
“‘black box’’ variables, whose effects
must be empirically determined, such as
photoperiod, amount of fresh green
sprouts, presence of other animals, and
so on. The problem is to sort out those
variables that have a significant impact in
the context of the environmental vari-
ables, such as air temperature and move-
ment, that also affect potential for growth
and reproduction.

For our analysis, we chose variables
(Table 1) that might affect growth rates
of the young and chose initial variable
levels arbitrarily for the first experiment.
The results of our initial experiment
guided our selection of new levels for
subsequent experiments. The plus, min-
us coding is for high, low levels for each
variable.

Table 1. Data from experiments 1 to 4 on Peromyscus maniculatus. Survival was 55 = 5 per-
cent for all center replicates; N, variable number; n, number of litters.

Variable Level Main effect (g) in experiments:
N De- _ " 1 and 1 2 and 2
scription 4 only 3 only
1 Sprouts None Free access 2.34 1.24
2 Frequency of Once perday  Once per 3 days —1.44 0.96 2.01 0.62
weighing
3 Nestbox No Yes 1.25 —0.46 0.86 1.29
4  Remove young No Leave 2 -1.79  -0.95 0.80 0.39
5  Malepresence Yes No : 0.16 -1.39
5  Photoperiod LD10: 14 LD14:0 -1.19  0.08
6  Exercise wheel Locked Free —0.56 0.73
7  Available food 80 percent Free access 4.24 5.73 0.44  0.65
8  Available water 40 percent 80 percent 2.54 2.04
80 percent Free access 1.15 .18
Mean weight/run (g) for:
Blocked experiments for 1 and 4 5.93 =325 (n = 23)
Blocked experiments for 2 and 3 4.62 = 2.08 (n = 40)
Blocked experiments for 1 4.76 = 3.67 (n = 16)
Blocked experiments for 2 with variables 1 and 6 confounded 3.46 = 1.74 (n = 32)
Center replicates for experiments 1 and 4 5.21 £3.49 (n = 14)
Center replicates for experiments 2 and 3 332 +2.52(@n =27)
0036-8075/78/1124-0907$00.50/0 Copyright © 1978 AAAS 907
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Fig. 1. The center replicate experiments were all done at air temperatures of 22°C, 50 percent
relative humidity, and an air movement of about 10 cm/sec (typical room air circulation). In all
experiments center replicates were given 90 percent of their free access food consumption. The
means and standard deviations are represented by the symbols and vertical bars, respectively,
The numbers in parentheses are number of individuals.

The advantages of full and fractional
factorial experimental designs as com-
pared to designs depending on one vari-
able at a time have been described (3). In
our experimental design, each ‘‘run’’ is
defined as one row (Table 2). The design
was broken into eight groups of two runs
which were started sequentially. It was
blocked (3) into eight groups enabling es-
timation of the effects of uncontrolled
variables, for example, time of year,
over the duration of the experiment. The
blocks were randomized for each of the
four executions of the experimental de-

sign to protect against possible effects of
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running the same block sequence exclu-
sively. Most of the replication was con-
centrated in the central point of the de-
sign, where each variable was intermedi-
ate between the high and low levels. In
Table 2, a center replicate female was
started after the first run and before the
second was begun in each successive
block. In experiments 1 and 2 there was
one female per run. In experiments 3 and
4 there were two females per run and per
block center replicate. Central point data
for each block illuminate time trends and
provide information for estimating the
mean and variance.

WEIGHT OF SURVIVORS (g)

The colony of deer mice was from wild
stock (4). A run was started on the day a
female’s young were born, and termi-
nated either when all her young had died
or otherwise at 21 days (if some young
survived). The young surviving were
then given free access to food and water
and their recovery from the experiment
was measured for an additional week.
The dependent variables were weight
and survivorship of young.

The effect of each independent vari-
able on weaning weight was estimated
(Table 2) by assigning each run’s plus or
minus sign for the variable to the run’s
dependent-variable value in the right-
hand column. For example, the summa-
tion for variable 1 would be +9, 0,
—9.25, and so on, yielding a sum of
18.71. The summation of the right col-
umn for each variable with the different
sequence of signs under each variable
number yields an estimate of the main ef-
fect when divided by the number of pairs
of runs (eight in this case). Only the col-
umn sums are illustrated in Table 2.

Results of the fractional factorial ex-
periments are in Table 1. The four frac-
tional factorial experiments were run in
the sequence numbered. In experiments
1 and 4 combined, presence of the male
(variable 5) seemed to have no effect
(0.16) on the size of the young weaned.
Accordingly, in experiments 2 and 3,
photoperiod duration was used as varia-
ble 5.

Initially, in experiments 1 and 2, there
was an error in the signs for four of the
eight blocks for variable 6. The signs had

Fig. 2. The three-dimensional response surface, with center repli-
cate variable levels except for food and water, shows that

" sensitivity to food deprivation is about twice as great as water de-
privation as judged by the minimum percentage of the ‘‘free access”’
ration that will still result in some young surviving. The data from
experiments 1 through 4 are also included. The food and water value
(100 percent) is taken from Fig. 1 (as a reference). Each point on the
surface represents the mean of a minimum of four litters and in one
case 27 litters. Standard deviations were omitted for viewing clarity,
but they ranged from =+ 0.28 g to as high as = 3.5 g in the ‘‘valley”’
area representing 90 percent of the *‘free access’’ food consumption.
Typical standard deviations were about = 1.0 g.
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been reversed, leading to a confounding
pattern (3) with variable 1. Confounding
made it impossible to separate main ef-
fects of variable 1 from those of variable
6. The design was corrected and rerun
(experiments 3 and 4) and included repli-
cate runs of two of the four correct
blocks in the original experiments. In all
four experiments only variables 7 and 8
(available food or available water) had
main effects greater than the center repli-
cate standard deviations. The standard
deviation of center replicates, rather
than the pooled estimate from those runs
replicated in experiments 1 and 4 and in
experiments 2 and 3, was used as a mea-
sure of significant effect because the
sample size was much larger. Sample
size for pooled estimates for experiments
1 and 4 was six; for experiments 2 and 3
it was 16.

The main-effect calculations in Table 1
show that the confounding of variables 1
and 6 in experiments 1 and 2 do not af-
fect the conclusions as to the calculated
lack of effects of variables other than 7
and 8. This suggests that there are no
three-factor or higher interactions large
enough to affect the estimates of main ef-
fects appreciably. More support for this
inference was obtained by ignoring the
four least significant variables with the
exception of water and food, thus the de-
sign was regarded as a complete factorial
(3). All interactions were then calculated
for the remaining four variables. No in-
teraction estimates exceeded the stan-
dard deviations of the center replicates.
The interaction between variables 4 and
7 in experiments 1 and 4 was 2.55, which
was the only interaction in any experi-
ment to exceed the standard deviation of
the pooled experiments. Full factorial
experiments with the five most signifi-
cant of the eight variables also show
(5) that higher order interactions are
small relative to the standard devia-
tions. It was also found that, when iden-
tical blocks of two identical experiments,
such as experiments 1 and 4, were over-
laid, the trend of results in each block
was consistent and never reversed for
any of the experiments.

Evidence of the repeatability of the ex-
periments is the close agreement (Fig. 1)
of center replicate mean and standard
deviation from identical experiments
(experiments 1 and 4) separated in time
by up to 8 months. The means and stan-
dard deviations are nearly identical for
experiments 1 and 4 and for experiments
2 and 3. The standard deviations for dif-
ferent experiments (1 and 4 compared to
2 and 3) do not overlap and are signifi-
cantly different for the 60 and 90 percent
water levels.
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Table 2. Experiments 1 and 4 with P. maniculatus. The variable numbers refer to those given in

Table 1.
Variable number
Block Weight/

2 3 4 5 6 7 8 Run run
(8
1 - - - - + + + 2 9.0

- + + + + - - - 10 0
2 - - + + - - + + 5 9.25
+ + - - + + - - 13 4.90
3 + - + - + - - + 6 8.80
- + - + - + + - 14 4.35

4 - - - + + + - + 1 0
+ + + - — - + - 9 7.43
5 - + + — - + - + 7 5.35
+ - - + + - + - 15 9.90
6 + + - + - - - + 4 2.60
- - + - + + + - 12 7.43
7 - + - - + - + + 3 6.80
+ - + + - + - - 11 3.93
8 + + + + + + + + 8 10.20
- - - - - - - - 16 4.87
18.71 —11.55 9.97 -1435 125 —-449 3391 9.19 94.81

The experiments show a capacity of
females to nurse young successfully
when water deprivation was as low as 40
percent of the “‘free access” consump-
tion. It is possible that there is a very
wide range within the population of adult
females for capacity to raise young when
food or water (or both) is limited. We
could find no overt correlation either
with age or size of female that would pre-
dict the success of the mother’s raising
young to weaning. Neither could we find
significant effects of prior experimental
experience, either by the animals’ ex-
posure to severe stress or their having
previously been in an experiment in
which there was free access to food and
water (6).

Table 1 seems to show that the level of
the variables determines which variable
or variables may predominate. For ex-
ample, in experiments 1 and 4 only avail-
able food had a main effect greater than
the standard deviation of the center rep-
licates (£3.49). In contrast, experiments
2 and 3 showed that only available water
had a main effect greater than the center
replicate standard deviation (*2.52).
The explanation for this ‘*hierarchy” of
effects may be seen on the response sur-
face in Fig. 2. Here additional center rep-
licates with different levels of food and
water from those of experiments 1
through 4 have been run. The surface
bounded by 80 and 100 percent for free
access to food and 80 and 100 percent for
free access to water changes more for
changing food than for changing water
(experiments 1 and 4). However, the sur-

face bounded by 80 and 100 percent for
free access to food and 40 and 80 percent
for free access to water (experiments 2
and 3) changes more with water change
than with food change.

In summary, over the ranges of vari-
ables studied at room temperature and 50
percent relative humidity, available food
and water are much more effective than
seven other potential variables in their
effect on capacity to bring pups from
birth to weaning in the deer mouse, Per-
omyscus maniculatus. There is great
variability in the population to effects of
food and water stress with respect to
weaning young. The physiological basis
for these wide differences remains un-
known. Effects of environmental and
other variables remain to be explored.

W. P. PORTER
R. L. BuscH
Department of Zoology,
University of Wisconsin, Madison 53706
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Detection of an Auditory Nerve—Activating Substance

Abstract. A substance or substances capable of increasing the firing rate of pri-
mary auditory fibers is-detectable in the perilymph of frogs and guinea pigs subjected
to sound stimulation. The increase in firing rate occurs in single units of the frog
auditory nerve after perilymph obtained from frogs or guinea pigs during sound stim-
ulation is infused into the frog perilymphatic sac. Perilymph collected from animals
maintained in silence failed to cause an increase in firing rate of primary auditory

fibers of the frog.

The primary afferent transmitters of
most sensory systems, including audi-
tion, remain unidentified. This report
presents evidence of the presence of an
auditory nerve-activating substance
(ANAS) in the perilymph of animals
stimulated with sound. Although we are
aware of other possibilities, our working
hypothesis is that ANAS is the primary
afferent transmitter of audition.

Ample evidence indicates that trans-
mission between the labyrinthine hair
cells and the auditory (eighth) nerve is
chemically mediated. For example, syn-
aptic bodies and synaptic vesicles are
present in many cochlear hair cells (/),
and Furukawa et al. have demonstrated
the presence of miniature excitatory
postsynaptic potentials in the eighth
nerve of the goldfish (2). The identity of
the neurotransmitter released by the hair
cells, however, remains unknown. There
is evidence that the transmitter is not
acetylcholine (3, 4), y-aminobutyric acid
3, 5-7), 5-hydroxytryptamine (8), gly-
cine (7), or a catecholamine (9, 10). Al-
though aspartate and glutamate have
been suggested as possible candidates (7,

11, 12), preliminary evidence from our
laboratory is not consistent with that hy-
pothesis (/3). Transmission across the
afferent synapse is resistant to the action
of many known pharmacological block-
ing agents 3, 5, 9, 12). Therefore, the
transmitter may be a substance not cur-
rently listed among the putative trans-
mitters. If it is not, the standard ap-
proaches to transmitter identification,
such as screening by applying agents
from the list of transmitters or standard
blocking agents, or the application of ra-
dioactively labeled precursors, may not
prove fruitful. What is required is a
method that will detect the presence of
the transmitter regardless of its chemical
nature. One answer to this methodologi-
cal problem is to use the animal as the
detector, as Otto Loewi did in his classi-
cal experiments with Vagusstoff (I4).
Such a bioassay would permit the detec-
tion of the transmitter as well as the
monitoring of the progress of efforts to
concentrate and to purify it. We have de-
veloped such an assay by using the
change in firing rate of single nerve fibers
of the eighth nerve of the bullfrog (Rana
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Fig. 1. The results of a typical experiment designed to collect and detect the afferent trans-
mitter. As a control, perfusate was collected in silence. The pumps were reversed, and the
collected perfusate was reperfused in silence while the firing rate was being monitored. In order
to collect the transmitter, perfusate was collected during sound stimulation. The pumps were
reversed, reperfusing the collected perfusate during silence.
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catesbeiana) as an indicator of the pres-
ence of ANAS in fluid infused into the
frog perilymphatic space.

The perilymphatic space of the frog
was perfused during acoustic stimula-
tion. The collected perfusate was rein-
fused into the perilymphatic space dur-
ing silence while we monitored the firing
rate of a single auditory fiber of the
eighth nerve. As a control, the same unit
was monitored during perfusion in si-
lence and infusion of this perfusate into
the perilymphatic space during silence.
The firing rate during the infusion of per-
fusate collected in sound was compared
to the firing rate during the infusion of
perfusate collected in silence. This pro-
cedure was based on the assumption that
the transmitter, if released into the peri-
lymphatic space during acoustic stimula-
tion, would, when administered during
the infusion procedure, produce an in-
creased firing rate when compared to the
control procedure.

The frogs were immobilized by the in-
tramuscular injection of 2 to 3 mg of d-
tubocurarine hydrochloride in 1 ml of sa-
line. The eighth nerve and the perilym-
phatic sac were exposed through the roof
of the mouth. The frogs were subjected
to a free-field search stimulus of 60-dB,
300-msec burst of white noise once per
second. This stimulus was designed to
induce auditory nerve fibers to fire.
Single-unit recordings were obtained by
using a motorized microdrive to advance
a 3M KCl-filled glass microelectrode
(resistar:ce, 20 to 80 megohms) through
the posterior branch of the eighth nerve.
Once an auditory fiber was found (as in-
dicated by action potentials elicited in
synchrony with the search stimulus), its
characteristic frequency was determined
by sweeping across frequencies while
noting changes in firing rate. The charac-
teristic frequency was used to ascertain
its origin in the inner ear (15). Only those
units originating in the amphibian papilla
and exhibiting low spontaneous activity
(0 to 5 spikes per second) were used as
biodetectors of transmitter-induced ac-
tivity. The firing rate of the unit during
the procedure was recorded on tape and
later analyzed with a window discrimina-
tor and rate-interval analyzer. The peri-
lymphatic space was perfused with mod-
ified Ringer solution (/6) by means of a
double-barreled coaxial pipette inserted
into the perilymphatic sac. During the
perfusion procedur:, perilymph was
withdrawn into the inner barrel (diame-
ter, 75 um). The duration of the per-
fusion procedure ranged from 60 to 120
seconds. The collected perfusate was
then infused back into the perilymphatic
space. The rate of perfusion and infusion
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