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A. SUMMARY

Experiments in this grant renewal have as a general long-term objective

the elucidation of the effects of altered gravitational fields on neural

regulatory mechanisms. More specifically, they focus on the effects of

the neurotransmitter serotonin in the hippocampus. We have selected the

hippocampus for study because rats flown on Spacelab-3 showed an

increased number of serotonergic receptors in this region of the

central nervous system after 7 days in space. A more recent study has

shown that rats exposed to a hypergravic field of 2.0 G for 7 days show

a decreased number of receptors. We propose to examine population and

single cell electrical activity associated with these receptors using

the in vitro hippocampal slice preparation. After development of

experimental techniques, we will utilize centrifuges at the Chronic
Acceleration Research Laboratory to expose animals to a hypergravic

environment. Receptor numbers change relatively slowly so that altered

activity can be studied in rats at 1G following prolonged exposure to

an increased gravitational field. This study will provide information

on the modulation of signaling in the hippocampus by serotonin before

and after exposure to hypergravic fields.
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B. RESEARCHPLAN

I. Introduction

The goal of this grant is to study the effect of hypergravic fields on

the modulation of hippocampal electrical activity by serotonin (5-HT).

The proposed study represents a shift from our previous NASA grants

covering three diverse areas in neurobiology (thermoregulation, vestibu-

lar and auditory brainstem evoked responses, and the hippocampus) to

consideration of only one of these areas, the hippocampus. (Thus no

experiments are proposed in the areas of thermoregulation or brainstem

evoked responses, and the only continuing work in these areas will be to

edit manuscripts covering work supported by our previous NASA grants.)

To place our proposed hippocampal experiments in context with relevant

Spacelab-3 experiments and hypergravic experiments, two experiments on

receptor changes in animals exposed to altered gravitational fields are

first described. Our experiments build on these structural/biochemical

observations and extend investigations to related electrical activity at

1G and in hypergravic fields. The background continues with a review

of past studies at IG related to effects of serotonin on hippocampal

electrical activity (i.e., population spikes, intracellular potentials).

2. Background

Increased number of serotonin receptors in rats aboard Spacelab-3.

Miller et al. (1985) determined the number of receptors for several

neurotransmitters in selected brain areas in animals after their return

from space. Six male Sprague-Dawley rats were exposed to microgravity

for 7 days aboard Spacelab-3. Twelve to 14 hours after return to 1 G,

the rats were sacrificed and brain tissue was removed, frozen, and

subsequently assayed for receptor number and affinity. Serotonin

binding in the hippocampus of these rats was 49% greater compared to

that from a control group maintained at 1G (120 & 5 in the flight group

vs 81 + II fmoles/mg protein in the control group; p<O.05). The binding

of serotonin in the lateral frontal cortex was unaffected by exposure to

microgravity. Moreover, in the initial survey of other neural

transmitters in different regions of the brain, changes in binding were

not generally observed. Thus, the hippocampus was a region of the

central nervous system that showed cellular changes attributable to

exposure to a microgravity environment.

Decreased number of serotonin receptors i_2nrat_____sexposed to 2 G. The

experiments reported by Miller et al. (1985), while demonstrating an

effect at microgravity, left open the question of whether hypergravic

fields had any effect on serotonergic receptors. Very recently, Miller

et al. (1986) reported at a Tokyo conference the results of studies in

which they measured serotonergic binding in rats afer exposure to a 2 G

field for seven days. Twelve rats were exposed to chronic accleration on

an 18 fo_t diameter centrifuge and then binding was determined using the

ligand [JH]-5-hydroxytryptamine. A 27% decrease in receptor number was

observed in rats exposed to the 2 G field.



These studies by Miller et al. (1985, 1986) show that hypergravic and
microgravity environments have opposite effects on hippocampal 5-HT
receptor number. In both environments the effects appear to be terminal
field specific, since changes in serotonin binding were not observed in
the lateral frontal cortex. Although receptor changes have been
described in both microgravic and hypergravic environments, there aye no
parallel electrophysiological studies of serotonergic effects on neural
activity. It is therefore unknown if the changes in receptor number
alter the functional characteristics of the neurons. It is this issue

that this grant will address.

Neurochemistry and multiple serotonergic receptors. The population of

5-HT receptors in rat cerbral cortex and hippocampus can be divided into

two types denoted 5-HT 1 and 5-HT 2 receptors (Peroutka and Synder,1979;

Creese and Synder, Ig78), and recent studies (Pedigo et al.,1981)

suggested a further subdivision of 5-HT 1 receptors into two subtypes, 5-

HTIA and 5-HTIB, a classification based on the biphasic inhibition of
spiroperidol (or spiperone) on serotonin binding. Binding inhibited by

low concentrations of spiroperidol defined the 5-HTIA site, whereas the

component that was unaffected by low concentrations of spiroperidol

defined the 5-HTIB site. Beck et al. (1985), De Vivo and Maavani (1986),
Mauk et al. (1985), and And_ad-e and Nicoll (1985) have identified

serotonergic receptors found on hippocampal pyramidal cells as 5-HTIA

receptors. This grant covers effects of binding of serotonin to 5-HTIA

receptors.

The effect of serotonin o__nnpopulation spikes. We plan experiments on

changes in hippocampal electrical activity and the effects of serotonin

using both extracellular and intracellular procedures. Extracellular

methods (described in this section) allow assessment of the system as a

whole, while intracellular methods allow a closer look at the cellular

mechanisms underlying serotonin's effects. The results of the proposed

experiments would provide baseline data for future studies using rats

exposed to microgravic environments.

Several studies have shown that serotonin decreases the amplitude of a

population response of hippocampal neurons (Beck et al., 1985; Beck and

Goldfarb, ]985; Rowan and Anwyl, 1985; Mauk et al., 1985). (The decrease

in amplitude is often preceded by a small transient increase.) When

Schaffer collaterals, axons forming a fiber tract in the hippocampus,

are stimulated, pyramidal cells are excited and generate a synchronous

burst of action potentials. The electrical fields of the action

potentials add to produce an easily detected potential, a population

spike. In experiments where serotonin was superfused over the tissue
and then washed out with buffer, Beck and Goldfarb (1985) showed that

serotonin reversibly decreased the amplitude of the population spike.

The magnitude of this decrease was concentration dependent and was

greater on submaximal than on maximal population spikes. The EC50 for

serotonin was 3.2 pM. Repeated applications of a maximal dose of

serotonin did not_roduce tachyphylaxis. Beck and Goldfarb (1985)

concluded that the reversibility, reproducibility, and concentration

dependence of the serotonergic response in the rat hippocampal slice

preparation make the hippocampus useful for pharmacological experiments

on the modulatory role of serotonin.
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Recent pharmacological studies involving measurementof hippocampal
population spike amplitudes have indeed further characterized
serotonergic mechanisms. Thus Beck et al. (1985) were amongthe first
to suggest that the decrease in population spike amplitude involved a 5-
HTIA receptor because spiperone at i00 nM shifted serotonin and 5-
carboxyamidotryptamine concentration-response curves to the right..Mauk
et al. (1985) also observed that 5-HTIA agonists depressed the amplitude
of population spikes. Slices from Wistar rats were placed in a
submersion chamber, superfused with a continuous flow of modified Krebs
Ringer and maintained at 33-34°C. Evoked potentials following
stimulation of Schaffer collaterals were recorded in the pyramidal
layer. Whenfield potentials had been stable for a least 20 min, dose-
response curves were obtained by applying increasing concentrations of
serotonergic agonists every 30 min. Application of the agonists
buspirone, TVX-Q 7821, and DPATproduced a dose dependent reduction of
the population spike. Effective concentrations were 25-100 _M.

The method of measuring spike amplitudes allows assessment of the
response of a population of pyramidal cells to a variety of compounds.
Beck and Goldfarb (1985) describe in detail superfusion procedures for
obtaining concentration-response curves. They then applied these
procedures (Beck et al., 1985) to show shifts in the concentration-
response curves for a variety of ligands (serotonin alone and in the
presence of lOOnMspiperone or 100nMketanserin). This procedure should
prove sufficiently sensitive to detect an altered response to serotonin
in animals exposed to hypergravic environments if the decrease in
amplitude of the population spike is similar in magnitude to the 27%
decrease in receptor number found in binding studies.

The effect of temperature r pH, and stimulus frequency o__nnpopulation

spikes. Bath temperature has a marked effect on population spike

parameters (amplitude and width) and pH a much smaller effect (Hooper e___t

a l., 1985; Thomas eta]., 1986; appendix A). In experiments designed to

detect changes in the physiological response to serotonin in animals

exposed to a hypergravic environment, these factors must be controlled

or monitored.

Experiments on hippocampal slices have been done at various bath

temperatures -- some investigators maintain bath temperature between 32

and 35°C, others between 29 and 30°C. So that results can be more

readily compared with other studies, one approach is to perform critical

experiments over a range of temperatures.

Stimulus frequency can also modify the height of population spikes and

the activation of intracellular events. Long-term potentiation (LTP) is

a widely studied model of activity-dependent change in synaptic efficacy

that has attracted wide interest as the basis for information storage in

the mam_nalian brain. LTP is induced by increasing stimulus frequency

above about 3 shocks/sec, and is reliably induced by frequencies greater

than I0 Hz. Its onset occurs in seconds and can last for weeks in the

intact animal. During LTP, the amplitude of a population spike is

greatly enhanced. The role of N-methyl-D-aspartate (NMDA) receptors in

inducing hippocampal LTP has been recently established by a variety of
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studies in different laboratories (Col lingridge and Bliss, 1987;
Collingridge et al., 1983; Harris et al., 1984; Peer et al., 1986).
Mg++ blocks NMDA-gatedchannels in a voltage dependent manner. When
the cell is at its resting potential, manyof the channels are blocked,
and when the cell is depolarized Mg++ blockade is alleviated. Calcium
then enters the cell via these NMDAchannels and triggers the sequence
of events that culminate in LTP.

Stimulus frequency must be carefully controlled in studies where

population spike amplitude is measured because high but not low

frequency stimulation induces LTP. As an added complication, Bliss et

al. (1983) found reduction of LTP in the dentate gyrus of the ra--_

following depletion of serotonin, and no effect following depletion of

norepinephrine (NE). They used an in vivo preparation and it was not

possible to determine whether the effect on LTP was due to depletion in

the hippocampus or depletion of other brain areas. Stanton and Sarvey

(1985) used the in vitro slice preparation and found that while NE

reduced the occurrence of LTP in the dentate, serotonin did not prevent

LTP in the hippocampus in either CA1 or the dentate. Further experiments

are required to fully clarify the involvement of serotonin in LTP. On

one hand, by using high frequency stimulation to evoke LTP, the

involvement of serotonin on LTP can be further studied. On the other

hand, by keeping the stimulus frequency less than 1 Hz, LTP is not

evoked (NMDA channels are not opened) and possible effects of serotonin

on LTP are avoided.

The effect of serotonin on intracellular potentials. There are many

recent electrophysiological studies of the hippocampus using

intracellular rather than extracellular techniques. In many cases

intracellular techniques have an advantage; namely, that intermediate

steps in the overall response of the system can be monitored and

effects on particular cellular mechanisms can be tested. For example,

transmembrane potential and membrane resistance provide information on

combined receptor and channel activity. We propose to measure both

potentials and resistance in rats and hamsters exposed to 2G fields. In

addition, factors such as the potential role of GTP/GDP binding

proteins (G proteins), intracellular messengers, and various receptor

types can be investigated using intracellular techniques.

Using intracellular techniques, Andrade and Nicoll (1985) provided

further electrophysiological evidence, in agreement with previous

pharmacological studies, that serotonin binding appears to be

predominantly of the 5-HT 1 type. Recordings were obtained from
pyramidal cells of the CA1 region. Serotonin administered either in the

bath (300nM -20_M) or by microiontophoresis elicited a dose-dependent

hyperpolarization (that could be as large as 20 mY) accompanied by

reduced input resistance. No depolarizing responses to serotonin were

ever observed. Administration of the selective 5-HTIA agonist 8-OHDPAT

(200 nM - 4_M) also hyperpolarized these cells. The classical serotonin

antagonists cyproheptadine and cinanserin were relatively ineffective in

antagonizing responses to iontophoretically applied serotonin, with

IC50s of 50 _M and i00 _M respectively. The selective 5-HT 2 antagonist
ketanserin did not reduce serotonin responses in concentrations up to

200_M. The ergot methysergide elicited a small hyperpolarization and



reduced the serotonin response with an IC50 of 30_M. Similarly, the
non-benzodiazepine anxiolytic, buspirone, which has been reported to be
potent and selective at displacing serotonin from hippocampal membranes,
also elicited a small hyperpolarization (I-4 mV) and reduced serotonin
responses (IC50 = 3_M). Thus, a variety of intracellular results are
consistent with t_e proposal that 5-HT1 receptors are presen_ on
pyramidal cells in the hippocampus.

Intracellular studies have also characterized the channels opened by
serotonin (Segal, 1980; Jahnsen, 1980). Serotonin reduces the input
resistance and hyperpolarizes the cell, results consistent with the
opening of some type of potassium ion channel (Segal, 1980; Andrade et
al., 1986). Intracellular measurements have also indicated that G
proteins are involved in the coupling of signals from serotonergic
receptors to the opening of these potassium ion channels, a major
advance in understanding serotonergic mechanisms(see below).

Receptors_ G proteins and potassium ion channels. Membrane receptors

often signal cellular responses via a coupling system. The measurement

of transmembrane potential and resistance serves to chacterize this

system, from the binding of serotonin through the opening of potassium

ion channels. Since we plan to make these measurements in our

experiments and in this way characterize plasma membrane mechanisms for

the recognition and transduction of serotonergic signals, the coupling

system in pyramidal cells is described in detail.

Andrade et al. (1986) proposed that two classes of receptors in the

hippocampus, 5-HT and GABAB, act through a G protein to open potassium
ion channels. Thus, receptors activated by a diffuse serotonergic fiber

system share the same potassium channels as do receptors activated by

local inhibitory interneurons that release GABA. The critical

experiment pointing toward a shared population of channels was the

demonstration that potassium currents evoked by the agonists are not

additive. Evidence that distinct receptors for serotonin and GABA are

present in the membrane includes the observation that when spiperone (a

5-HT receptor blocker) was applied in sufficient concentration to

completely block the hyperpolarization evoked by serotonin,

hyperpolarization could still be readily evoked by application of the

GABA B agonist baclofen.

Andrade et a1.(1986) tested the system to determine if G proteins were

involved in the transduction of the signal from the receptor to the

opening of the channels. A model involving serotonergic receptors, G

proteins, and potassium channels is shown in Figure I. This model

(proposed by Andrade et al., 1986) involves the following steps in the

shuttling of the G-protein between receptors (5-HT or GABA B) and the ion

channel (which, when open, allows potassium ions to leave the cell and

the cell to hyperpolarize). When GTP is bound to the G-protein, the

GTP-G-protein complex associates with the potassium ion channel, and the

channel opens. When associated with the channel, the G-protein also

acts as a GTPase, hydrolyzing its bound GTP to GDP. As a result,

the G-protein then dissociates from the channel, and the channel
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FIGURE I. Sketch of a pyramidal cell showing a G protein coupling 5-HT

receptors to potassium ion channels, serotonin binds with a 5-HTI

receptor to activate a G protein (Gi) that shuttles through the membrane

(arrows A and C) to bind with a potassium channel protein, thus opening

the channel. The potassium ion efflux through the open potassium channel

leads to hyperpolarization and cell inhibition. The neurotransmitter

GABA binds with a GABA B receptor that activates the same G protein
(arrow B) and hence also opens K+ channels. This process, the opening

of potassium ion channels by either serotonin or GABA, can be inhibited

by increased activity of protein kinase C as shown at lower left.

Serotonin also inhibits the membrane bound enzyme adenylate cyclase as

shown at lower right.



closes. The GDP-G-protein shuttles to the receptor through the membrane
to combine with 5-HT-receptor or GABA-receptor complexes. When
associated with these complexes, GTPdisplaces GDPat the nucleotide
site on the coupling protein, and this GTP-G-protein shuttles back
through the plasma membraneto repeat the cycle.

The experimental evidence that G proteins are involved in the coupling
between the receptors and the potassium ion channel was demonstrated by
experiments showing that the response to neurotransmitters is altered by

treatments that modify G proteins. After intraventricular injection of

pertussis toxin, a specific toxin for some G proteins, pyramidal cells

from treated rats no longer showed hyperpolarization following

application of either serotonin or GABA even though in other respects

cellular activity was the same as controls (e.g., action potentials

could be generated by depolarizing the cell). Additionally, in slices

treated with GDP_S, a compound that binds with G proteins and maintains

them in the inactive state, application of serotonin or GABA B did not

induce pyramidal cell hyperpolarization.

These experiments show that a G protein is associated with the

transduction of the signal from the membrane receptors to potassium ion

channels but do not in themselves show a direct coupling of G proteins

to potassium ion channels. A link that involves a second messenger

within the cytoplasm could be involved, and additional experiments were

carried out to determine if this was the case. By eliminating three

intracellular messengers as being important in this coupling, Andrade

et al. (1986) suggest that the G-proteins directly couple to potassium

ion channels in the plasma membrane. Experiments excluding second

messengers described below illustrate the advantage of the slice

preparation in sorting out cellular mechanisms.

First, Andrade et al. (1986) considered whether cAMP served as an intra-

cellular messenger. Madison and Nicoll (1986a,b) had previously shown

that norepinephrine (NE) binds to beta receptors to increase

intracellular levels of cAMP. The elevated levels of cAMP reduce or

block the current through potassium ion channels opened by

intracellular calcium ions. These calcium-activated potassium channels

hyperpolarize the cell, leading to a waveform called an AHP

(afterhyperpolarization). The experiments to rule out an intracellular

link of cAMP to the effects of serotonin or baclofen (a GABA B agonist)

involved bathing the tissue for at least 15 minutes in 8-bromo-cAMP, a

membrane-soluble analog of cAMP. Loading the cells with 8-bromo-cAMP

(to saturate calcium-activated potassium channel binding sites) had no

effect on the responses of the cell to serotonin or to baclofen. These

cells were loaded with sufficient 8-bromo-cAMP to completely block the

effects of NE on the AHP. The fact that NE had no effect and the fact

that the effects of serotonin and baclofen were unchanged negated the

alternative that cytosolic cAMP was necessary for serotonin to exert its

effect.

Second, Andrade et a1.(1986) considered whether intracellular levels of

calcium ions formed a link between serotonin or baclofen and the influx

of potassium ions. Increased levels of calcium ion in hippocampal

pyramidal cells affect several types of potasium ion channels. The

experiments described above ruled out the possibility that serotonin



opened one type of calcium-activated potassium channel. In additional
experiments, involving the use of tetraethylammonium (TEA), they ruled
out the possibility that calcium opened other types of channels. Thus
Andrade et al. (1986) concluded that calcium ions did not serve as a
second messenger in the serotonergic response.

Third, Andrade et al. (1986) performed experiments they interpreted as
ruling out a role for inositol phospholipids as a second messenger
between a G protein and potassium channels. The activation of protein
kinase C (with the activator phorbol-12,13-dibutyrate) showed that
protein kinase C is not involved in a second messenger pathway. In
addition, inositol triphosphate often acts by releasing calcium from
intracellular storage sites, but changes in intracellular calcium had no
effect on responses evoked by serotonin or GABA.

The lack of evidence for a second messenger involving ionositol
phospholipids, together with a lack of evidence for other second
messengers(cAMPand calcium), led Andrade and Nicoll (1985) to propose
direct coupling betweenG proteins and potassium proteins. The coupling
can modify and can be modified by other cellular mechanisms. The
schematic diagram of a pyramidal cell (Figure I) illustrates added
interactions in the process initiated by serotonin binding on
hippocampal pyramidal cells. First, De Vivo and Maayani (1986) have
reviewed evidence showing that 5-HTIA agonists inhibit adenylate
cyclase. In addition, the serotonergic response can be inhibited by
activation of protein kinase C using phorbol-12, 13-dibutyrate (Andrade
et al., 1968). Figure l includes these added interactions to indicate
mechanismsassociated with events following binding in addition to the
G-protein coupling between the 5-HTIA receptor and K+-channel.

The extracellular and intracellular experiments cited above provide the
background for further study of serotonergic mechanismsas modified by
gravitational fields. Data are consistent with the proposals that
serotonin receptors in the hippocampus conform to the 5-HTIA
classification, and that the hippocampal slice preparation can be us_

to advantage to study functional effects of decreased receptor number.

Coupled with the studies on altered binding of serotonin in microgravity

(Miller et al., 1985) and in hypergravity (Miller et al., 1986), a basis

is formed for further electrophysiological studies on the effect of

hypergravic fields on serotonergic responses. The proposed study is on

cellular events associated with 5-HT receptors after exposure of animals

to a hypergravic environment.

We plan experiments on changes in hippocampal electrical activity and

the effects of serotonin using both extracellular and intracellular

procedures. Extracellular methods allow assessment of the modulatory

effects of serotonin on a major hippocampal circuit, signals over

Schaffer collaterals to hippocampal pyramidal cells. Modulation can be

monitored by measuring the amplitude of the population spike.
Intracellular methods allow a closer look at the effect of serotonin on

intermediate steps in the process. Within the plasma membrane a signal

is coupled from 5-HTIA receptors to potassium ions channels via a G

protein, and these membrane mechanisms are reflected by changes in

transmembrane potentials and membrane resistance. When potassium ion
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channels open in many pyramidal cells, the hyperpolarization decreases

the amplitude of population spikes. The results of the propused

experiments would provide baseline data for future studies using rats

exposed to microgravic environments.

3. Specific questions

(I) Does exposure to altered gravity (2G for 7 days) alter the effect of

serotonin on population spike amplitude?

(2) Does exposure to altered gravity (2G for 7 days) alter the effect of

serotonin on transmembrane potential of hippocampal neurons?

(3) Does exposure to altered gravity (2G for 7 days) alter the effect of

serotonin on the input resistance of hippocampal pyramidal cells?

4. Rationale and experimental procedures

Experiments are designed to further characterize the response of

hippocampal neurons to serotonin under differing gravitational

conditions. The techniques used build on our current methods for

recording extracellular activity (the population spike) in the slice

preparation (Hooper et al., 1985, Appendix items A and B).

Tissue preparation. Hippocampal slices will be prepared in our

laboratory following procedures we are currently using (Hooper et al,

1985; Appendices A and B). Male Sprague-Dawley rats are decapitated, and

their brains quickly dissected and placed in chilled artificial

cerebrospinal fluid (ACSF). The neocortex is removed to expose the

bilateral hippocampi, which are removed. Slices 400-450 microns thick

are cut perpendicular to the long axis of the hippocampus with a

McIlwain tissue chopper. The slices are removed from the razor blade

with a fine sable brush and placed in a petri dish containing chilled

ACSF. The slices are then transferred with a large bore pipette to a

plexiglass holding chamber where they rest at room temperature on ACSF-

saturated filter paper. The holding chamber is provided with humidified

95% O_/5% CO 2 gas. The ACSF consists of (in mmoles): 124 NaC1, 5 KC1,

1.25 _aH2P04, 2 MgS04, 26 NaHCO3, 2 CaC12, and I0 dextrose. At 37°C,

the osmolarity is 305 _5 mOsm and the pH is 7.4.

Recording chamber. We will record from slices in a recording chamber

we have recently built. The chamber is a modification of the one

described by Nicoll and Alger (1981) to include thermoelectric modules

for controlling bath temperature. Approximately i-2 hours after tissue

dissection, a slice is transferred from the holding chamber to the

constant-perfusion slice chamber. The slice is submerged in ACSF

between two nets, the top net serving to hold the slice in place. The

tissue is constantly perfused with oxygen-saturated ACSF at a rate of

1.5 to 2 ml/min via a gravity-fed reservoir system. The ACSF is removed

by suction from a second chamber located behind and connected to the

recording chamber. The entire chamber assembly is mounted in a machined
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brass plate. The temperature of the slice is controlled by heating or
cooling the brass plate with thermoelectric modules situated between the
plate and an aluminum heat sink. Temperature is monitored via a
calibrated thermistor placed in the recording chambernext to the slice.

Extracellular recording following Schaffer collateral stimulation. The

methods will follow those used in our recent studies on population

spikes (Hooper et al., 1985; Apendix items A and B). Extracellular field

potentials evoked by bipolar stimulation of CA1 stratum radiatum (the

Schaffer collaterals) are recorded with glass microelectrodes (4-8

megohm, filled with 3M NaC1) placed in the pyramidal cell layer of CA1.

Stimulus frequency is set to 0.033 Hz to avoid LTP, (except for bursts

at frequencies above I0 Hz in selected experiments to induce LTP). The

software for averaging extracellular fields has been developed for a

Cromemco A/D converter and Zenith i00 microcomputer. The software

enables us to average population spikes and determine mean spike

amplitude.

Intracellular recording. While we have recorded intracellular potentials

in a variety of tissues in past studies (Flaim et al., 1977; Horowitz,

et al., 1969, 1971, 1980, 1982), this will be the first major study in

which we will measure intracellular potentials from hippocampal

pyramidal cells. (Our previous slice studies have involved extracellular

recording.) Fortunately, pyramidal cells are relatively large cells,

which should make them relatively easy to impale. Neurons in the

pyramidal cell layer of area CA1 will be impaled with glass

micropipettes driven with a Kopf hydraulic microdrive. The pipettes

will be pulled on a Brown-Flaming horizontal puller and filled with

4.0M potassium acetate. Pipettes will then be connected to an

oscilloscope and penwriter through a WPI high-impedance preamplifier.

The preamplifier is equipped with a bridge circuit for passing a

calibrated current through the micropipette. Potentials will be measured

relative to a chlorided silver wire located in the suction chamber. A

steady hyperpolarizing current is passed through the micropipette as

cells are impaled to assist in sealing the cell and stabilizing the

resting potential. Input resistance will be determined after a steady

resting transmembrane potential is established by delivering I00 msec

hyperpolarizing pulses. Neurons will be considered healthy if they have:

(a) a resting membrane potential of at least 50 mV that is steady for i0

minutes, (b) action potentials elicited by short depolarizing pulses

delivered through the pipette, (c) an input resistance of at least 30

Mohm. Data from cells meeting these criteria will be used in resolving

the questions posed in this study.

Drug Application. Agonists will be applied to hippocampal neurons by

microinjection, microiontophoresis, or superfusion. Antagonists will be

applied by adding them to the perfusion line of the recording chamber.

Thus the agonists serotonin or 8-OHDPAT will be injected directly into

the recording chamber at concentrations of 300 nM-20 >M and 200 nM-4pM,

respectively, via a calibrated microsyringe (Hamilton). The drugs will

be introduced into the recording chamber through a small hole near the

ACSF inlet to assure consistent application. For microiontophoretic

application (Horowitz et al., 1980), glass micropipettes will be filled

with serotonin or 8-OHDPAT. In some cases, double-barreled pipettes

will be used, one barrel filled with serotonin and the other with 8-
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OHDPAT.Pipettes will be placed next to the intracellular recording
electrode in area CAt via a micromanipulator. A Dagan Model 6400
multichannel current generator is used to control drug
microiontophoresis. The antagonist methylsergide or buspirone will be
mixed with ACSFto concentrations of 30 _M and 3 j,M, respectively.
Switching between media reservoirs (with and without antagonist).will
be accomplished through the use of electric solenoid-actuated valves to
minimize pressure pulses to the impaled neuron. Rapid changeover time
will be achieved with a small recording chambervolume and minimal dead
space in the media tubing (2/3 turnover time is approximately 1.5
minutes at 1 ml/min mediumflow rate).

Protocols. EXPERIMENT i. EXTRACELLULAR RECORDING (see Figure 2) is

devoted to the development of extracellular techniques for measuring the

response of hippocampal pyramidal cells to serotonin at IG and will be

performed in the first year of the grant. We will focus on experiments

to characterize variables (e.g., concentration of serotonin) that modify

cellular activity in order to select an operating range for

reproducible, stable population spikes. The pyramidal cell response is

dependent on Schaffer collateral stimulus variables (pulse amplitude,

duration and repetition rate) and these will be varied to determine

appropriate ranges for obtaining stable recording. We have already

completed several studies characterizing the effects of temperature and

pH on the system (Hooper et al., 1985, Appendix items A and B). All

studies will be performed in the same time period to avoid any circadian

variation in sensitivity to serotonin. Slices from each animal will be

prepared as described above and placed in a holding chamber. Slices will

then be transferred individually to the recording chamber and

experiments performed such that all cells are characterized between 1000

and 1700 hours.

EXPERIMENT 2. INTRACELLULAR RECORDING (Figure 2) is a study also

scheduled for the first year of the grant. This study will develop

intracellular techniques. Hippocampal pyramidal cells in area CA1 will

be impaled and transmembrane potential and resistance measured as

described above. After the membrane potential and input resistance have

stabilized (thus establishing baseline values), agonists will be applied

via microsyringe to the bath or via a micropipette situated next to the

intracellular electrode. The following response variables will be

recorded: (a) maximum change in potential, (b) time to maximum

potential, (c) time to return to baseline resting potential, (d) maximum

change in input resistance, and (e) time course of resistance change.

Responses will not be used unless the membrane potential returns to

within 10% of baseline resting potential. After the neuron has returned

to baseline conditions, the agonist will be applied again with an

antagonist present in the bathing medium. Responses in the presence of

antagonist will be compared with those obtained without antagonist

present.

EXPERIMENT 3. EXTRACELLULAR RECORDING IN RATS EXPOSED TO 2G will be done

in years 2 and 3. Population spike amplitudes will be measured

(Methods, Appendix items A and B) for control rats and rats exposed to

2G fields. This will be a major experimental series because spike

amplitudes reflect the overall activity of the system (the output for a
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EXPERIMENTI.
EXTRACELLULARR_ORDING
Develop methods for
recording population spikes
when perfusing with 5-HT.
Check effect of stimulus
frequency. (year I)

EXPERIMENT 2.

INTRACELLULAR RECORDING

Develop methods for

recording transmembrane

potential and input
resistance when

perfusing with 5-HT

(year I)

EXPERIMENT 3.

EITRACELLULAR RECORDING

IN RATS EXPOSED TO 2G

Measure effect of 5-HT

on population spikes

after 7 day exposure to

2G field.

(years 2 and 3)

EXPERIMENT 6.

INTRACELLULAR RECORDING

IN RATS EXPOSED TO 2G

Measure effect of 5-HT

on membrane resistance

and transmembrane

potential.

(years 2 and 3)

EXPERIMENT 4.

F_TRACELLULAR RECORDING

IN RATS EXPOSED TO

1.5, 2, 2.5, 3, 3.5, _ 4G

Measure effect of 5-HT on

population spike for rats

exposed to hypergravic

fields for 7 days.

(year 3)

EXPERIMENT 5.

EXTRACELLULAR _ING

IN RATS EXPOSED TO 2G

FOR LESS THAN 7 DAYS

Measure effect of 5-HT

on population spike for

rats exposed to 2G for

varying periods of time.

(year 3)

FIGURE 2 -- Outline of experiments.
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volley of action potentials over the Schaffer collaterals). There is a
27%decrease in receptor number in rats exposed to 7 days to a 2G field.
We will be using rats similarly exposed on the small animal centrifuge
at the Chronic Accleration Laboratory).

Experiments wil 1 be performed on two groups of animaIs.. An
experimental group, consisting of 10 male Sprague-Dawley rats, will be
exposed to a 2G hypergravic field for 7 days and and a control group of
10 rats will be housed at IG. Experiments will be performed at IG
within 5 hours after transferring rats from 2G to IG. All animals
will be fed Purina rat chow and water ad libitum and housed at 23-25°C.
Animals from both groups will be identified by a code numberunknownto
the investigator making the measurements.

EXPERIMENT4. EXTRACELLULARRECORDINGIN RATSEXPOSEDTO 1.5, 2, 2.5, 3,
3.5 & 4G will be carried out in year 3 provided results obtained in
EXPERIMENT3 show changes in the amplitude of population spikes. Once
data are obtained for rats exposed to a gravitational field of 2G for 7
days (for direct comparison with data on receptor number), the
gravitational field and the exposure time will be varied. The
gravitational field will be varied in 0.5G steps from 1 to 3G for 7 day
exposure periods. The intent of this experiment is to determine if the
modulatory effect of serotonin on electrical activity is a function of
the gravitational field amplitude.

EXPERIMENT5. EXTRACELLULARRECORDINGIN RATSEXPOSEDTO 2G FORLESS
LESSTHAN7 DAYSwill be carried out in year 3 provided results obtained
in EXPERIMENT3 showchanges in electrical activity. Holding the field
at 2G, the period of exposure will be shortened to determine the minimum
time required to detect effects on acclimation.

EXPERIMENT6. INTRACELLULARRECORDINGIN RATSEXPOSEDTO2G will be done
in years 2 and 3. This is a major experimental series comparing
resistance and transmembranepotential changes in rats exposed to 2G and
IG.

(In developing techniques for the six experiments both hamsters and rats
will be used.)

5. Data interpretation

Changes in the amplitude of population spikes will first be compared
between animals exposed to IG and to 2G for 7 days. A significant
decrease in mean spike amplitude in rats exposed to 2G vs IG controls
would demonstrate that functional neuronal changes accompany the

observed reduction in receptor number. The extent of these changes

would be then determined as the gravitational field is increased and as

the period of exposure is decreased.

Changes in transmembrane potential in response to serotonin or a 5-HT I
agonist will be compared in hippocampal slices from rats exposed to a Z

G hypergravic field and control rats kept at i G. A significant change

in rats exposed to hypergravity would lend support to the hypothesis

that there is a direct affect of the gravitational field on hippocampal

serotonin responsiveness. No significant change in serotonin
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responsiveness in rats exposed to hypergravity would indicate that
membrane (receptor) changes induced by gravity are not reflected in
changes of electrical activity.

Changes in input resistance in response to serotonin or 5-HT1 agonist
will be compared in hippocampal slices from rats exposed to a 2 G
hypergravic field and control rats kept at 1G. Changes in input
resistance will be comparedwith changes in transmembranepotential to
determine if resistance and transmembranepotentials are correlated with
gravitational fields. A decreased resistance (or an increased
conductance) would indicate an increase in the numberof open channels.

C. SIGNIFICANCE

This proposal outlines neurobiological experiments on rats at earth
gravity and in hypergravic fields. The series of experiments deal with
serotonin receptors in the hippocampus. Receptor binding has been shown
to be modified by microgravity and hypergravic environments. This study
will focus on electrical activity mechanismsat the membranelevel as a
link to functional changes.

Core experiments will use animals exposed to 2 G fields for 7 days. The
period of 7 days is chosen so that data obtained at 1G and 2 G can be
compared with recent Spacelab 3 experiments and with hypergravic
experiments on serotonin receptors. Moreover, there is a great deal of
data available on rats exposed 2 G fields.

The results of the proposed experiments serve as baseline data for
future studies in hypogravic fields, including experiments on a space
station. The studies involving the neurotransmitter serotonin will
provide data on the effects of hypergravic fields and determine whether
the numberof binding sites is accompaniedby changes in physiological
function. If so, further experiments involving this transmitter could be
performed on neural tissue after prescribed periods of exposure to a
microgravity environment, with analysis of tissue samples performed
shortly upon return of the animals to earth.
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E. PROGRESS REPORT (1985-1987)

Description of research. Over the past year we have shifted our

experimental work almost completely to the hippocampus and away from

studies on thermoregulation and the vestibular and auditory system. Our

hippocampal experiments are related to a striking experimental finding

from Spacelab-3, namely that there is an elevation in serotonin binding

in rats exposed to microgravity for 7 days. This observation led us to

focus primarily on developing techniques to study the hippocampus where

the changes in receptor number have been reported. The goal of the

experiments was to lay the basis for determining if there are functional

changes in hippocampal neurons after exposure to hypergravic fields.

In addition to hippocampal studies, we completed experiments on

vestibular, auditory and thermoregulatory systems that concluded a

series of NASA supported projects on sensory mechanisms and regulatory

systems.

Thus we finished one series of experiments and started another one on

hippocampal slices. All focused on central neural function as modified

by altered accleration fields.

Hippocampal studies. Our major emphasis in recent experimental studies

was centered on mastering the hippocampal slice preparation. A primary

goal was to gain command of the techniques for recording electrical

activity in the hippocampal slice preparation. We focused on thermal and

pH effects on hippocampal electrical activity. With our shift in

emphasis to the effects of neurotransmitters on cellular activity, a

simulation study was completed on the effects of temperature on ion

channel activity in hippocampal cells (Appendix C).

Experimental methods The hippocampus was sliced and placed in chilled

artificial cerebrospinal fluid (ACSF). Slices 400-450 microns thick

were cut perpendicular to the long axis of the hippocampus with a

McIlwain tissue chopper and placed in a holding chamber. The chamber

was provided with humidified 95% O 2 / 5% CO 2 gas. The ACSF consisted of

(in mmoles): 124 NaC1, 5 KC1, 1.25 NaH?PO 4._ MgS04, 26 NaHC03, 2 CaC12,
and i0 dextrose. At 37°C, the osmolar_ty was 305 +5 mOsm and the pH was
7.4.

Approximately 1-2 hours after tissue dissection, a slice was transferred

from the holding chamber to the submerged, constant-perfusion slice

chamber. The slice was submerged in ACSF between two nets, the top net

serving to hold the slice in place. The tissue was constantly perfused

with oxygen-saturated ACSF at a rate of 1.5 to 2 ml/min via a gravity-

fed reservoir system. The ACSF was removed by suction from a second

chamber located behind and connected to the recording chamber.

Temperature was monitored via a calibrated thermistor placed in the

recording chamber next to the slice. Action potentials from a

population of hippocampal pyramidal neurons were evoked by stimuating an

afferent fiber tract, the Schaffer collaterals. The temperature and the

pH of the ACSF bathing the slice were varied by controlling the

temperature of a water chamber jacketing the recording chamber.
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Experimental results. The effects of pH and temperature on hippocampal

slices were studied in detail (references 5A, I, 3, 4 and 6).

Thresholds for evoked activity were significantly different in noncold-

acclimated, cold-acclimated and hibernating hamsters, and may reflect

acclimation of hippocampal neurons to cold. Plots of population spike

amplitude (action potentials from a group of pyramidal cells) versus

temperature have bell-shaped curves. The population spikes increased in

amplitude as temperature was lowered from 35°C, reached a peak amplitude

between 25 and 20°C, and then decreased until a response could not be

evoked when temperature was further lowered. Techniques were thus

developed for studying population spikes in the slice over a range of

bath temperatures. Pilot studies on the effect of serotonin on

population spikes were initiated. These techniques will be used in the

experiments proposed in this grant renewal.

Simulation of the effect of temperature on ion channels in nerve

membranes. We have developed a model to predict the effect of

temperature on the electrical activity of a hippocampal pyramidal cell

(5). With the development of brain slice techniques for voltage-clamping

single cells, several types of ion channels in membranes of mammalian

nerve cells have been identified and characterized in sufficient detail

to allow a simulation of channel currents. Four populations of membrane

channels in the pyramidal cell were simulated. Equations for current

through these ion channels are similar to those first developed by

Hodgkin and Huxley for sodium and potassium channels in the squid axon

and more recently extended by Traub to include not only these channel

types but, in addition, calcium and calcium-mediated potassium channels

in hippocampal cells. Voltage and/or concentration dependent rate

functions were used to describe the kinetic behavior of each population

of channels. A temperature dependent term was included for each rate

function to simulate the effect of changing temperature on neural

activity. Model simulations correspond to experimental data over a

range of temperature from 40°C to 35°C.

Vestibular and auditory system. Pulse angular acceleration evokes short

latency far-field responses that can be attributed in large measure to

the activation of the vestibular periphery and brain stem nuclei. The

frequency spectrum of bone conducted vibrations coupled to the skull of

rats during impulse angular acceleration stimulation was estimated to

have greatest power at 2-3 kHz. The intensity of these vibrations was

approximately 5 dB lower than the vibrations evoked by bone-conducted

auditory clicks, which had their greatest power between 9 and II kHz.

Moreover, the amplitudes of the first two major components of the

response evoked by angular acceleration were greater than the first two

major components of the response evoked by bone-conducted clicks. These

results indicate that in rats, one can evoke far-field responses due to

activity over the vestibular system and that this activity can be

distinguished from auditory evoked responses (2, 9, I0).

Our data confirms a previous report that noninvasive procedures can be

used to record brainstem vestibular evoked responses in rats. Particular

attention was devoted to ruling out the possibility that what had been
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called a vestibular response was in reality an auditory response.
Stimulus characteristics were precisely determined. Using this type of
stimulation, the amplitudes of the first two major components of the
response evoked by angular acceleration were greater than the first two
major componentsof the response evoked by bone-conducted clicks.

Thus, two independent laboratories have reported brainstem vestibular
responses. These far-field potentials provide a meansto record overall
brainstem activity using noninvasive techniques. Wehave concluded
experiments in this area and have manuscripts in preparation. (While we
have turned our attention to the hippocampus, one of our former
collabo_tors, Dr. T. Jones, is carrying on an indepedent series of
studies on brainstem-evoked responses based, in part, on these studies.)

Thermoregulatory studies Previous studies in a variety of laboratories

showed that the rat, dog, and monkey have an impaired ability to

regulate their body temperature when exposed to hypergravic fields. One

set of experiments using the rat was directed toward clarifying

mechanisms underlying this impairment. The rat was chosen as an

experimental animal because of studies at earth gravity, i G, that

provided basic background for further studies both at zero-G and in

hypergravic fields from 1.5 to 4 G.

One series of completed experiments (7) showed that rats acclimated to a

gravitational field of 2.1 G are able to regulate their core temperature

better when cold stressed at 2.1 G than are rats acclimated at earth

gravity (I G). Rats acclimated to 2.1 G also increased tail temperature

(T t) and decreased core temperature during exposure to 5.8 G. Thus,

rats acclimated to 2.1 G were not able to regulate their temperature

when exposed to higher gravitational fields. Acclimation did not result

in a change in thermoregulatory ability at 1 G. It appears that rats

acclimated to i G conditions continue to regulate their core

temperature, albeit at a lower core temperature, when placed in a

hypergravic field of 2.1 G.

Another series of completed experiments (2, 8) compared groups of rats

acclimated to gravitational fields of 1 or 2.1G. That is, one group was

born and raised at 2.1G and belonged to the 12th generation of rats

living continuously on a centrifuge in a 2.1G field, except for brief

periods of routine care at 1G. The finding that rats acclimated at 2.1

G could thermoregulate better than rats raised at I G when cold stressed

at 2.1G shows that acclimation to a hypergravic environment can modify

the activity of a neural control system in mammals. However, rats

acclimated to 2.1G were not able to regulate their core temperature

when first exposed to 5.8 G indicating that acclimation at one level of

a hypergravic field does not improve the ability of the animal to

thermoregulate at higher field levels.

(While we have concluded the experimental series on temperature

regulation in rats exposed to hypergravic fields, one of our

early collaborators, Dr. C. Fuller, is carrying on related hypergravic

studies on temperature regulation and circadian rhythms.)

21



Refezences

AbstractS

IA. Hoffman, L., Jones T. A., Fullerton, B. and Horowitz, J.

Hypothermia-Induced changes in interpeak latency of brainstem

auditory evoked responses recorded from hamsters and rats. APS

Fall Meeting, 1985.

2A. Horowitz, J., S. Patterson and C. Monson. Oxygen consumption during

cold exposure at 2.1 g in rats adapted to hypergravic fields. APS

Fall Meeting, 1985.

3A. Hoffman, L. and J. Horowitz. Can impulse angular acceleration

activate the vestibular and auditory systems in rats? Abstract.

ASGSB Annual Meeting, Charlottesville, Va., 1986.

4A. Horowitz, J., M. Lindley and M. Thomas. A model of hippocampal

pyramidal cells and the effects of temperature. FASEB, 1986.

5A. Thomas M.P., P.J. Eckerman and J. M. Horowitz. Temperature and pH

effects on evoked responses from hamster hippocampal slices.

Abstract. Society for Neuroscience, 1986.

6A. Hamill, N. J., J. M. Horowitz and M. D. McGinn. Peripheral and

brainstem auditory responses in squirrels arousing from

hibernation. FASEB, 1987.

Papers

i. Hooper, D. C., S. M. Marin, and J. M. Horowitz. Temperature effects

on evoked potentials of hippocampal slices from euthermic

chipmunks, Hamsters and rats. J. of Therm. Biol. 10:35-40, 1985.

2. Horowitz, 3., S. Patterson, and C. Monson. Oxygen consumption during

cold exposure at 2.1 G in rats adapted to hypogravic fields.

Physiolosist 28:$313-S142, 1985.

3. Thomas, M. P., S. M. Martin, and J. M. Horowitz. Temperature effects

on evoked potentials of hippocampal slices from noncold-acclimated,

cold-acclimated and hibernating hamsters. J. Therm. Bio1.Ii:213-

218, 1986. (Included in this grant proposal as Appendix B)

4. Horowitz, J. M., M. P. Thomas, and P. Eckerman. Thermal dependence of

neural activity in the hamster hippocampal slice preparation. J_z_"

Therm. Biol. In press.

5. Lindley, M. A., M. P. Thomas, and J. M. Horowitz. A simulation of

the effects of temperature on hippocampal neurons. Computers in

Biomed. In press. (Included in this grant proposal as Appendix C).

6. Eckerman, P., K. Scharruhn, and J. M. Horowitz. Effects of

22



temperature and pH on hippocampal population spikes. In
preparation. (Included in this grant proposal as Appendix A).

7. Monson, C. B., J. M. Horowitz and B. A. Horwitz. Core temperature is
regulated, although at a lower temperature, in rats exposed to
hypergravic fields.

8. Monson, C. B., S. L. Patterson, J. M. Horowitz. Thermoregulation in
hypergravity-acclimated rats. In preparation.

9. Hoffman, L. and J. M. Horowitz. Peripheral and brainstem vestibular
responses in rats: The effect of masking. In preparation.

i0. Hoffman, L. and J. M. Horowitz. Peripheral and Brainstem vestibular
responses in rats: The effect of hypothermia. In preparation.

23



F. BIOGRAPHICALSKETCHOFPls

CURRICULUMVITA
John Horowitz

BIRTHDATE:

NATIONALITY: US citizen

EDUCATION:
Institution Degree

Univ. of Calif., Berkeley B.S.
Univ. of Calif., Berkeley M.S.
Univ. of Calif., Berkeley Ph.D.

MEMBERSHIPIN PROFESSIONALSOCIETY

SigmaXi
American Physiological Society
Society for Neuroscience

MAJORRESEARCHINTERESTS:

Year
Conferred

1959
1961
1968

Scientific
Field

Electrical Engineering
Electrical Engineering
Biophysics

Neural regulation of temperature, neural networks

RESEARCHAND/0RPROFESSIONALEXPERIENCE

1978-present Professor of Physiology and Research Physiologist
in the Experiment Station (UC Davis)

1973-1978 Associate Professor of Physiology and Research
Physiologist in the Experiment Station (UC Davis)

1968-1973 Assistant Professor of Physiology (UCDavis)

1963-1968 Teaching and Research Assistantships (UC Berkeley)

1961-1963 Graduate ResearchEngineer (UCBerkeley)

1959-1961 Research Assistant (UCBerkeley)

PUBLICATIONS-- ABSTRACTS:

I. Horowitz, J. M. and W. J. Freeman. Evoked potentials arising from
neural population elements excited at different times on a warped
surface. The Physiologist _:197, 1965.

2. Horwitz, B. A., P. A. Herd, J. M. Horowitz and R. E. Smith. Brown
fat: Effect of norepinephrine on intracellular potentials and
Na+/K+ ATPaseactivity. The Physiologist 12:257, 1969.

3. Horowitz, J. M. and R. Em. Smith. Neural control of thermogenesis
in brown adipose tissue. Fed. Proc. 29:659, 1970.

24



.

.

o

.

.

.

10.

11.

12.

13.

14.

15.

16.

Horowitz, J. M. and R. Em. Smith.

membrane conductance of brown fat cells.
Effect of norepinephrine on

Fed. Proc. 30:320, 1971.

Scobey, R. and J. M. Horowitz. The response of monkey r_tinal

ganglion cells to the flashing and moving luminous spot. Society

for Neuroscience -- First Annual Meeting, October 1971.

Horowitz, J. M. and R. Em. Smith. Response of a hippocampal

network with a background level of excitation. Fed. Proc., 1972.

Mackay, R. S., G. Eilers, J. M. Horowitz and E. Marg. Ultrasonic

echo imaging in eye research. Digest of the 1962 15th Annual

Conference in Medicine and Biology, Paper 9, 1962.

Horowitz, J. M., R. Karem and M. Saleh. Response of a hippocampal

network to changes in cutaneous temperature. Fed. Proc. 32:407,

1973.

Horowitz, J. M. and C. A. Fuller. Central neural signals and the

regulation of nonshivering thermogenesis. International Symposium

on Depressed Metabolism and Cold Thermogenesis, Prague, October 9-

12, 1974.

Horowitz, J. M. and C. A. Fuller. Concurrent neural control of

shivering and nonshivering thermogenesis. XXVI International

Congress of Physiological Sciences - Satellite Conference, Israel,

1974.

Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Evaluation of

neural models controlling heat production in cold-exposed animals.

Biomedical Engineering Symposium Abstracts, p. 10, UCD, 1974.

Smietana, P. J., J. M. Horowitz and T. J. Willey. CS_ programs

for dispersion of signals over a fiber tract and for coupling

between a fiber tract and a neural network. Biomedical Engineering

Symposium Abstracts, p. 11, UCD, 1974.

Horowitz, J. M. and J. Mates. Correlation of hippocampal pyramidal

cell activity with the theta rhythm and with dispersion over a

feedback branch of a neural network. Biomedical Engineering

Symposium Abstracts, p. 12, UCD, 1974.

Thompson, A. C., J. M. Horowitz and I. H. Wagman. Rates of radiant

thermal stimulation and threshold levels of cutaneous nociception

in man. Fed. Proc. 35:768, 1976.

Horwitz, B. A. and J. M. Horowitz. Thermoregulatory responses of

unanesthetized rats exposed to I to 4G. Fed. Proc. 36:579, 1977.

Horowitz, J. M. and I. I. Geschwind. Melanosome dispersion within

a single melanophore following iontrophoretic release of cyclic

AMP. Fed. Proc. 36:284, 1977.

25



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Horowitz, J. M. and R. E. Plant. Simulation of energy conversion

in brown adipose tissue using network thermodynamics: I.

Interaction of cellular components. Biomedical Engineering

Symposium Abstracts, p. 2, UCD, 1977.

Plant, R. E. and J. M. Horowitz. Simulation of energy conversion

of brown adipose tissue using network thermodynamics: II.

Coupling between chemical reactions and ion transport. Biomedical

Engineering Symposium Abstracts, p. 3, UCD, 1977.

Giacchino, J., J. Horowitz and B. Horwitz. Simulation of the

thermoregulatory system of rats exposed concurrently to cold and to

gravitational fields of I to 4G. Biomedical Engineering Symposium

Abstracts, p. 28, UCD, 1977.

Giacchino, J., J. M. Horowitz and B. A. Horwitz. Simulation of the

therzoregulatory system of rats exposed to hypergravic fields and

to low ambient temperatures. Fed. Proc. 37:426, 1978.

Giacchino, J., J. M. Horowitz and B. A. Horwitz. Thermoregulation

of unanesthetized rats during and after exposure to

hypergravitational fields. Fed. Proc. 38:1053, 1979.

Horowitz, J. M. and M. A. Longshore. Comparison of hippocampal

evoked activity in vivo and in vitro. Fed. Proc. 38:898, 1979.

Longshore, M., J. M. Horowitz and G. M. Mikuckis. Extracellular

and intracellular injection of melanocyte stimulating hormone and

the response of single melanophores in frog skin. The Physiologist

22:79, 1979.

Horowitz, J. M., E. Schertel and B. A. Horwitz. Centrifuge high-g

effects on temperature regulation in unanesthetized rats. The

Physiologist 22:58, 1979.

Longshore, M. A., J. M. Horowitz and H. L. Nguyen.

and characterization of adrenergic plasma membrane

frog skin melanophores. Fed. Proc. 39:732, 1980.

Localization

receptors on

Giacchino, J. L., J. M. Horowitz and E. R. Schertel. Effect of p-

chlorophenylalanine on thermoregulation of unrestrained rats. Fed.

Proc. 39:990, 1980.

Horowitz, J. M., J. L. Giacchino and K. S. Kott. Signal dispersion

within a hippocampal neural network in the rabbit and rat. Society

for Neuroscience, Abstracts 6:564, 1980.

28. Wickler, S. J., B. A. Horwitz and J. M. Horowitz. Metabolic

organization of muscle and brown fat in normal and dystrophic

hamsters. Fed. Proc. 40:518, 1981.

29. van Kan, P. L. E., C. Morgan, J. Horowitz and B. A. Horwitz. Na ÷-

dependent glucose transport in dystrophic and normal hamster ileum.

Fed. Proc. 40:347, 1981.

26



30.

31.

32.

33.

34.

35.

36.

37.

39.

39.

40.

41.

42.

Rothfeld, J., K. Kott, J. Horowitz and B. A. Horwitz. The in vitro
and in vivo effects of norepinephrine on the membranepotential of
hamster skeletal muscle. Fed. Proc. 40:614, 1981.

Giacchino, J. L. and J. M. Horowitz.
activity in a hippocampal neural
Neuroscience, Abstracts 7:451, 1981.

Modulation of background
network. Society for

Jones, T. A., L. Hoffman and J. M. Horowitz.
function in rats exposed to hypergravic fields.
24213, 1982.

Altered auditory
The Physiologist

Horowitz, J. M., J. Hamilton and B. A. Horwitz. Norepinephrine-
induced transmembranepotential changes in normal and dystrophic
hamster brown adipocytes. Fed. Proc. 41:1613, 1982.

Horowitz, J. M., C. B. Monsonand B. A. Horwitz. Effects of
restraint hypothermia on heat production in rats exposed to hyper-

gravic fields. The Physiologist 24:212, 1992.

Jones, T. A. and J. M. Horowitz.

noise on short-latency auditory

Neuroscience, Abstracts, 8:975, 1982.

The effects of interstimulus

responses. Society for

Horowitz, J. M., S. J. Wickler and B. A. Horwitz.

normal and dystrophic hamsters during nonshivering

Fed. Proc. 42:1323, 1983.

Blood flow in

thermogenesis.

Monson, C. B., J. M. Horowitz and B. A. Horwitz. Evidence for

parallel controllers in rats exposed to hypergravic fields. Fed.

Proc. 42:1124. 1983.

Hamilton, J., J. M. Horo_;itz and B. A. Horwitz. Norepinephrine-

induced depolarization of hamster skeletal muscle in vitro. Fed.

Proc. 42:995, 1983.

Horowitz, J. M. and B. A. Horwitz. Thermoregulation in cold- and

noncold-acclimated rats cold-exposed while in hypergravic fields.

XXIX International Congress, International Union of Physiological

Sciences, Australia, 1983.

Hoffman, L. and J. Horowitz. Wide band noise masks brainstem

responses evoked by clicks more effectively than responses evoked

by angular acceleration in rats. Soc. for Neuroscience, Abstracts,

10:112, 1984.

Monson, C. B., J. M. Horowitz and J. Oyama. Thermoregulation

during cold exposure at 2.1 g in rats adapted to hypergravic

fields. Fed. Proc. 43:907, 1984.

Hoffman, L. F. and J. M. Horowitz. Far-field brainstem responses

evoked by vestibular and auditory stimuli exhibit increases in

interpeak latency as brain temperature is decreased. Sixth Annual

Meeting IUPS Commission on Gravitational Physiology, Switzerland,

1984.

27



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Monson, C. B., S. Patterson, J. Oyama and J. M. Horowitz. Cold

tolerance of rats adapted to hypergravity. Fed. Proc. 44(3):623,

1985.

Martin, S. M., M. Thomas, K. Scharruhn and J. M. Horowitz.

Temperature effects on evoked potentials of hippocampal slices from

euthermic, cold-acclimated and hibernating hamsters. Fed. Proc.

44:1045, 1985.

Horowitz, J., S. Patterson and C. Monson. Oxygen consumption

during cold exposure at 2.1 g in rats adapted to hypergravic

fields. American Physiological Society, New York, 1985.

Hoffman, L., T. A. Jones, B. Fullerton and J. Horowitz.

Hypothermia-induced changes in interpeak latency of brainstem audi-

tory evoked responses recorded from hamsters and rats. American

Physiological Society, New York, 1985.

Horowitz, J. M., M. P. Thomas and P. J. Eckerman. Hippocampal

activity in hibernating and nonhibernating animals. Living in the

Cold, an international symposium, Fall Leaf Lake Conference Center,

California, Oct 6-11, 1985.

Hoffman, L. and J. Horowitz. Can impulse angular acceleration

activate both the vestibular and auditory systems in rats? ASGSB

Annual Meeting, Charlottesville, Va., 1986.

Horowitz, J., M. Lindley and M. Thomas. A model of hippocampal

pyramidal cells and the effects of temperature. Fed. Proc. 45:408,
1986.

Thomas, M. P., P. J. Eckerman and J. M. Horowitz. Temperature and

pH effects on evoked responses from hippocampal slices. Soc. for

Neuroscience, Abstracts, 16th Annual Meeting, 12:1529, 1986.

Hamill, N. J., J. M. Horowitz and M. D. McGinn. Peripheral and

brainstem auditory responses in squirrels arrousing from

hibernation. Fed. Proc. 46:839, 1987.

Thomas, M. P. and J. M. Rorowitz. Simulation of thermal effects on

four membrane channels in hippocampal pyramidal cells. Soc. for

Neuro., 1987.

Horowitz, J. M. and M. P. Thomas• Serotonergic mechanisms and the

hippocampal slice preparation. ASGSB, Utah State Univ., Logan,

Utah, 1987.

PUBLICATIONS -- FULL PAPERS:

I • Everhart, T. E. and J. Horowitz. Limitations of space-time

harmonics for microwave amplification. Electronic Research

Laboratory, University of California Series No. 60, Issue No. 440,

1962.

28



2. Horowitz, J. M. and W. F. Freeman. Evokedpotentials arising from
neural population elements excited at different times on a warped
surface. Bulletin of Math Biophysics 28:519-535, 1966.

3- Horwitz, B. A., J. M. Horowitz and R. Em. Smith. Norepinephrine-
induced depolarization of brown fat cells. Proc. Nat. Acad. Sci.
64:113-120, 1969.

4. Horowitz, J. M., B. A. Horwitz and R. Em. Smith. Control of brown

fat thermogenesis: A systems approach. J. de Physiologie 63:273-

276, 1971.

5- Horowitz, J. M., B. A. Horwitz and R. Em. Smith. Effect in vivo of

norepinephrine on the membrane resistance of brown fat cells.

Experientia 27:1419-1421, 1971.

6. Horowitz, J. M. Evoked activity of single units and neural

populations in the hippocampus of the cat. Electroenceph. Clin.

Neurophys. 32:227-240, 1971.

7. Walters, R. F., G. M. Nishimoto, J. M. Horowitz and R. E. Burger.

Initial development of individualized instruction with computer

support. Proceedings of the 1972 Conference on Computers in

Undergraduate Curricula, pp. 199-207, 1972.

8. Horowitz, J. M. Neural control of thermogenesis in brown adipose

tissue. Fed. Proc., pp. 115-121, Fed. of the Amer. Soc. of Exper.

Biol., 1972.

9. Scobey, R. and J. M. Horowitz. The detection of small image

displacements by cat retinal ganglion cells. Vision Res. 12:2133-

2143, 1972.

10. Horowitz, J. M., W. J. Freeman and P. J. Stoll. A neural network

with a background level of excitation in the cat hippocampus.

Internat. J. Neurosci. 5:113-123, 1973.

11. Horowitz, J. M. and L. K. Erskine. Central regulation of

temperature in cold environments. I. A dynamic model with two

temperature inputs. Computers and Biomed. Res. 6:57-73, 1973.

12. Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Central

regulation of temperature in cold environments. II. A dynamic

model with three temperature inputs. Computers and Biomed. Res.

7:164-182, 1974.

13. Horowitz, J. M., M. A. Saleh and R. D. Karem. Correlation of

hippocampal theta rhythm with changes in cutaneous temperature.

Am. J. Physiol. 227(3):635-642, 1974.

14. Teskey, N., B. Horwitz and J. Horowitz. Norepinephrine-induced

depolarization of skeletal muscle cells. Eur. J. Pharmacol.

30:352-355, 1975.

29



15. Martin, S. M., G. P. Mobergand J. M. Horowitz. Glucocorticoids
and the hippocampal theta rhythm in loosely restrained,
unanesthetized rabbits. Brain Res. 93:535-542, 1975.

16. Horowitz, J. M., P. J. Smietana, Jr. and T. J. Willey. Disp@rsion
along fiber tracts and in the coupling between tracts and a
cortical network. ComputerProg. Biomed. 4:253-262, 1975.

17. Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Sorting of
signals from thermosensitive areas. Computer Prog. Biomed.
4(4):263-273, 1975.

18. Horowitz, J.M. Neural models on temperature regulation for cold-
stressed animals. In: Temperature Regulation and Drug Action,

(P. Lomax, E. Schonbaum and J. Jacob, Editors), Karger:New York,
pp. 1-10, 1975.

19. Fuller, C. A., B. A. Horwitz and J. M. Horowitz. Shivering and

nonshivering thermogenic responses of cold-exposed rats to

hypothalamic warming. Am. J. Physiol. 228:1519-1524, 1975.

20. Horowitz, J. M. and J. W. B. Mates. Signal dispersion within a

hippocampal neural network. Computers Biol. Med. _:283-296, 1975.

21. Scobey, R. P. and J. M. Horowitz. Detection of image displacement

by phasic cells in peripheral visual fields of the monkey. Vis.
Res. 16:15-24, 1976.

22. Horowitz, J. M., C. A. Fuller and B. A. Horwitz. Central neural

pathways in the control of nonshivering thermogenesis. In:

Regulation of Depressed Metabolism and Thermogenesis, (L. Jansky

and X. J. Musacchia, Editors), Chapter I, pp. 3-25, Charles C.

Thomas Publisher:Springfield, Illinois, 1976.

23. Mates, J. and J. M. Horowitz. Instability in a hippocampal neural

network. Computer Prog. Biomed. 6:74-84, 1976.

24. Horowitz, J. M., R. G. Tearce and B. Mulloney. Comparison of

electrical activity and behavioral correlates of neural networks in

the cat and locust. Computer Prog. Biomed. 6:92-100, 1976.

25. Mates, J. W. B. and J. M. Horowitz. Interacting neural networks on

a cortical surface. In: Proceedin_ 1975 Winter Simulation

Conference, Society for Computer Simulation, La Jolla, CA, pp. 187-
193, 1976.

26. Flaim, K. E., J. M. Horowitz and B. A. Horwitz. Functional and

anatomical characteristics of nerve-brown adipose interaction in

the rat. Pflugers Archives 365:9-14, 1976.

27. Horowitz, J. M. Concurrent neural control of shivering and

nonshivering thermogenesis. Israel J. Med. Sci. 12:1082-1085,
1976.

3O



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Horowitz, J. M., B. A. Horwitz and J. W. B.
Thermoregulatory models and their relationship to fever and
transmitters. Biometerology_(Part II):137-149, 1976.

Mates.
neural

Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Effects of
acceleration on the thermoregulatory responses of unanesthetized
rats. J. Appl. Physiol. 42:74-79, 1977.

Fuller, C. A., J. M. Horowitz and B. A. Horwitz.
thermosensitivity and sorting of neural signals in
rats. J. Appl. Physiol. 42:154-158, 1977.

Spinal cord
cold-exposed

Horowitz, J.M. Norepinephrine and thermoregulatory networks. In:
Drugs, Biogenic Amines and Body Temperature, (Copper, Lomax and
Schonbaum, Editors', pp. I-4, 1977.

Flaim, K. E., B. A. Horwitz and J. M. Horowitz. Coupling of

signals to brown fat: alpha- and beta-adrenergic responses in

intact rats. Am. J. Physiol. 232(2):RI01-IO9, 1977.

Horwitz, B. A. and J. M. Horowitz. Role of the plasma membrane in

brown fat thermogenesis. Experientia 33:1126-1128, 1977.

Geschwind, Irving I., John M. Horowitz, Gene M. Mikuckis and Roberg

Dewey. Iontophoretic release of cyclic AMP and dispersion of

melanosomes within a single melanophore. J. Cell Physiol. 74:928-

939, 1977.

Horowitz, J. M. and B. A. Horwitz. Thermoregulatory responses of

unanesthetized rats exposed to gravitational fields of I to 4g.

In: COSPAR: Life Sciences and Space Research XVI, (R. Holmquist
and A. C. Strickland, Editors,, Pergamon Press Oxford and New York,

pp. 77-82, 1978.

Horowitz, J. M. and B. A. Horwitz. An overview of neural models

postulated for thermoregulation. In: Body Temperature:

Regulation, Drug Effects and Therapeutic Indications, (P. Lomax and

E. Schonbaum, Editors), Dekker:New York, pp. 25-37, 1978.

Horowitz, J. M. and R. E. Plant. Controlled cellular energy

conversion in brown adipose tissue thermogenesis. Am. J. Physiol.

253:RI21-R129, 1978.

Plant, R. E. and J. M. Horowitz. Simulation of coupling between

chemical reactions and ion transport in brown adipose tissue using

network thermodynamics. Computer Prog. Biomed. 8:171-179, 1978.

Giacchino, J., J. M. Horowitz and B. A. Horwitz. Simulation of the

thermoregulatory system of rats exposed concurrently to cold and to

acceleration fields. Computers Biol. Med. 9:205-211, 1979.

Plant, R. E. and J. M. Horowitz. Energy conversion in biological

systems. I. Chemical reactions and ion transport. Journal of the

Franklin Institute 308:269-280, 1979.

31



41. Horowitz, J. M., J. L. Giacchino and B. A. Horwitz. Energy
conversion in biological systems. II. Heat production in brown
adipose tissue. Journal of the Franklin Institute 308:281-295,
1979.

42. Giacchino, J., J. M. Horowitz and B. A. Horwitz. Thermoregulation
in unrestrained rats during and after exposure to 1.5 to 4G. J.
Appl. Physiol. 46(6):1049-1053, 1979.

43. Horowitz, J. M., E. R. Schertel and B. A. Horwitz. Centrifuge
high-g effects on temperature regulation in unanesthetized rats.
The Physiologist 22:$57-$58, 1979.

44. Horowitz, J. M., G. M. Mikuckis and M. A. Longshore. The response
of single melanophores to extracellular and intracellular
iontophoretic injection of melanocyte-stimulating hormone.
Endocrinology I06:770-777, 1980.

45.

46.

Teskey, N. J., J. M. Horowitz and B. A. Horwitz. Norepinephrine-

induced membrane responses in normal and dystrophic hamster muscle.

Proc. Soc. Exp. Biol. Med. 164:331-335, 1980.

Ross, D., J. M. Horowitz and R. E. Plant. Oscillatory neural

networks in the rabbit hippocampus. Biol. Cybernetics 37:115-124,

1980.

47. Schertel, E. R., J. M. Horowitz and B. A. Horwitz. Effects of

gravitational profiles on the rat's thermoregu!atory response to

cold. J. Appl. Physiol.: Respir. Environ. Exer. Physiol. 49:663-

668, 1980.

48.

49.

Horowitz, J. M., B. A. Horwitz and J. Oyama. Alterations in heat

loss and heat production mechanisms in rats exposed to hypergravic

fields. The Physiologist 23:$119-$120, 1980.

Longshore, M. A. and J. M. Horowitz. Localization and

characterization of adrenergic receptors on frog skin melanophores.

Am. J. Physiol. E84-E89, 1981.

50.

51.

Horowitz, J. M., K. Whitelaw, A. Lim and C. Jacobs. Real-time

analysis of hippocampal neural activity in the intervals between

interictal spikes. Computer Prog. in Biomed. 13:19-26, 1981.

Monson, C. B. and J. M. Horowitz. Simulation of thermoregulation

in serotonin-depleted rats subjected to acceleration fields.

Computer Prog. in Biomed. 13:9-17, 1981.

52. Jones, T. A. and J. M. Horowitz. Core temperature and brainstem

auditory evoked potentials as complimentary noninvasive measures of

central neural function during exposure to hypergravic fields. The

Physiologist 24:$I07-$I08, 1981.

53. Monson, C. B., J. M. Horowitz and B. A. Horwitz. Restraint

hypothermia in cold-exposed rats at 3G and IG. The Physiologist

25:$89- $90, 1982.

32



54.

55.

56.

57.

5_.

59.

60.

61.

62.

63.

64.

65.

0ones, T. A., L. Hoffman and J. M. Horowitz.

function in rats exposed to hypergravic fields.

25:$93-$94, 1982.

Altered auditory

The Physiologist

Jones, T. A. and J. M. Horowitz. Bone-conducted auditory

stimulation in unrestrained, unanesthetized animals. J.

Neuroscience Methods 7:261-267, 1983.

Horowitz, J. M., J. Hamilton and B. A. Horwitz.

induced changes in transmembrane potential and

normal and dystrophic hamster brown adipose tissue.

32:725-731, 1983.

Catecholamine-

temperature in

Life Sciences

Giacchino, J. L., E. R. Schertel, J. M. Horowitz and B. A. Horwitz.

Effect of p-chlorophenylalanine on thermoregulation in unrestrained

rats. Am. J. Physiol. 244:R299-R302, 1983.

Monson, C. B., J. M. Horowitz and B. A. Horwitz. Hypergravic

fields and parallel controllers for thermoregulation. J. Appl.

Physiol.: Respirat. Environ. Exercise Physiol. 55:990-995, 1983.

Willey, T. J., G. Maeda, R. L. Schultz, W. S. Seibly and J. M.

Horowitz. The principal projection pathway between the olfactory

bulb and the prepyriform cortex in the cat. J. Neurosci. Res.

9:253-277, 1983.

Horowitz, J., B. A. Horwitz and C. B. Monson. Thermoregulation in

cold- and noncold-acclimated rats cold exposed in hypergravic

fields. The Physiologist 26:$169-$172, 1983.

Monson, C. B. and J. M. Horowitz. Impairment of thermogenesis and

heat conservation in rats during 3 hours of 3G exposure. J. Aviat.

Space and Environ. Med. 55:542-545, 1984.

Horowitz, J. and B. Horwitz. Changes in the number and

characteristics of brown adipocytes underlies the impaired

thermogenic response of dystrophic hamsters. In:

Thermal Physiolo_ (J. R. S. Hales, editor). Raven Press: New

York, pp. 179-182, 1984.

Hoffman, L. F. and J. M. Horowitz. Far-field brainstem responses

evoked by vestibular and auditory stimuli exhibit increases in

interpeak latency as brain temperature is decreased. The

Physiologist 27:$89-$90, 1984.

Mlayj, W., R. E. Smith and J. M. Horowitz. New directions in

scientific computing: Impact of advances in microprocessor

achitecture and system design. Comp. Prog. in Biomed. 18:149-162,

1984.

Hooper, D. C., S. M. Martin and J. M. Horowitz. Temperature

effects on evoked potentials of hippocampal slices from euthermic

chipmunks, hamster and rats. J. Thermal Biol. 10:35-40, 1985.

33



66. Horowitz, J., S. Patterson and C. Monson. Oxygenconsumption
during cold exposure at 2.1G in rats adapted to hypergravic fields.
The Physiologist 28:$141-$142, 1985.

67.

68.

69.

70.

71.

Horowitz, J. M., J. Hamilton and B. Horwitz. Norepinephrine
depolarizes sartorius but hyperpolarizes soleus muscle in vitro.
Eur. J. Pharmacol. 119:85-92, 1985.

Thomas, M. P., S. M. Martin, and J. M. Horowitz. Temperture
effects on evoked potentials of hippocampal slices from noncold-
acclimated, cold-acclimated and hibernating hamsters. J. Thermal
Biol. 11:213-218, 1986.

Smith A. H., E. M. Bernauer, A. L. Black, R. E. Burger, J. H.
Crowe, J. M. Horowitz, G. P. Mobergand E. M. Renkin. History of
physiology at University of California, Davis. The Physiologist
29:46-57, 1986.

Horowitz, J. M., M. Thomasand P. Eckerman. Thermal dependenceof
neural activity in the hamster hippocampal slice preparation. J.
Thermal Biol. in press. 1987.

Lindley, M. A., M. P. Thomas,and J. M. Horowitz.
the effects of temperature on hippocampal neurons.
Biomed. in press. 1987.

A simulation of
Comp. Prog. in

34



CUHRICULL_ VITA

Barbara Horwltz

mEE_TE: 91261_0

RAT/C_TY: US citizen

EDUCATION:

Institution

Urdvers_ty of Florlda, C_inesville

Un/verslty of Florlda, Gainesville

Emory Un/verslty, Atlanta, Georgia

Marine Biol. lab, Woods Nole, Mass.

University of Cal/forn_a, Los Angeles
& Davis

Year " Scientific

Degree Confe_Ted Field

B.S. 1961 B_ology

M.S. 1962 Biology

Ph.D. 1966 P_0_ioloe-
-- -- Fhyslolo_"

Postdoc. 1966-1968 Physiology

THESIS WORK:

Master of Science

"Temperature Effects on Oxygen Uptake of Liver and Kidney Tissues of a Hibernating

and a Non-h/bernat/ng Mammal"

Doctor of Fh/losophy

"The Effect of Temperature on the Oxidative )k=tabol/smand Mor_ology

Fitochondrla from a Hibernating and a Non-h_bernatlng Mammal"

of ldver

HONORS AND M_RSHIP IE PROFESSIONAL SOCIETIES:

l_r.iBeta Kappa

ImrdKappa Fh_
Sigma Xi

Fh/ Sigma

Alplm Elm_ion Delta
Alpba lambda Delta

Outstanding undergraduate in Biolog/cal Sciences
(Urnv.of Florida,1960-61),

'%4ho'sWho in American CoLleges and Universities"

(1965 - representlng Emory Grad. School)

F_mnberof: American Hhyslolog_caly Society
American Institute of Nutrition

New York Academy of Sciences

American Society of Zoologists

FAJOR RESEARCH INTERESTS:

Regulatlon of Cellular Metaboldsm

Environmental Hhyslology

Temperature Regulatlon/Cellular Thermogenesis

Catecholamlne-receIfcorInteraction

Cellular Adaptation

Obesity

35



HESEAECN._D/OR I_OFESSIC_AL EXPERIENCE

19?8-present

1975-1978

1972-1975

1968-z972

1966-1968

 963-z96 

I_3-I_6

Professor of Fhysiology (UC Davis)

Associate Professor of Hh_ology (UC Davis)

Assistant Professor of l_nyslology(UC Davis)

Assistant Eesearch _T_lologist (UC Davis)

Postdoctoral Fellow (UCIA, UC Davis)

_PHS trainee in Fertlldzatlon and Gamete FhyB_olo&v

lab, Woods Hole, _s. )

USPE_ trainee in Physlology (Emory Unlvarslty)

USPHS Predoctoral Fellow (Urdveralty of Florida)

Teachlng/Research Assistant -- Biology Department
Florida )

Horwltz/2

(Marine Biology

(Unlversity of

36



PUBLICATIONS -- ABSTRACTS:

i. Horwitz, B. A. and L. Nelson. Myokinase activity in sea urchin fragments.

Biol. Bull. 125:366, 1963.

2. Horwitz, B. A. and I. Nelson. Adenylate kinase and ATPase activity in spisula

and Asterias eggs. Biol. Bull. 127:374, 1964.

3. Horwitz, B. A. and L Nelson. Rates of oxygen consumption of Arbacia," Asterias,

and Spisula eggs. Biol. Bull. 127:374, 1964.

4. Horwitz, B. A., L. Nelson and R. E. Smith. Differential temperature

sensitivities of rates of respiration and phosphorylation in liver mitochondria

from cold-adapted rats. Fed. Proc. 26, 1967.

. Horwitz, B. A., R. E. Smith and E. T. Pengelley. Estimated thermal contribution

of brown fat during arousal of the ground squirrel, C. lateralis. The

Physiologist 10:206, 1967.

6. Horwitz, B. A., P. A. Herd and R. E. Smith. Electron transport-coupled

phosphorylation in brown adipose tissue. Fed. Proc. 27:633, 1968.

7. Herd, P. A. and B. A. Horwitz. Factors controlling brown fat mitochondrial

respiration. Fed. Proc. 28:721, 1969.

. Horwitz, B. A., P. A. Herd, J. M. Horowitz, Jr. and R. E. Smith. Brown fat:

Effect of norepinephrine on intracellular potentials and Na+/K + ATPase activity.

Th___ePh}'siologist 12:257, 1969.

9. Herd, P. A. and B. A. Horwitz. Brown fat mitochondria: Coupled endogenous

respiration. Fed. Proc. 29:659, 1970.

i0. Horwitz, B. A. and J. F. Detrick. Role of brown fat in the norepinephrine-

induced thermogenic response of cold-acclimated rats. Fed. Proc. 30:319, 1971.

11. Horwitz, B. A. Role of active sodium transport in brown fat thermogenesis.

Proc. International Symposium on Temperature Regulation, Jerusalem, Israel,

Oct., 1974.

12. Horwitz, B. A. Effects of alpha- and beta-adrenergic agonists on responses of

brown adipocytes. Fed. Proc. 34:477, 1975.

13. Jacobs, J. R. and B. A. Horwitz. Characteristics of a lipolytic extract from

rabbit urine. Fed. Proc. 35:518, 1976.

14. Leung, P. M. B. and B. A. Horwitz. Feeding patterns of rats in response to

changes in energy demand. Fed. Proc. 35:520, 1976.

15. Horwitz, B. A. and J. M. Horowitz. Thermoregulatory responses of unanesthetized

rats exposed to 1 to 4G. Fed___:.Proc____.36:579,1977.

16. Hamilton, J. and B. A. Horwitz. Brown fat lipolysis: Effects of adrenergic

agonists and cyclic nucleotides. Fed. Proc. 36:579, 1977.

17. Giacchino, J., J. M. Horowitz and B. A. Horwitz. Simulation of the

thermoregulatory system of rats exposed to hypergravic fields and to low ambient

temperatures. Fed. Proc. 37:426, 1978.

37



18. Giacchino, J., J. M. Horowitz and B. A. Horwitz. Thermoregulation of
anesthetized rats during and after exposureto hypergravitational fields. Fed.
Proc. 38:1053, 1979.

19. O_)onnell, M. E. and B. i Horwitz. Effect of an uncoupler on ouabain-sensitive
norepinephrine-inducedVO2 in brownadipocytes. Fed. Proc. 38:1055, 1979.

20. Horowitz, J. M., E. Schertel, and B. _ Horwitz. Centrifuge high-g effects on
temperatureregulation in unanesthetizedrats. ThePhysiologist 22:58, 1979.

21. O'Donnell and B. A. Horwitz. Effects of butyrate and oligomycin on ouabain

sensitive norepinephrine (NE)-induced _32 in brown adipocytes. Fed. Proc.
39:1182, 1980.

22. Hettinger, D. R. and B. A. Horwitm Catecholamine stimulation of the (Na+/K+_

ATPase in brown adipose tissue. Fed. Proc. 39:979, 1980.

23. van Kan, P. L. E., C. Morgan, J. Horowitz and B. A. Horwitz. Na+-dependent

glucose transport in dystrophic and normal hamster ileum. Fed. Proc. 40:374,
1981.

24. Rothfeld, J., K. Kott, J. Horowitz and B. A. Horwitz. The in vitro and in vivo

effects of norepinephrine on the membrane potential of hamster skeletal muscle.

Fed. Proc. 40:614, 1981.

25. Cornett, L E., B. _ Horwitz and J. M. Roberts. Beta-adrenergic receptors in

brown fat from dystrophic and normal hamsters. Fed. Proc. 40:254, 1981.

26. Wickler, S. J., B. A. Horwitz and J. M. Horowitz. Metabolic organization of

muscle and brown fat in normal and dystrophic hamsters. Fed. Proc. 40:518,
1981.

27. Horwitz, B. A. Diverse approaches to teaching environmental physiology. Fed.

Proc. 40:377, 1981.

28. Horwitz, B. A. and M. Mooney. Effects of a Na+ ionophore on the norepinephrine-

stimulated (Na+/K+)-ATPase in brown adipose tissue. Fed. Proc. 40:612, 1981.

29. Wickler, S. J., B. A. Horwitz and J. S. Stern. Catecholamine-stimulated blood

flow is impaired to brown adipose tissue in genetically obese rats. Fed. Proc.

41:389, 1982.

30. Horwitz, B. A., J. Finch and M. Roche. Calcium involvement in MSH-evoked

melanosome dispersion. Fed. Proc. 41:1594, 1982.

31. Horowitz, J. M., J. Hamilton and B. A. Horwitz. Norepinephrine-induced

transmembrane potential changes in normal and dystrophic hamster brown

adipocytes. Fed. Proc. 41:1613, 1982.

32. Kott, K. S., S. J. Wickler and B. A. Horwitz. The effect of photoperiod and

temperature on brown adipose tissue. The Physiologist 25:244, 1982.

33. Wickler, S., K. Kott and B. A. Horwitz. Hibernation: A natural analog to

exercise inactivity? The Physiologist 25:244, 1982.

34. Horowitz, J. M., C. B. Monson and B. A. Horwitz. Effects of restraint on two

modes of heat production of cold-exposed rats in hypergravic fields. The

38



Physiologist 25:212, 1982.

35. Stern, J. S., S. J. Wickler and _ A. Horwitz. Blood flow is impaired to brown

adipose tissue in Zucker obese rats. J. Nutr. 112:16, 1982.

6. Monson, C. B., J. M. Horowitz and B. A. Horwitz. Evidence for parallel

thermocontrollers in rats exposed to hypergravic fields. Fed. Proc. 42:1]24,
1983.

37. Hamilton, J., J. M. Horowitz and B. A. Horwitz. Norepinephrine-induced

depolarization of hamster skeletal muscle in vitro. Fed. Proc. 42:995, 1983.

38. Horowitz, J. M., S. J. Wickler and B. A. Horwitz. Blood flow in normal and

dystroophic hamsters during nonshivering thermogenesis (NST). Fed. Proc.
42:]323, 1983.

39. Arrendell, W. B. and B. A. Horwitz. Inhibition of brown fat thermogenesis and

lipolysis by chlorpromazine and trifluoperazine, two calmodulin inhibitors.

Fed. Proc. 42:1323, 1983.

40. Wickler, S. J., Z. Glick, J. S. Stern and B. A. Horwitz. Blood flow into brown

fat and into other tissues following a single meal. Fed. Proc. 42:1190, 1983.

41. Horwitz, B. A., T. Inokuchi, S. Wickler and J. S. Stern. Removal of brown fat

from obese and lean Zucker rats. Fed. Proc. 42:1188, 1983.

42. Wickler, S. J., Z. Glick, J. S. Stern and B. _ Horwitz. Blood flow into brown

fat is greater after a high carbohydrate than after a high fat test meal. Fed.

Proc. 43:1062, 1984.

43. Moore, B. J., B. A. Horwitz and J. S. Stern. Brown fat lipectomy decreases food

intake and increases adiposity in cold-exposed rats. Fed. Proc. 43:852, 1984.

44. Kott, K. S. and B. A. Horwitz. The effect of photoperiod and castration on

brown adipose tissue (BAT). Fed. Proc. 43:797, 1984.

45. Moore, B. J., J. E. Reynolds, B. A. Horwitz and J. S. Stern. Brown adipose

tissue (BAT) mediates the increased energy expenditure of rat pups raised in

small litters. Fed. Proc. 44:1678, 1985.

46. Gerard., T., B. J. Moore, J. S. Stern and B. A. Horwitz. Prolactin depresses

brown fat thermogenesis while increasing food intake and white fat depots. Fed.

Proc. 44:1160, 1985.

47. Horwitz, B., J. Hamilton and K. Kott. Brown fat mitochondria from hibernating

hamsters exhibit reduced GDP binding. Fed. Proc. 44:1161, 1985.

8o Moore, B. J., P. J. Armbruster, B. A. Horwitz and J. S. Stern. Energy

expenditure is reduced in 2-day old preobese Zucker fatty rats. North Am.

Assoc. for Study of Obesity meeting, Univ. Wash., 1984.

49. Stern, J. S., B. J. Moore and B. A. Horwitz. Impaired thermogenesis and its

role in the development of obesity. Appetite, 6:171, 1985.

0. Moore, B. J., B. A. Horwitz, and J. S. Stern. Rates of oxygen consumption (VO2)

at thermoneutrality and in response to cold in newborn male Zucker rats. In:

Regulation of Energy Expenditure; ed. F_ S. Horton and E. Danforth, Jr. London:

Libby p. A-13, 1985.

39



51. Moore, B. J., J. S. Stern, and B. A. Horwitz.
to acute cold exposure in the neontal rat.
Fallen Leaf Lake, Ca., 1985.

Diet alters thermogenicresponse
"Living in the Cold" Symposium,

52. Moore, B. J., T. Gerardo-Gettens, B. A. Horwitz, and J. S. Stern.
Hyperprolactinemia: possible stimulatory effects on food intake. Presentedat
'_echanisms of Appetite and Obesity", SanAntonio, Tx., October 1985.

53.
°

Moore, B. J., T. Inokuchi, J. S. Stern, and B. A. Horwitz. Brown adipose tissue

lipectomy leads to decreased food intake and increased fat deposition in the

Osborne-Mendel rat. Appetite 6:179, 1985.

4e Gerard., T., B. J. Moore, J. S. Stern, and B. A. Horwitz. Hyperprolactinemia

decreases GDP binding in brown fat mitochondria. "Living in the Cold"

Symposium, Fallen Leaf Lake, Ca., 1985.

55. Wickler, S. J., J. S. Stern, and B. A. Horwitz. Oxygen consumption and brown

adipose tissue (BAT) blood flow are normalized in adrenalectomized Zucker obese

(fa/fa) rats. Fed. Proc. 45:482, 1986.

56. Gerardo-Gettens, T., B. J. Moore, J. S. Stern, and B. A. Horwitz. Ovariectomy

does not alter the suppression of brown fat (BAT) GDP binding in the lactating

rat. Am. J. Clin. Nutrit. 43:6, A-14, 1986.

57. Moore, B. J., _ Inokuchi, B. A. Horwitz, and J. S. Stern. Brown fat metabolism

is significantly reduced in nonlactating rat dams. Am. J. Clin. Nutrit. 43:6,
A-16, 1986.

8. Moore, B. J., T. Inokuchi, B. A. Horwitz, and J. S. Stern. Pregnancy followed

by lactation or no lactation leads to increased fat cell number and increased

risk of obesity in the rat. Am. J. Clin. Nutrit. 43:6, A-15, 1986.

59. Moore, B. J., T. Inokuchi, B. A. Horwitz, and J. S. Stern. Recovery of brown

fat metabolism is complete after one cycle of pregnancy and lactation in the

rat. Fifth International Congress on Obesity, Jerusalem, 1986.

0. Moore, B. J., T. Inokuchi, B. A. Horwitz, and J. S. Stern. Factors associated

with reproduction lead to increased fat cell number and predispose rat dams to

obesity. Fifth International Congress on Obesity, Jerusalem, 1986.

61. Gerardo-Gettens, T., B. J. Moore, J. S. Stern, and B. A. Horwitz. Exogenous

prolactin administration stimulates food intake in a dose-dependent manner.

IXth International Conference on the Physiology of Food & Fluid Intake, Seattle,

WA, 1986.

62. Fournier, L., N. Cortez, B. J. Moore, K.S. Kott, T. W. Castonguay, B. A.

Horwitz, and J. S. Stern. Is 12:12 photoperiod appropriate for studies of food

intake? IXth International Conference on the Physiology of Food & Fluid Intake,

Seattle, WA, 1986.

63. McDonald, R., J. S. Stern, and B. A. Horwitz. Effects of exercise on dietary

induced thermogenesis in rats. Fed. Proc. 45:973, 1986.

64. McDonald, R., B. Horwitz, and J. S. Stern. Brown adipose tissue and cold

exposure in the older rat. The Gerontologist 26:154A, 1986.

4O



65. Fournier, L.M., N. M. Cortez, B. J. Moore, K. S. Kott, T. W.Castonguay, B. A.
Horwitz, and J. S. Stern. Rats are sensitive to photoperiod and pinealectomy.
Fifth International CongressonObesity, Jerusalem,1986.

66. Gerardo-Gettens, T., B. J. Moore, J. S. Stern, and B. A. Horwitz. Is the
prolactin stimulation of food intake progesterone dependent? Fifth
International Congresson Obesity, Jerusalem, 1986.

67. McDonald,R. B., B. Horwitz, and J. S. Stern. Thermiceffect of a meal following
exercise in the rat. Am.J. Clin. Nutr. 43:6, A-13, 1986.

8. McDonald, R. B., J. S. Stern, and B. A. Horwitz. Exercise prevents the age-

related decrease in core temperature of cold-exposed F344 rats. Fed. Proc.

46:1089, 1987.

69. Gong, T. W., B. A. Horwitz, and J. S. Stern. Adrenalectomy, high fat feeding

and thermogenesis in obese and lean Zucker rats. Fed. Proc. 46:1487, 1987.

70. McDonald, R. B., J. S. Stern, and B. A. Horwitz. Effects of aging and exercise

on fat cell number and size. Medicine and Science in Sports and Exercise 19:

$75, 1987.

71. Gerardo-Gettens, T., B. J. Moore, J. S. Stern, and B. A. Horwitz. Prolactin

stimulates food intake in the absence of ovarian progesterone. Fed. Proc.

46:1338, 1987.

41



PUBLICATIONS-- FULLPAPERS

Ii

1

o

Horwitz, B. A. Temperature effects on oxygen uptake of liver and kidney tissue

of a hibernating and non-hibernating mammal. Physiol. Zool. 37:231-239, 1964.

Horwitz, B. A. Rates of oxygen consumption of fertilized and unfertilized

Asterias, Arbscia and Spisula eggs. Expt. Cell. Res. 38:620-625, 1965.

Horwitz, B. A., L Nelson and V. Popovic. Effect of temperature oh oxidative

phosphorylation in hibernators and non-hibernators. J. Appl. Physiol. 22:639-

644, 1967.

4. Horwitz, B. A., R. E. Smith and E. T. Pengelley. Estimated heat contribution of

brown fat in arousing ground squirrels (C. lateralis). Am. J. _ysiol. 214:115-

121, 1968.

.

.

Horwitz, B. A. and L. Nelson. Effect of temperature on mitochondrial

respiration in a hibernator (Mvotis austroriparius) and a non-hibernator (Rattus

rattus). Com_. Biochem. Physiol. 24:385-394, 1968.

Imai, Y., B. A. Horwitz and R. E. Smith. Calorigenesis of brown adipose tissue

in cold-exposed rats. Proc. Exp. Biol. Med. 127:717-719, 1968.

. Smith, R. E., B. _ Horwitz and Y. Imai. Quantitative thermogenesis of brown

fat in hibernation and cold adaptation. In: Quantitative Biology of

Metabolism, ed. by A. Locker and F. Kruger. Springer-Verlag:New York, 1968, pp.
I06-I12.

. Horwitz, B. A., P. A. Herd and R. E. Smith. Effect of norepinephrine and

uncoupling agents on brown adipose tissue. Can. J. Physiol. Pharmacol. 46:897-

9O2, 1968.

. Smith, R. E. and B. A. Horwitz. Brown fat thermogenesis. Physiol. Rev. 49:330-

425, 1969.

i0. Horwitz, B. A., J. M. Horowitz, Jr. and R. E. Smith. Norepinephrine-induced

depolarization of brown fat cells. Proc. Nat. Acad. Sci. 64:]13-121, 1969.

ii.

]2.

Horwitz, B. A., P. A. Herd and R. E. Smith. Bioenergetics of brown adipose

tissue. _ 5:30-34, 1970.

Herd, P. A., B. A. Horwitz and R. E. Smith. Norepinephrine-sensitive Na+/K +

ATPase activity in brown adipose tissue. Experientia 26:825-826, 1970.

13. Horwitz, B. A. Brown fat thermogenesis: Physiological control and metabolic

basi_ In: Nonshiverin£ Thermogenesis, ed. L Jansky. Academia: Prague, 1971,

pp. 221-240.

14. Horowitz, J. M., B. A. Horwitz and R. Em. Smith. Control of brown fat

thermogenesis: A systems approach. J. de Physiol. (Paris) 63:273-276, 1971.

15. Horowitz, J. M., B. A. Horwitz and R. Em. Smith. Effect of norepinephrine on

membrane resistance of brown fat cells. Exyerientia 27:1419-1421, 1971.

16. Horwitz, B. A., J. F. Derrick and R. Em. Smith. Norepinephrine-induced

thermogenesis in cold-acclimated rats: Role of brown adipose tissue.

Experientia 28:284-286, 1972.

42



17. Horwitz, B. A. and R. Em. Smith. Function and control of brown fat
thermogenesis during cold exposure. In: Proceedings of International

Symposium on Environmental Physiology: Bioenergetics, ed. R. E. Smith, J. P.

Harmon, J. L Shields and B. A. Horwitz. FASEB:Washington, 1972, pp. 134-140.

18. Horwitz, B. A. Ouabain-sensitive component of brown fat thermogenesis. Am. J.

Physiol. 224:352-355, 1973.

19. Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Central regulation of

temperature in cold environments -- II. A dynamic model with three temperature

inputs. Computers and Biomed. Res. 8:164-182, 1974.

20. Horwitz, B. A. Physiological and biochemical characteristics of adrenergic

receptors and pathways in brown adipocytes. In: Temperature Regulation and

Drug Action, ed. P. Lomax, E. Schonbaum and 9. Jacob. Karger:New York, 1975,

pp. 150-158.

21. Horwitz, B. A. and G. E. Hanes.

dystrophic and normal hamsters.

1974.

Isoproterenol-induced calorigenesis of

Proc. Soc. Expt. Biol. & Med. 147:392-395,

22. Fuller, C. A., B. A. Horwitz and J. M. Horowitz. Shivering and nonshivering

thermogenic responses of cold-exposed rats to hypothalamic warming. Am. J.

Physiol. 228:1519-1524, 1975.

23. Leung, P. M. B. and B. _ Horwitz. Free-feeding patterns of rats: Effects of

pyrogen and dietary protein content. Am. J. Physiol. 228:1284-1287, 1975.

24. Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Sorting of signals from

thermosensitive areas. Computer Programs in Biomedicine 4:264-274, 1975.

25. Teskey, N., B. Horwitz and J. Horowitz. Norepinephrine-induced depolarization

of skeletal muscle cells. Europ. J. Pharmacol. 30:352-355, 1975.

26. Horwitz, B. A. and M. Eaton. The effect of adrenergic agonists and cyclic AMP

on the Na+/k_ ATPase activity of brown adipose tissue. Europ. J. Pharmacol.

34:241-247, 1975.

27. Horwitz, B. A. The effect of cold exposure on liver mitochondrial and

peroxisomal distribution in the rat, hamster and bat. ComiD. Biochem. and

Physiol. 54A:45-48, 1976.

28. Horwitz, B. A. and G. E. Hanes. Propranolol and pyrogen effects on shivering

and nonshivering thermogenesis. Am. J. Physiol. 230:637-642, 1976.

29. Horowitz, J. M., C. A. Fuller and B. A. Horwitz. Central neural pathways and

the control of nonshivering thermogenesis. In: Regulation of Depressed

Metabolism and Thermogenesis, ed. I- Jansky and X. J. Mussachia. C. C. Thomas:

Springfield, 1976, pp. 3-25.

30. Horwitz, B. A. Role of active sodium transport in brown fat thermogenesis.

Israel J. Med. Sci. 12:1086-1089, 1976.

31. Horowitz, J. M., B. A. Horwitz and J. W. B. Mates. Thermoregulatory models and

their relationship to fever and neural transmitters. Biometeorology 6 (Part

II):137-149, 1976.

43



32. Leung,P. M. B. and B. A. Horwitz. Free-feeding patterns of rats in responseto
changesin environmental temperature. Am.J. Physiol. 231:1220-1224,1976.

33. Flaim, L. K., J. M. Horowitz and B. A. Horwitz. Functional and anatomica]
characteristics of the nerve-brown adipose tissue interaction in the rat.
Pflugers Arch. 365:9-14, 1976.

41 Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Effects of acceleration on the

thermoregulatory responses of unanesthetized rat_ J___.Appl. Physiol: 42:74-79,
1977.

35. Horwitz, B. k and M. Eaton. Ouabain-sensitive liver and diaphragm respiration

in cold-acclimated hamster. J. Appl. Physiol. 42:150-154, 1977.

6. Fuller, C. A., J. M. Horowitz and B. A. Horwitz. Spinal cord thermosensitivity

and sorting of neural signals in cold-exposed rats. j___.Appl. Physiol. 42:154-

158, 1977.

37. Horwitz, B. A. Adrenergic-receptor involvement in brown adipose tissue

activation. In: Drugs, Biogenic Amines and Body Temperature, ed. K. E. Cooper,

P. Lomax and E. Schonbaum. Karger:New York, 1977, pp. 160-166.

38. Flaim, L. K., B. A. Horwitz and J. M. Horowitz. Coupling of signals to brown

fat: alpha- and beta-adrenergic responses in intact rats. Am. J. Ph},siol.

232:RIOI-RI09, 1977.

39. Horwitz, B. A. and J. M. Horowitz. Role of the plasma membrane in brown fat

thermogenesis. Experientia 33:1126-1128, 1977.

40. Horwitz, B. A. Pathways underlying nonshivering thermogenesis in peripheral

tissues. In: Depressed Metabolism and Cold Thermogenesis, ed. L. Jansky.

Charles University:Prague, 1975, pp. 127-131.

41. Horowitz, J. M. and B. A. Horwitz. Thermoregulatory responses of unanesthetized

rats exposed to gravitational fields of 1 to 4 G. In:

COSPAR: Life Sciences and Space Research. XVI, ed. R. Holmquist and A. C.

Strickland. Pergamon Press:New York, 1978, pp. 77-82.

42. Horowitz, J. M. and B. A. Horwitz. An overview of neural models postulated for

thermoregulation. In: Body Temperature: Re$ulation_ Drug Effects and Thera-

peutic Indications, ed. P. Lomax and E. Schonbaum. Marcel Dekker:New York,

1978, pp. 25-37.

43. Horwitz, B. A. Neurohumoral regulation of nonshivering thermogenesis in

mammals. In: Strategies in Cold: Natural Torpidity and Thermogenesis, ed. L.

Wang and J. Hudson. Academic Press:New York, 1978, pp. 619-653.

4. Horwitz, B. A. Plasma membrane involvement in brown fat thermogenesis. In:

Effectors of Thermogenesis, ed. L. Girardier and . S_ydoux. Verlag:Base],

1978, pp. 19-Z%.

45. Hamilton, J. and B. A. Horwitz. Adrenergic- and cyclic nucleotide-induced

glycerol release from brown adipocytes. Eu___. J. Pharmacol. 56:1-5, 1979.

46. Giacchino, J., B. A. Horwitz and J. M. Horowitz. Temperature regulation in

unrestrained rats during and after exposure to gravitational fields of 1.5 to

4G. J_._.Appl. Physiol. 46:1049-1053, 1979.

44



47. Horwitz, B.A. Metabolic aspects of thermogenesis: Neuronal and hormonal
control. Introduction. Fed. Proc. 38:2147-2149,1979.

48. Horwitz, B. A. Cellular events underlying catecholamine-inducedthermogenesis:
Cat,on transport in brownadipocytes. Fed. Proc. 38:2170-2176,1979.

49. Horowitz, J. M., J. L. Giacchino and B. A. Horwitz. Energy conversion in
biological systems. II. Heat production in brown adipose tissue. J. of the

Franklin Institute 308:281-295, 1979.

50. Horowitz, J. M., J. Giacchino and B. A. Horwitz. Simulation of the

thermoregulatory system of rats exposed concurrently to cold and to acceleration

fields. Comput. Biol. Med. 9:205-211, 1979.

51. Horwitz, B. A. and D. R. Hettinger. Cold-induced enzymatic adjustments in

ectotherms and homeotherms. In: Com Dsrative Mechanisms of Cold Adaptation, ed.

L Underwood. Academic Press:New York, 1979, pp. 91-127.

52. Horowitz, J. M., E. R. Schertel and B. A. Horwitz.

temperature regulation in unanesthetized rats.

1979.

Centrifuge high-g effects on

The Physiologist 22:$57-58,

53. Teskey, N. J., J. M. Horowitz and B. A. Horwitz. Norepineprhine-induced

membrane responses in normal and dystrophic hamster skeletal muscle. Proc. Soc.

___.pt.Biol. Med. 164:331-335, 1980.

4. Schertel, E. R., J. M. Horowitz and B. A. Horwitz. Effects of gravitational

profiles on the rat's thermoregulatory response to cold. J__.Appl. Physiol.:

Re__irat. Environ. Exercise Physiol. 49:663-668, 1980.

55. Horowitz, J. M., _ A. Horwitz and J. Oyama. Alterations in heat loss and heat

production mechanisms in rats exposed to hypergravic fields. The Physiologist

23:Sl19-120, 1980.

56. O'Donnell, M. E. and B. _ Horwitz. Effects of butyrate on ouabain-sensitive

respiration of hamster brown adipocytes. Am. J. Physiol. 242:C46-51, 1982.

57. Milam, K. M., J. S. Stern and B. A. Horwitz. Isoproterenol alters nonshivering

thermogenesis in the Zucker obese rat (fafa). Pharmacol. Biochem. and

Behav.16:627-630, 1982.

58. Wickler, S. J., B. A. Horwitz and J. S. Stern. Regional blood flow in

genetically obese rats during nonshivering thermogenesis. International J.

Obesity 6:481-490, 1982.

59. Monson, C. B., J. M. Horowitz and B. A. Horwitz. Restraint hypothermia in cold-

exposed rats at 3 G and at 1G. The Physiologist 25:$89-90, 1982.

60. Giacchino, J. L., E. R. Schertel, J. M. Horowitz and B. A. Horwitz. Effect of

p-chlorophenylalanine on thermoregulation in unrestrained rats. Am___.J___.Phvsiol.

244:R299-302, 1983.

61. Wickler, S. J. and B. A. Horwitz. Metabolic organization of muscle and brown

adipose tissue of normal and dystrophic hamsters. Am. J. Physiol. 244:R407-412,

1983.

62. Hettinger, D. R. and B. A. Horwitz. Kinetic characteristics of hamster

(Mesocricetus auratus) brown fat (Na+/K+)-ATPase: Effects of catecholamines.

45



____. Biochem. Physiol. 74C:355-360, 1983.

63. Kott, K. and B. A. Horwitz. Photoperiod and pinealectomy do not affect cold-

induced depositien of brown adipose tissue in the Long-Evans rat. Cryobiology
20:100-105, 1983.

64. Horowitz, J. M., J. Hamilton and B. A. Horwitz. Catecholamine-induced changes

in transmembrane potential and temperature in normal and dystrophic hamster

broown adipose tissue. Life Sciences 32:725-731, 1983.

65. Horwitz, B. g and S. J. Wickler. Diminished respiratory responses of brown

adipocytes isolated from BIO 14.6 dystrophic hamsters. Proc. Soc. Exit. Biol.
Med. 173:35-40, 1983.

66. Monson, C. B., J. M. Horowitz and B. A. Horwitz. Hypergravic fields and

parallel controllers for thermoregulation. J___.Appl. Physiol.:Respirat._
Environ. Exercise Physiol. 55:990-995, 1983.

67. Guttas, J., A. Carter and B. A. Horwitz. Plasma membrane protection against the

acute effects of inorganic lead on the respiratory rates of intact liver cells.

J. Toxicol. Environ. Hlth. 12:731-736, 1983.

8. Horowitz, J. M., B. A. Horwitz and C. B. Monson. Thermoregulation in cold- and

noncold-acclimated rats cold exposed in hypergravic fields. Th___ePhysiologist
26:S169-172, 1983.

69. Horwitz, B. A. Cold acclimation of hamsters leads to functional alterations in

K+ transport across the plasma membrane of liver cells. In: Thermal

Physiology, ed. by J. R. S. Hales. Raven Press:New York, 1984, pp. 463Z466.

70. Horwitz, B. A., T. Inokuchi, S. Wickler and J. S. Stern. Lipoprotein lipase

activity and cellularity in brown and white adipose tissue in Zucker obese rats.

Metabolism 33:354-357, 1984.

71. Horwitz, B. A. S. D. Clark, J. Hamilton and J. Guttas. Effect of cold

acclimation on Na+/K + transport in hamster liver cells. J. Comp. Physiol. (B)

154:159-166, 1984.

72. Horwitz, B. A. and J. Hamilton. Alpha-adrenergic induced changes in hamster

(Mesocricetus) brown adipocyte respiration and membrane potential. J. Comp.

Physiol. Biochem. 78C:99-I04, 1984.

73. Horowitz, J. and B. Horwitz. Changes in the number and characteristics of brown

adipocytes underlie the impaired thermogenic response of dystrophic hamsters.

In: Thermal Physiology, ed. by J. R. S. Hales. Raven Press:New York, 1984, pp.
179-182.

74. Wickler, S. and B. g Horwitz. Blood flow in normal and dystrophic hamsters

during nonshivering thermogenesis. Am. J. Physiol. 247:R189-195, 1984.

75. Wickler, S. J., B. A. Horwitz, S. F. Flaim and K. F. LaNoue. Isoproterenol-

induced blood flow in rats acclimated to room temperature and cold. Am. J.

Physiol. 246:R747-752, 1984.

76. Glick, Z., S. J. Wickler, J. S. Stern and B. A. Horwitz. Regional blood flow in

rats after a single low protein, high carbohydrate test meal. Am. J. Physiol.
247:R160-166, 1984.

46



77. Stern, J. S., T. Inokuchi, T. W.Castonguay, S. J. Wickler and B. A. Horwitz.
Scapular brown fat removal enhancesdevelopmentof adiposity in cold-exposed
obese Zucker rats. Am.J. Physiol. 247:R918-R926, 1984.

78. Glick, Z., S. J. Wickler, J. S. Stern and B. A. Horwitz. Blood flow into brown

fat is greater after a high carbohydrate than after a high fat test meal. J.

Nutrit. 114:1934-1939, 1984.

79. Horwitz, B. A., _ Inokuchi, B. Moore and J. S. Stern. The effect o£ brown fat

removal on the development of obesity in Zucker and Osborne-Mendel rats.

In: Regulation of Enersy Expenditure, Int. J. Obesity 9, Suppl. 2:43-48,
1985.

0. Moore, B. J., T. Inokuchi, J. S. Stern and B. A. Horwitz. Brown adipose tissue

lipectomy leads to increased fat deposition in the Osborne Mendel rat. Am. J.

Physiol. 248:R231-235, 1985.

81.

82.

Moore, B. J., S. J. Armbruster, B. A. Horwitz and J. S. Stern.

expenditure is reduced in preobese 2-day old Zucker (fa/fa) fatty rats.

Physiol. 249:R262-R265, ]985.

Energy
Am. J.

Moore, B. J., B. A. Horwitz and J. S. Stern. Brown fat thermogenesis and its

role in the development of obesity. Brain Res. Bull. 14:577-583, 1985.

83. Horwitz, B. A., J. S. Hamilton, and K. S. Kott. GDP binding to hamster brown

fat mitochondria is reduced during hibernatzon. Am. J. Physiol. 249:R689-693,

1985.

4. Horowitz, J. M., J. S. Hamilton, and B. A. Horwitz. Norepinephrine depolarizes

sartorius but hyperpolarizes soleus muscles in vitro. Eur. J. Pharmacol.

119:85-92, 1985.

85.

86.

Freedman, M. R., B. A. Horwitz, and J. S. Stern. Effect of adrenalectomy and

glucocorticoid replacement on development of obesity in the genetically obese

Zucker rat. Am. J. Physiol. 250:R595-607, 1986.

Moore, B. J., T. Gerard o-Gettens, B. A. Horwitz, and J. S. Stern.

Hyperprolactinemia stimulates food intake in the female rat. Brain Res. Bull.__._,

17:563-569, 1996

87. Horwitz, B. A., K. S. Kott, J. S. Hamilton, and B. J. Moore. Regulation of

brown fat thermogenesis in hibernators. In: _ in the Cold, ed. by H. C.

He]ler, X. J. Musscchia and L C. H. Wang, Elsevier: New York, 1986, ppl. I01-

108.

8. Moore, B. J., J. S. Stern, and B. A. Horwitz. Brown adipose tissue mediates the

increased expenditure of cold-exposed overfed rats. Am. J. Physiol. 251:R518-

R524, 1986.

89. Wickler, S. J., B. A. Horwitz, and J. S. Stern. Blood flow to brown fat in lean

and obese adrenalectomized Zucker rats. Am. J. Physiol. 251:R851-858, 1986.

90. Kott, K. S., B. J. Moore, and B. A. Horwitz. Decreased testosterone levels do

not mediate short photoperiod-induced brown fat changes. Am. J. Physiol. 251:

R963-970, 1986.

47



91. Wickler, S. J., J. S. Stern, _ Glick, and B. A. Horwitz. Thermogeniccapacity
and brownfat in rats exercise-trained by running. Metabolism 36:76-81, 1987.

92. Berce, P. J., B. J. Moore, B. A. Horwitz, and J. S. Stern. Metabolism at

thermoneutrality and in the cold is reduced in the neonatal preobese Zucker

(fa/fa) rat. J. Nutrit. 116:2478-2485, 1987.

93. Tomasi, T. and B. A. Horwitz. Thyroid function and cold acclimation in the

hamster (_socricetus auratus). Am. J. Physiol. 252:E260-E267, 1987.

94. Tomasi, T., J. S. Hamilton, and B. A. Horwitz. Thermogenic capacity in shrews.

J. Thermal Biol., in press.

95. Wickler, S. J., B. A. Horwitz, and K.S. Kott. Muscle function in hibernating

hamsters: a natural analog to bed rest? J. Thermal Biol______.,in press.

96. McDonald, R. B., J. S. Stern, and B. A. Horwitz. Cold-induced metabolism and

bro_ fat GDP binding in young and old rats. E__t. Gerontol., in press.

48



g. BUDGET

Grant No. : NASA NAG 2-341

Period covered by budget: March 1, 1988 - February 28, 1991

SALARIES

Staff Res. Assoc.

Employee Benefits

Total Salaries

SUPPLIES

Animal procurement & care,
misc. lab supplies, publication

costs, equipment maintenance.

EQUIPMENT
Electronics & micromanipulators

for intracellular recording

and signal processing.

TRAVEL

P.I. to present papers at FASEB

and at ASGSB annual meetings.

1988-89 1989-90 1990-91

16,000 17,000 20,000

4,640 5,100 6,200

20,640 22,100 26,200

3,000 4,000 5,000

4,500 3,000 1,000

2,000 2,100 2,300

TOTAL DIRECT COSTS

TOTAL INDIRECT COSTS

(39.2%)

TOTAL

30,140 31,200 34,500

10,051 11,055 13,132

$40,191 $42,255 $47,632
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H. BUDGET JUSTIFICATION

We have the equipment required for the proposed experiments on

hippocammpal slices except for two micromanipulators to hold

additionalelectrodes for stimulating fiber tracts and/or to hold

pipettes for iontophoretic injection of compounds and for measuring

electrical potentials.

I. AVAILABLE FACILITIES

We have the standard hippocampal slice equipment required to stimulate a

fiber track (in our experiments Schaffer collaterals) and record

extracellular and intracellular activity in hippocampal pyramidal cells.

Thus we have an air table, Brown-Flaming microelectrode puller, WPI

amplifier, Zenith computer, XY plotters, WPI stimulators, and associated

electronic equipment.

The PI has a laboratory of over 800 sq ft. In addition, the facilities

at the Chronic Acceleration Research Unit on the Davis Campus, including

animal centrifuges in the Unit, will be used to expose rats to a

hypergravic environment.
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