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The electroencephalogramV(EEG) of the chicken.
hypothalamus was recorded uhder the infiUence of.repeti—
tive photic stimulation, .while thyroié activity was
assessed by determining blood protein bound 151I levels
in sequential samples. EEG waves in regions examined
were distinctly entrained with a fiicker frequency. The
blood PBlBlI level was incfeased by 20 min photic stimu—"“
laﬁion of 3 cps'ane was decreased by 12 cps flicker,
ﬁﬁiie 24 cps flicker exerted no effect on thyroid func-
tion. Blood PBlalI level was increased by TSH and 'RH
treatments. These: results 1ndlcate that the frequency-
specific effects ‘are medlated by chanmes in the hypo-
thalamo-pltultary Iunctlon.;
Blood P31511 was,determined_in chickens which

were exposed fo eold and photic stimulation. Slight

increase in thyroid activity was resulted from 9 cps

Qi



flicker in chickens at a room temperature. When the
birds were exposed to cold only, a slow but sigaificant
elevation in P3151

-

I levels was resulted. On the other

hand, the birds exposed to cold did not iﬁdicate any
sign of increase in PBlalI when 9 cps flicker was'delivu
ered to them. The results suggest that this photic
stimulation modifies the responsiveness of the hypo-
thalamo-pituitary function to cold exposure.

In the third experiment concentrations of corti-
costerone, immunoreactive thyrotropin'(TSH) and growth
hormone (GH)’in plasma were measured 25 min after repet-
itive photic stimulation of 3, 9, 15 and 24 cps in :ats.
Photically evoked responses were recorded from midbrain
reticular formation, amygdala; hippocampus and medial
basal hypothalamus. The patterns of evoked responses
at all the pbints examined were altered by thevchangeé
in stimulation frequency, forming the specific rhythmic
patterns. Mean corticosterone concentration was incre-
ased but no significant change was demonstrable in mean
TSH and GH levels. The results suggest that corti-
costerone concentration is dependent on the electro-
physiological state of the CNS which is characteriied

by the specific rhythmic evoked responses.
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IETROD*CTION

‘Homeostasis is an essehtial Charaéteristic of
.vertebrates to preserve a constant and optimal internal
environment as a necegsity of normal function. Homeo-
stetic mechanisms involve the two primary integrating
systems, the nervous systém and the endocrine system.
The former sends electrical impulses via neurons as
information, while the latter transmits informatién by

means of chemical messengers, the hormones, bthroughout
the circulatory system. DBecause their roles are similar,
it is not surprising that they are closely related.
During last decades, the role of the central
nervous system (CNS) in regulating the anterior pituitary
function has received attention from many investigators.
Due to unique anatomic arrangements between the hypo-
thalamus and the anterior pituitary, this axis has been
extensively explored with respect to its physiological
implications. t is now generally considered concern-
ing the mode of information transmission that the control
of anterior »ituitary hormones is meninpulated by means of
neurohumors which are elavorated in the hypothalanus,

transported to the hypovhysial portal veins and then

carried to the anterior pituitary. These hypothalamic



neurohumors which stimulate synthesis and release of the
anterior pituitary hormones such as AUTH, T3i, GH, Li

and F3H are called corticotropin releasing factor (CRF),
thyrotropin releasing hormone (TRH), GH releasing hormone
(GRH), 1H releasing hormoner(LRH) and FSH releasing
“hormone (FRH), respectively. TRH has been identified as
a tripeptide (Folkers et al., 1969; Mitnick and Reichlin,
1971; Bassiri and Utiger, 1974). IRH and FRH seem to be
a decapeptide (Baba et al., 1971; Redding et al., 1971;
Schally et al., 1971). Purification, isolation and iden-
tification of other releasing hormones are in progress.
‘On the other hand, the hypothalamic neurochumor which
inhibits synthesis and release of prolactin from the
anterior pituitary is known as prolactin inhibiting
factor (PIF). Studies of growth hormone inhibiting
factor are also now under a way of investigation.

The pathways of information transmissibn between-
the CHNS and endocrine systems are illustrated in Figure
1. ZEnvironmental stimuli cause release of hypothalamid
releasing factors via neurons. Pituitary hormoﬁes re-
leased by releasing factors stimulate tissue, or the
target organs to secrete hormones. On the other hand,
excess amount of peri?heral and pituitary hormone exerts
inhibitory effects on the anterior pituitary and hypo-

thalamus as well as other structures of the CNS such as



\N

Hippocampus. - ~Stimuli:
Anygdala visual
- — — —|— —-pReticular formation€"<_auditory
»: olfactory
| Q
l

Fﬂ_*._'eéﬁypothalaﬁus
' '
i

j 1A

S
— e s — — —— — — —
P

““““““ Adrenal cortex EV

e Thyroids

Figure 1. The pathway of information transmission
between the central nervous system and
the endocrine system. (-———-- , hormonalj;

' , neural) '



amygdala, hippocampus and reticular formation. The sites
of negativé feedback actions vary depending upon the
hormones. The hypothalamo;anterior pituitary systen

thus plays an important role in homeostasis.

Studies attempting to elucidate regulatory
mechahisms of the CHS in controlling anterior pituitary
functions have been based on the techniques of stimulation
and lesion at the hypothalamic points, and pituitary
transplantation. It is not too much to say that recent
progress in neuroendocrinology is largely dependent upon
them as well as precise determination of hormones by
radioimmunoassay which requires only minute voiume of
plasma sample. However, these studies have still certain
limitation for depicting dynamic activity of neurons in
the CHS responsible for hypothalamic hypophysiotropic
activity. There have been many studies in attempt to
correlate the endbcrinological phenomena with'electriéal
activity in the ClS. Pioneer studieé have been performed
at first by group of Sawyer and Xawakami. IZEG after-
reaction is a unique pattern of the HEG, since it
represents patterns analogous to those in arousal state
~in animals'assuming a state similar to that during sleep.
They reported that appearance of such phenomenon was
influenced by copulation and vaginal stimulation (Sawyer

and Xawakami, 1959; Kawakami and Sawger, 1959). ‘Since



their studies have visualized real phenomena occurring
in the brain‘(electrical activity) associated with
changes in endocrine activity, they stimulated investi-
gators to carry out maﬁy'other works demonstrating
relationship between the CKS activity and endocrine
functions. The electrical activities used as indexes of
the CNS activity are classified as three categories:

A EEG,_multi;unit activity (MUA) and single unit activity.
In most étu@ies effecté of hormones are demonstrated oﬁ
the basis of changes in electrical activity of the CNS
before and after hormone treatment: i.e. changes in the
amount of paradoxical sleep (kawakami et al.,‘l964),
certain frequency components of the EEG pattern (Kawakami
et al., 1964; Shimada, 1974), integrated value of MUA
(Terasawa et al., 1969; Michal, 1974) or responsiveness
of single neurons in the CNS to hormone treatment
(Slusher et al., 1966; Kawakami and Saito, 1967; Kawakami
and Xubo, 1971; Pfaff et ai., 1971; Ondo and Kitay, 1972;
Van Deleft and Kitay, 1972; Nagler et al., 1973). These
studies might show both acute énd chronic effect of )
hormonés on the CNS activity by continuous recordings of
electrical activity. These are conventional manners of
experiments attempting to find some relationship between
hormone action and neural functioning. That EEG

frequency components or individual neuronal activity is



affecﬁed by hormone administration does not substantially"
mean that they reflect the specific actions of the CHNS

in regulating hormone release in question. It seems
extremely difficult to advance the study further to
reveal regulatory mechanisms of the CNS in controlling
anterior pituitary functions by the approach employed in
the previous studies.

Increase or decrease in discharge frequency
observed in the peripheral nerves is generally considered
as a mode éf informetion transmission from the peripheral
receptors to the CHS in response to stimuli. These
informations are transmitted to many different neurons
in the CHNS and a consequence of interaction of neuron-to-
neuron conveyed to the effector orgéns.

There are many reports in respect to regulatory
mechanisms of the CNS controlling blood glucose levels.
Depending upon blood glucose levels, changes in firing
rate of single neurons of:the vetromedial hypothalamus
and the lateral hyvothalamus are observed. It is
generally considered that these specific neurons function
in the régulatidn of the blood glucose levels by increas-:
ing or decreasing firing rate. However, these studies
do not refer to links between activity of these neurons
and anterior pitﬁitary functions. Also, most of these

studies have been performed in animals under anesthesia



which largely alters normal function of the anterior
pituitary such as Gil (3chalch and_Reichlin, 1965), ACTH
Cook et al., 1973) and TSH (Brown and Hedge, 1972)
secretion. To my knowledge, there has been no electro-
physiological study which has successfully demonstrated
specific neuronal actions controlling the anterior
pituitary activity. It seems reasonable to assume that.
the anterior pituitary may be ccntrolied not merely by
increasing or decreasing the frequency in discharge of

2 set of neurons with a fixed function,rbut rather by
reactions of interrelated neurons with stochastic
propérties. It is estimated by Schade (1970) that there
are 400 to %,000 éynapses for a2 single hypothalamic
neuron and 125,000 to 150,000 neurons at the hypothalamus.
It is generally accepted that neufons which produce
releasing factors are localized at the basal mediél
hypothalamus (hypophysiotropic area). However, one

night imagine a difficulty to specify hypothaiamic neuron.
which produces specific releasing factor and toc record
the electrical activity of this neuron. Group of Feldman
and Dafny (1970) who demonstrated changes in reéponsive—
- ness of‘hypothalamic neurons but could not reveal fixed.
direction of the resnonsiveness to'sensorj stimull or
glucocorticoid tfeatment in their extensive study using

statistical analyses on the bases of firing rate, fre-



quency- and interval-histograms. Their results led the
author to leave out tentatively the view toideduoe
possible integrating model of the CNS function from
individual neuronal activity showing different directions
of responsiveness to the same stimulus. There is no
reason to deny hypothesizing thatvhypothalamic regulation
of anterior pituitary function might be performed by
forming a certain pattern of neural activity among
different @embefs of neurons in the brain. EEG might
reflect such a mass activity éf the CHS. 1In their recent
review, Rubin et al. (i974) describedva correlate of the
eplisodic release patterns of anterior piﬁuitary hormones
to sleep stages which are defined by descriminating EEG
patterns.

If it is possible to maintain a constant state in
the brain specifically associated with the anterior
pituitary function, one might suggest that the electrical
agtivity of the CHS in such a state might be related with
a control of endocriﬁe functions. Repétitive photic
stimulation has been known to entrain a constant péttern
of the EEG. This phenomenon, EEG driving, seems to
provide a constant state of the CNS.

Accordingly, the present study was undertaken in
attempt to eldciéate a possible role of the rhythmic EEG

waves which may affect excitability of hypothalamic



neuroné in the regulation of thé anterior pituitary
function. This dissertation consists of the three
experiments as follows. (1) The rhythm of the CNS
activity was induced by photic stimulation and then,
corresponding alterations in thyroid activity were
assessed in the chicken. (2) The second experiment was
undertaken to study the effect of photic’stimulation on
the responsiveness of hypothalamo-pituitary-thyroid axis
of the chieken‘to cold exposure. (%) The thifd

experiment was cerried out in the rat to study the
relationship between the CNS and anterior pituitary.
function, because the rat has been the subject'df extensive
neuroendocrine studies. In this species, plésma cortico-
sterone was assessed after photic stimulation‘in the
wakeful and anesthetized states. Plasma TSH and GH levels
‘were also aetermined and effect of photic stimulation on

EEG waves and anterior pituitary functions were discussed.
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FMATERTALS AND METHODS

Experiment I: Effects of Photic Stimulation on Hypo-

thalanic EREG and Thyrold Activity in the Chicken

Young broiler chickens weighing from 800 to
1000 g (%35-55 days) were used in this experiment. They
were kept in cages at a room temperature of 25 + 2°C end
illuminaﬁed between 0500 and 1900. TFood snd water were
supplied ad libitum but were withheld during experimental
manipulations which were carried out between 0900 and
1400. As no sex differences were noted in the parameters
of thyroid function and in the EEG examined, the data
from male and femasle virds were combined.

Photic stimuletion was administered in the dark
by a photo-stimulator (Sanei Sokki) with a xenon lamp
flash of 0.1 msec duration at various frequencies. The
flash light was placed at the distance of 20 cm from

the birds.

Silver ZEG electrodes (0.2 mm diameter, insulated
except for a 0.5 mm portion at the tip) were chronically
implanted into the hypothalamus and on the dura mater,

émploying a stereotaxic instrument, and secured to the
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2

skull with dental cement. For EEG recordings, a mono-
polar lead was used with the reference electrode fixed
on the parietal bone. EEG recordings were made on a

Sanel Sokki electroencephalograph % days after electrode

At the termination of the experiment a lesion
was made at the tip of the electrode by passing a d.c.
current, and the birds were killed by decanitation.

The brain was renoved, fixed in 10 % formalin and stored

4

in %0 % sucrose solution for 3 days, respectively.

4

It was then frozen, sectioned in 25 pm slice and stained
with luxol fast blue and cresyl violet for histolcgical

verification of the electrode location.

Pituitery-thyroid function
Thyroid activity was assessed by counting the
radiocactivity of blood protein bound iodine of birds

. . c - . PR 3 &
given an intravenous injection of Na 5

I (carrier free,
300 pCi/kg body weight) 48 hr prior to the first blood
sampling. Following heparinization, the brachial vein
was cannulated with a polyethylene tubing (ID 0.45 mm),
and 0.5 ml blood samples were withdrawn at intervals of
30 or 60 min. After each collection.of.blood, the same
amount of flushing saline was injected. Chickens were

restrained in a normal position during the experimental

procedures.
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50 mg of human plesma protein was added to the 0.5 ml of -

blood sample, as chicken
to thyroid hormones than
rrecipitated by addition
washed three times. The

was counted to more than

piasma protein has less affinity
that of mammals. PBlBlI was
of 10 % trichloroacetic aczid and

radioactivity of the precipitate

10,000 counts, using a well-type

scintillation counter (Kobe Zogyo). Thyroid data were

=151 . .
expressed as a PB 5 I response index according to Brown

and Hedge (1972). Results from groups of birds were

pooled for each experiment and are represented in the

figures by means accompanied by standard errors.

Student t-test was used to determine the change of the

responsivensss of thyroid activity to different fre-

quencies of photic stimulation. The LBH used was HIH-

T5H-B5 (Bovine); synthetic TRI was supplied by the

Institute of Protein Chemistry, Osaka University.
: , ’ ;

bxperiment IT: Effect of Photic Stinulation on Thyroid

Activity in the Cold Exposed Chicken

In the foregoing experiment broiler chickens

were used, but the present experiment was performed

using White Leghorns since they are more responsive to

cold exposure than broiler chickens.. The number of the

birds used was sixteen males weighing 900 to 1,000 g
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(50-60 days). The preparation of animal with dbrachial
catheters and the eynernmuntal protocol was the same ag
that of Experiment I. Brlefly, this invelves administra-

tion of 300 pCi/kg of naldl

I 48 hr before the experiments
and placenent of brachial catheters Jjust before experi-
ments. The present exveriments consist of two experi-

ments. First, effect of 9 cps photic stimulation on

thyroid activity was studied at a room temperature

[&)]

(25 + 2°C). Secondary, cage

o

separately containing two
groups of birds to be exposed to cold were carried to
a cold room (5°C) and left there for 3 hr. A 9 cps
flicker was provided to one of the groups for the first
45 min of the cold exposure time while only cold
exposure was given to the other group.
e _— . s ~nl3l
Thyroid activity was assessed by counting PB I
s . nl5l . N
as described before. PB3B I response index served eas
the basis of evaluating the pituitary-thyroid function.
Synthetic TRH was. intravenously injected to the control
birds % hr after the first blood sampling. Each group

consists of 4 birds.

Experiment ITT: Effects of Photic Stimulation on EEBEG

Activity and Anterior Pituiltary Tuncbticns in the Rat

A total of 98 young male rats (Wister strain,

8-10 weeks o0ld) weighing 200-250 g were used_in'these
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studies. They were housed for 2-4 weeks under conditions
of controlled lichting (illunination from 0500-1900
alternating with 10 hr of'darkness) and roon temperatufe
(22 + 2°C). : Food and tap water were available at all
times.

Photic stimulation was delivered in the dark by
a photo-stimulator as described before. The flash light

was placed at the distance of 10 cm from the rat.

fvoked poténtials

The rats were enesthetized by intraperitoneal
injection of brietal-sodium (80 mg/kg).  The surgical
procedures consisted of exposing the skull and stereo-
- taxically introducing silver bipolar electrodes, with
inter-tip distances of 0.5 rm. Electrodes (0.2 mm in
diameter) were insulated except for a tip. They were
implanted into the medial basal hypothalanus, hippof
campus, anygdala, and reticular formation.

The EEG recordings were carried out by an
electroencephalograph (Sanei Sokki) in conscious, unre-
strained rats placed in a glass beaker and in eneSUhe—
tized state (Hexobarbital sodium, 250 mg/kg). Photic
stimuli were delivered as aforementioned, and the
electrical activity amplified by the'electroencephalogr&ph,'
was displayed on ATAC 250 (Ifihon Xoden) oscilloseope.

Fifty sweeps of 200 msec, triggered with photic stimuli,



were added and the readout was made by the polygraph
(Winhon ¥oden).
Llectrode placement in the brain was verified by

the atlas of Konig and Xlippel (1953).

Plasma corticosterone, TSH and GI levels

Twenty three of the total rats were subjected to
photic stimﬁlation for 25 min at 1200 under unanesthe-
tized, unrestrained conditibns, Two or three rats were

placed in small boxes with mirrors so that the flash

-

light was diffusely provided to all rats throughout the

o)

experiment.

The effect of photic stimulation'pl&smé cor—
ticosterone levels was also exanined in another 37 an-
esthetized rats. Since anesthesia sugments plasma cor-
ticosterone ievels, relétively large dose of dexaﬁetha—
sone (200 pg/100 g body weight, Herck Co. Ltd) freshly
dissolved in saline was injected subcutaneously at 0900,
while controls received saline only; 3 hr later (at 1200),
dexamethasone~treated rats were anestﬁetized by 25
mg/100 g body weight of hexobarbital sodium (HXB) and
immediately subjected to photic stimulaﬁion for 25 min.A
At the termination of the experiment, rats were deéapi—
tated and trunk blood was collected within 2 min follow-
ing onset of cage opening. Plasma was separated by cent-

rifugation (2500 rpm, 15 min), frozen and stored at -20°C
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until determination of hormone levels. Corticosterone
concentratiohs were determined fluorometrically by the
modified method of Guillemin et al. (1959) and were used
as an index of ACTH secretion. Plasma TSH and GH levels
of wakeful rats were also determined by raéioimmunoasSay.-
This assay was made by the help of Dr. M. Buzuki at the

Institute of Zndocrinology, Gunma University.
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Txperiment I: Effects of Photic Stimulation on Hypo-

=

thalamic BEG and Thyroid Lctivity in the Chicken

This experiment was carried in 10 birds, with
each undergoing two or three electrodes implants.
Locations af electrodes were determined byAthe atlas of
van Tienhoven and Juhasz (1962) and are shown in Figure
2. Unexocctedly, EZG recordings talken from the surfzace
were not affected by any of the flash frequencies
examined (Figure 3). On the other hand, those taken
widely distributing points in the hypothalamus, extend-
ing ventromedial area,to the snterior commissure, to the
nedial area to the caudal half of the nucleus rotundus
(Figure 2), showed profound alterations elicited by
photic stimulation (Figure 3 and 4). The frequency of
EEG waves was almost identical with that of photic
stimulation (Figureb4). The amplitude‘of the évoked
response was high when the flicker.frequency was low
‘and tended to decrease with an increase in the frequency.
Although monopolar electrodes were employed in the
present study, essentially the seme results were obdtained

in the pattern when evoked responses were recorded in



Figure 2.
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Position of recording electrodes in the ante-
rior and posterior hypothalamus (indicated by
dots). AC, anterior commissure; CHI, optic
chiasma; HA, hyperstriatum accessorium; HAM,
nucleus hypothalamicus lateralis anterior
medialis; HYPV, hyperstriatum ventrale; LFE,
lateral forebrain bundle; LH, Lamina hyper-
striaticus; LHT, nucleus hypothalamicus lat- -
eralis; NEOST, neostriatum; Palp, paleostria-
tum primitivum; PVH, nucleus paraventricularis
magnocelluralis; QF, quintofrontalis; ROT, _
nucleus rotundus; SM, tr. septomesencephalicus.
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the hypothalamus and nucleus rotundus by using bipolar

electrodes (Figure 5).

21

Figure 6 shows the blood BT 1evels of sequen-

tial samples in control birds over a 4 hr experimental

period. A gradual linear decrease was observed. Intra-

venous injection of TSH (50 mU/kg body weight) or TRH
(50 pg/kg 5ody weight) caused a marked elevation of
PBlBlI, indicating a rapid increase in thyroid glands
were responsive to their tropic hormones under the
experimental conditions used.

With 24 cps flicker, no effect on thyroid
activity was observed and thelPBlall response index
featured the same decline as the control. The decrease
in PBlBlI caused by 12 cps flicker indicates that the
situation in the hypothalanmus under these conditioné
is associated with the inhibition of TSH and thyroid
secretion. 1In contrast,'the state in the CNS induced
by % cps flicker resulted in an increase of thyroid

function (Figure 7).

Bxperiment IT : Effect of Phqtic Stimulation on Thyroid

Activity in the Cold Exposed Chicken

EEG recordings were not made in White Leghorns,
but similar distinct evoked potentials can be observed

at the different’sites of hypothalamus in response to
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evoked by photic stimulation (dots).
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-11.4 £ 1.8; 12 c¢cps, -19.2% 1+ 2.5 and
-42.4* 4+ 4.6; 3 cps, -4.4 + 3.6 and
+26.2% 74 4,0 (¥ and ¥ indicate
difference from control value
statistically significant at
5 and 1 % level, respectively).
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photic stimulation (personal comiunication with J. Yano).

pltoly levels of sequential

Firure 8 shows the blood P
samples over a % hr experimental period in White Leghorus.
The same linear decline was also observed iﬁ the control
birds as seen in broiler chickens. Intravenous injection
of YRI resulted in a sharp increase in Pl mnis is
suggestive of activation éf I'SH release and an immediate
rise in thyroid secretion.

Slight increase in thyrold activity was elicited
by 9 cps flicker in the chicken at a room temperature.
When,the birds were maintained in a cold room, a slow
but significant incresse in PBlBlI 1evels was resulted
(Ficure 8). On the other hand, photically stimulated
birds d4id not indicate ahy sigh of augmentation in
PBlBll, although they were exposed to cold. They showed

the same decline of the PBlBlI levels as seen in birds

in the room-temperature.

Experiment IIT : Effect of Photic Stimulation on EEG

Activity a2nd Anterior Pituitary Functions in the Rat

EEG activity

| The locations of the EEG electrodes are illus-
trated in Figure 9. Patterns of the background activity
of amygdala, reticular formation and -enterior hypothaia—

mus nonitored before and after anesthesia are shown in
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Figure 8. Thyroid response to repetitive photic stimu-
lation of 9 cps and to cold exposure (N=4).
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Figure 9. Position of recording electrodes in various

points in rat brain. The dark points indicate
the location of the tip of the electrode.

(am, nu. amysdaloideus medialis; aco, nu.
amygdaloideus corticalis; CAIL, capsula interna;
F, columna fornics; FM, fasciculus medialis
prosencephali; FOR, formatio reticularis; '
ha, nu. anterior hypothalamus; hdd, nu.
dorsomedialis hypothalamus; HI, hippocampus;
hvm, nu. ventromedialis hypothalamus; LM,
lemniscus medialis; re, nu. reuniens;

tv, nu. ventralis thalamus;

ZI, zona incerta).



28

Figure'lo. EEG recordings from the unanesthetized,
unrestrained‘animals showed iow—amplitude, fast wave
patterns. At the‘beginning of anesthesia (10-20 min),
more slow-wave patterns appeared and an increase in the
amplitude of EEG waves ﬁas seen in amygdala and midbrain
reticular formation of most rats. In some instances the
EEG showed a reduced amplitude soon after injection of
the same dose of HXB. The EEG recording from anterior
hypothalamuys shown in Figure 10 was one of them; Arousal
EEG Qaves were replaced by sharp spikes. he spikes
slowly decreased in frequency. The extent of this
slowing process in BEG activity varies with individual
rats. In contrast to the clear photically evoked
resconse in the chicken, in the rat the evoked response
was hardly observable in the recording of the FBEG back-
ground activity under both wakeful and anesthetizéd
conditions. Howéver, when the responses were suﬁmated,
one could confirm thét photic stimulation provoked &
well defined response in all the areas of the bfain
examined (Figure 11, 12, 13 and 14). Since the photic-
ally evoked response occurrad with a long lasting lateﬁéy,
the basic patterns of the evoked potentiasl was first
recorded at lower frequencies such as 0.25 and 0.5 cps.
Alterations in the pattern of evoked resnonses by

increasing flicker frequency were observed. Waves forms
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EEG patterns in amygdala (AM), reticular
formation (RF) and anterior hypothalamus
(AHA) in waking (W) and anesthetized
states (10, 20 and 30 min after hexobar-
bital injection). These recordings were
taken in different rats.
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Figure 1l. Average photically evoked responses in reti-
cular formation in waking and anesthetized
states. Figures in left denote frequency
of photic stimulation (cps). Dots indicate
the stimulation.
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Figure 12. Average photically evoked responses in
amygdala in waking and anesthetized
states. Legend same as for
Figure 11.



%2

Waking Anesthetized

25 NTJN”“’\Jh\m‘ _

3~ N~ _ v-\/v/\"’\’\*_

9 N\ Nﬂﬁ/rfﬂAV“JMM |

24 _/\/\/J\,.,,\,/\ Wl\-\ 1opv

— —

1 [} Y I . 20msec
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hippocampus in waking and anesthetized
stetes. Legend same as for Figure 11.
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basal hypothalamus in waking and anesthetized
states. Legend same as for Figure 1ll.
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of evoked potentials in response to 0.25 and % cps photic
stimulation are essentially Ehe'same and these potentieals
consist in most cases of an initial negative large,
positive and long latency negative responses. The pesk-
latency of the initial negative pobentials in.the wékeful
rat was-longer»than that in anesthetized rat. In the
ranges of 0.25 and 9 cps,. the peak-latency tended to
prolong with an increase in flicker frequency in all the
points under both wakeful and anesthetized states. At
higher freguencies such as 15 and 24 cps, the initial
negative potential disappeared because the time intervals
of repetitive photic stimuli were shorter than the re-
covery time of the response. vTherefore, the peak-latency

and anplitude of the initial negative potentials were

undetected.

Plasma corticosterone levels

Effect of photic stimulation on plasme cortico-
sterone levels was investigated in- dexamethasone- and
HKB—treated rat (DHT rat). The result is shown in
Figure 15. As was expected, plasma corticosberone was_
markedly elevated with HXB injection alone mhereés it
was suppressed 3 hr after subcutaneous injection of

"

dexanethasone (p¢0.01). When the rats were treated with

both dexamethasone and HiIB, the corticosterone levels

were about the same as the control level, indicating
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I‘lgure 15. Plasma corticosterone levels in response to
repetitive photlc stimulation of 3, 9, 15
and 24 cps in anesthetized state. Figures
in columns denote number of rats; dots
indicate standard errors.
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that the increase in_corticostefone levels elicited by
HXB was blociked by dexamethasone treatment. No signif-
icant difference was found between corticosteroﬁe levels
in DOT rats and those in DHT rats which received 9 cps
photic stimulation. Unexpectedly, plasma corticosﬁerone
levels in DHT rats were significantly decreased by 3
(p(0.0l), 15 (p<0.05) and 24 (p<£ 0.01) cps phdtic ,
stimulation.

In wakeful rats, the repetitive photié stimu-
lation caused marked elevation in the-corticosteroﬁe
levels as seen in Figure 16. The increasedlevels of
corticostefone affected by all the flash frequencies
were significantly different from the control level
(p£0.001). A meximum increment in plasma corticosterone
was produced with 15 cps flicker.  This increased level
was significantly different from those of 3 and 9 cps
groups (p €0.01) but not from that of 24 cps group.- The
level of 9 cps group (30.2 + 4.3 pg/lOO ml plasma) was
significantly different from those of 15 and 24 cps
groups (p<;0.0l)bbut not from that of 3 cps group.

There was the largest difference in the cortiCosteroné
level between 9 and 15 cps groups. This difference was
14.5 jpg/100 ml plasma which was 47.3 % of the level of

9 cps group.
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Figure 16. Plasma corticosterone levels in response to
repetitive photic stimulation of 3%, 9, 15
and 24 cps in waking state.

as for Figure 15.
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Plasma TS8H and GH levels

Effebt of Photic stimulation on plasma TSH levels
is shown in Figure 17. Thé control level of TSH was
0}56 + 0.1%3 mU/ml. TISH release seemed to be decreased
by 3 and 9 cps photic stimulation whereas it was enhanced
when 15 or 24 cps . flicker was delivered. Howéver, the
difference between the levels of any groups was not sta-
tistically significant.

Figure 18 shows changes in GH level after photic
stimulation. "The control level of GI was 76.91 + 26.61
ng/ml. Photic stimulation seemed to cause reduction of
GH release from the anterior @ituitary. ‘Decreased GH .
levels, however, were not éignificantly different from

the control level.
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DISCUSSION

Thyroid Responses to Photic Stimulation in the Chicken

In recent years considerable abttention has been
focussed upon the neural control of pituitary-thyroid
function. It has been reviewed at regular intervals
by séveral investigators, namely, D'Angelo (1963%),
Reichlin (1966), Brown-Grant (1966) and Xnigge (1971).

- It was first demonstrated by Greer (1951) that hypo-
thalamic lesions prevented the pgoitrogenic response to
thiouracil feeding, which induced thyroxine ﬂefficiéncy
and, in turn, TSI hypersecretion. "This role of the CLS
has been supported by many subsequent studies (Bogdanove
And D'Angelo, 1959;>Reichlin, 1960). Some neural influ-
ence on thyroid fuﬁction are reﬂuced after anterior

- pituitary is grafted (von Euler énd Holmgren, 1956;
Khazin,énd Reichlin, 1961) except when the pituitary

is transplanted so as %o receive blood supply from the
median eminence (Halasz et él., 1962).

Electrical stimulation of the hypothalamus and
other sites of the brain has also provided valuable
evidence that thé pituitary-thyroid function is influ-

enced by neural activities in the brain (Harris and
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Wood, 1958; Shizume et al., 1952a, 1962b; lMartin and
Reichlin, 1972). The specific points of the hyvothalamus
which control TSH secretion are inconsistent.

Apart from thése studies, electrophysiological
experiments have a possibility to repreéent actual
phenbmena taking place in the brain, which are involved
with regulation of the endocrine function. The present
study demonétrated defined evoked potentials at various
parts of tge chicken hypoﬁhalamus. In dontrast, evoked
potential:. ét the brain surface was not observable in
the EEG recordings in the chicken. Distinct evoked
potentials at the brain surface have been well document-
ed in mammals including man.. In the céurse of studying
the influence’of repetitive photic stimulation on the
EEG of the chicken, evoked potentials were observed not
only in the area along the visual path but also in the
afeas distant from‘visual path (personal communication
with J. Yano).

It is well known that the hypothalamus is linked
with the visual path in birds (Benoit, 1964; Sharrer,
1964) as well as mammels (Feldman et al., 1959; Feldman,
1964, 1966; Dafny et al., 19565; Dafny and Feldman, 1967;
Bogacz and Wilson, 1969; Sarne and Teldman, 1971) and
the role of ligh% in-the neuroendocrine system is well

established (Critchlow, 1965).. Some electrophysiolog-
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ical studies have indicated the relationship between
thyroid hormone and brain function. ﬁxogenbus thyroid
hormone influences visual evoked potentials as shown by
éhanges in the latency and anmplitude in the cat (Short
et al., 1964), goldfiéh (Hara et al., 1966) and man _
(Short et al., 1968). These studies did not attempt to
delineate the neural control of the pituitary-thyroid
axis but attempted to demonstratz the effect of hormone
on the CNS. | |

- Many previous studies demonstrated that elect-
rical stimulation of the hypothalamus caused release of
TSH in anesthetized animals (Harris and YWoods, 1958;
Shizume et al., 1962a, 1962b; Martin and Reichlin, 1972).
However, these studies did not always elucidate the elec-
trophysiologiceal aspects concerned with stimulation and
‘hypothalamic TRH release activity. TSH secretion‘is
difficult to elicit by electrical stimulation in intact,
unanesthetized animals because of the fact that avoidance
and aversive reactions occur with_ventro—hypothalamic
stimulation of sufficient intensity (llartin and Reichlin,
1972).. -In these studies, little attention was paid to
"the EEG of the hypothalamus during or after electrical
stimulation.

- The presént findings demonstrate that thyroid

hormone release was increased by electrical activity in



the hypothalamus represented by~a frequencj of % cps EEG
waves, the felease was inhibited when the EEG was entrain-
ed to 12 cps waves. This fréquency—speoific effect and
the failure of a 24 cps flicker to affect thyroid acti-
vity were to prove that the effects are not due to a non-
specific, simple excitation Qaused by lighting. This view
might also be supported by the additional result that no
effect vas exerted on heart rate by any frequencies of
flicker in.unrestrained chickens under the same experimen-
tal conditions (unpublished data, Oshima) using radio
telemetric measurement (Shimada and Oshima, 1973).

The repid and considerable depree of alteration
in the PBlalI response to photic stimulation as compared
to that seen with a relatively large dose of PRI (50
pe/kg body weight) would allow for the possible inter-
pretation that the respdnse is attributable to a change
in endogenous TSH release. Newcomer and Huang (1974)
also reported that 10-20 day-old chicks were responsive
to TRH (50 to 400 pg/100 g body weight). Ochi et al.,
(1972) reported no effect of TRH on chick thyroid
activity. We also have undertaken a similar experiment
to study the.effect of TRH on day-o0ld chick thyroid
activity by measuring the thyroidal 1311 uptake. o
change in the thyroid activity'was observed following

TRH injection. These results indicate that the pituitary
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gland of day-old chick is not responsive to TRH for
releasing TSH and it talkes some days for the pituitary
gland to be responsive to its relecasing hofmone. The
role of hypothalamus in regulation of TSH release in the
chicken is as yet incompletely understood as compared
with that of mammals. Xanematsu and Iikami (1970) have
indicated a reduction of 1511 uptake by thyroi& follow- -
ing destruction of the region of the eanterior hypotha-
lamus. EEG alteration was induced by flicker in the
area coincident with the region described in that revort.
But at present, this finding does not contribute direct-
ly to the delineation of the anastomic location of the
thyrotronin area in the hypothelamus of the chicken.

It is weli known that thyroid function is depend-
ent upon the environmental temperature and that exvosure
to a colder environment leads to increased activity of
the thyroid gland (Brown-Grant et al., 1954; Reichlin?
1966). This alteration in thyroid activity, of course,
is related to stimulation of TSH release from the ante-
rior pituitary. Accordingly, the second experiment
prompted to investigate how the hypothalamo-pituitary-
thyroid activity in response to cold exposure is influ-
enced by photic stimulation which entreing the EEG
pattern.

When photic stimulation (9 cps) was provided to
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the birds in addition %o cold exposure, they reacted by

51g
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nificant reduction in thyroid activity as compared to
birds exposed to cold only. Brown and Hedge (1972) have
elegantly demonstrated that acute cold response showing
an increase in thyroid activity was completely blocked
by pretreatment of thyroxine. It has been reported
excess amount of thyroxine causes its suppressive action
on the pituitary (von Euler and Holmgren, 1956) or hypo-
thalamus (Knigge and Joseph,. 1971). Similar result was
obtained in the present study but inhibition of thyroid'
activity was elicited by neural factor. It is unlikely
that photic stimulation exerts its effect directly upon
either pituitary or thyroid gland. The EEG waves which
were entrained by the 9 cps flicker might be involved
with.alteration»in responsiveness of the CHS to cold

which normally results in T3H secretion.

'Resoonses of the CIS and Anterior Pituitary to Photic

Stimulation in the Rat

In order to elu01date re@ulauory roles of the
hypothalamo-pltultary—alrenal axis, two major techniques
such as lesion and stimulation have been employed pre-
viously. Divergent opinions, however, still exist with
respect to the spec111c location of hypothalamic neurons

which produce releasing factor (lMangili et zl., 1966).
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Some studies indicate that ACTH secretion is controlled
primarily by-the‘medial vasal hypothalanus 'Ganong and
Hume, 1954; Halasz et al.,‘l9673, l967b). On the other
hand, Dunn and Critchlow (197%b) emphasize the hypothala-
nic elements directly involved in the ACTd secretion is
not in the ventomedial hypothalamus but are localized to
discrete hypothalamic sites generally close to the
midline. In contrast, Brodish (1963%; 1969) and D'Angelo
(1964) sugpest that the entire region of the ventral
hypothalamus, extending from the optic chiasm to the
mammillary bodies, is involved in the control of ACTH
secretion. Recent study of Redgate and Fehrincer (1973)
shares the view that no circumscribed anatomic localiza—v
tion for ACTH secretion exists in rat hypothalamus.

Many investigatiohs also have been made on the
negative feedback action of ACTH or corticoid on the CHS
wnich inhibits adrenocortical activity. DPossible sites
of blocking action in the brain are the antérior pitui-
tary (De Wied., 1964; Kloet et al., 974), the median
eninance (IME) (Corbin et al., 1965; Davidson et al.,
1968) or other area in the brain (Davidson and Feldman,
1967). These results are obtained in rats with lesions
of the ME or corticoid intracerebral implantation.
Chences in iUA in the ventromedial nucléi and arcuate

nucleus (Sawyer et al., 1968) =znd in the hippocampus
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(michal, 1974) following LCTH or corticoid administra-
tion were demonstrated. TFeldman and Dafny (1970) showed
that alteration in evoked potential to sensory stimuli
could be brought about by exogenous corticoid, indioat—
ing that steroid feedback action'might occur in differ-
ent limbic structures but main effect was on the hypo-
thalamus. Other studies provide similar indications
that different areas in the brain showing hormone-induced
changes in unit activity might be sites of blocking
action on 4ACTH release (Slusher et al., 1966; Pfaff et
al., 1971; Ondo and Xitay, 1972).

lFlost of the previous studies have attempted vo
reveal relationship between the CHS an? endocrine system
by monitoring electrical activity in the brain following
administration of exogenous hormone. An approach of the
present study, however, is quite different. A particulaf
electrophysiological state in the brain was artificially
induced by photic stimulation and levels of hormones
were assessed.

Photic stimulation provoked well defined poteh—
tials in the rat (Bogacz and Wilson, 1969; Sarne and
Feldman. 1971; Dafny, 1974) but the amplitude of the
poﬁentials was much smaller than that of the chicken.
The patterns of evoked responses were alteredvby an

increase in frequency of the stimulation and the specific
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rhythmic patterns were produced depending on the fre-
quency of sbtimulation. An increese in plasma cortico-
sterone was resulted from ény frequency in the wakeful
rat. However, this result indicates that the degree of
increase in plasma corticosterone was dependéht on the
frequencies of photic stimulation.b Tiess increnment in
plasma corticosterone was produced in waking rats which
received lower freQuency flicker (% and 9 cps), while
more elevated levels were resulted from higher frequency
flicker (15 and 24 cps). TFeldman et al., (1969) revorted
that plasma corticosterone levels were significantly
elevated following emitting flasches at the rate of 5

cps for 30 min in waking rats.

For a number of yeers it has been suggested
that the hypothalamo—pituitary—adrenal axis andfthe
hypothalamo—pituitary—ﬁhyroid axis are in someway  in-
versely related (Bogoroch and Timiras, 1954; Brown-Grant
et al., 1954; Ducommun et al., 1966; Szkiz and Guillemin,
1965); Jobin and Fortier (1965).reported that the in-
hibition of TSH secretion was observed with enhanced
release of ACTH as a result of non-specific stress,
whereas exposure to cold éoncurrently stimulates the
secretion of both tropic hormones. This mechanism of
the pituitary response to stresses is unknown. These

studies have taken no consideration on electrophysio-
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logical aspect of the brain activity in response to a
non-specific stress or cold exposuré. The present study
shows similar results to these findings. Photic stimu-
lation of 9 cps increased ACTH secretion wheréas_it tend-
_ed to decrease TBH release. On the other haend, 15 znd
24 cps photic stimulation elicited activation of adreno-
cortical function as well as thyroid activity. It is
rather difficult to relate the presenﬁ results to
previous findings immediately, but it should be noted
that the seme modality of stirulus with different fre-
quencies could induce alterations in the state of the
CiS =2nd corresponding changes in the anterior pituitary
function. NWamely, the dissociation of "WSH and ACTH
release was observed following the stimulation of lower
frequency..

feural contrel of GI secretion has been well
documented (HMuller, 1973). Most stimuli such as ether,
cold or hypoglycemia have been shown to cause inhibition
of GH secretion (Schalch and Reichlin, 1966; Tskahashi
et al., 1971; Collu et &l., 1973) whereas it is reported
that pentobarbital causesAa rise in GH release (Martin,
1973/74) by affecting neural elements of the brain in
the rat. The oocﬁrrence of a pattern of intermittent
bursts of GH sccretion Auring the time of deeper sleep

O

was xnown in man (Quabbe et al., 19665 Takxahashi et 2l.,
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1968).

o statistically significent change in mean GH
concentration was observed in any of the treated groups;
It may be attribu%able, in a parﬁ,_to unfortunate choice
of time when the blood sample was obtained. ‘It has been
reported that both plasma and pituitary GH levels varied
markedly with the timé of day in the rat as éom}ared to
those in other specieg (Schalch and Reichlin, 1966
Takahashi et al., 1971; Dunn et al., 1973/74).

It has been described that anesthetic agents are
potent stimuli causing an increase in ACTH secretion
(Gibbs, 1970; Brown and Hedge, 1972; Dunn et al., 1972;
Cook et al., 197%3). 1In accordance with these reports
the rresent study demonstrates that ZXB elicited a sharp
increase in plasma corticosterone. A4 negative feedback
action of glucocorticoids on ACTIH secretvion is well

established (Sirett and Gibbs, 1969

N

immermen et al.,
1972; Dallman and Jones, 1973). The results of the
present study showing that 200‘pg/lOO g body weight of
dexamethasone significantly decreased corticosterone
\level of untreated and HXB treated rats are consistent
with previous reports. 'If isvparticularly striking in
the DHT rat that production of plasma corticosterone was
reduced by photié stimulation of all the frequencies

examined. This finding is contrast to that of wakeful
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rats in which sharp increase in plasma corticosterone
level ‘was ééen. No particular difference was found in
EEG evoked responses betweén wakeful rats and anesthe-
tized rats; But difference in EEG background activity‘
existed.

Feldman et al (1969) have studied inhibitory
effect of intrahypothalamic implantation of corticoids
on adrenocortical responses to various stimuli. They
observed that 30 min of auditory or photic stimulation
was most prone to inhibition by steroid implants.

hey considered that this may be reléted in someway %Q
the more neurogenic nature of the stimulus. This and
our results imply that the ACTH release blocking effect
by dexamethasone may not be solely exerted through
humoral effect but neurogenic effect; at least in part.
In other words dexamethasone may induce the neuro-
logical alterations resulting in fransmission of the
inhibitory signals for ACTH release. The alterations
in the CNS activity induced by corticoids have been
frequently reported. . It seems that the neuronal activ-
ity which inhibité the activity of ths effector is not
exceptional as seen typically in IPSP. Thus, the
present results that photic stimulation decreased the
cortiéostefone levels in DHT rat may be explained as the

consequehce of potentiation of the signals for ACTH
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releasé blocking elicited by dexémethasone.‘ And the
extent of this potentiation effect‘was marked in the
rhyfhm of 3, 15 and 24 cpsibut not observed in 9 cps.
In general, the direction'of the effecf'of artificially
induced rhythmic EEG activity on the adrenocortical
function seems dependent on fhe baékground situation in
the CNS, where the inputs of both stimulating and block-
ing signals mutually interrelated and there are ffequency
specificity in the extent of the effect irrespectively
of the direction of the effect. | \
From the results obtained in the present study
and the foregding diséussion, the situation we}have
arrived at may be depicted as follows: -

a) The specific rhyfhmic EEG patterns are re-
lated with éorrespondent changes in neuro-
endocrine activity.

b) However, the mode in involvement of rhythmic
BEEG pattern in the neuroendocrine regulation
is divergent; more precisely, the rhyﬁhmic
EEG patterns themselves could not be always
considered as the informatioﬁ carrier.

¢) Thus, the rhythmic EEG patterns may probably
affect the coding or decoding process in the
neuroendocrine regulation.

At present, the problems concerning the coding in the
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CHS sre, of course, unsolved. However, the present study
may indicaté possibility of a new approach in attenpt

to elucidate the problems of coding and decoding of the
CHS in the regulation of endocrine functions by artifi-

cially inducing the rhythmic EEG patterns.
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SUMMARY AND CONCLUSIONS

The present study demonstrated the entrainment of
hypothalamic EEG in the chicken by photic stimu-

lation.

- TRH elicited a marked increase in thyroid activity

of the chicken.

‘The flicker frequency-specific effect on thyroid

activity is mediated by changes in the hypothalamo-
pituitary function.

Photic stimulation caused a modifying effect on
responsiveneés of the hypothalamo-pituitary function
to cold exposure. |

Photic stimulation elicited EEG evoked responses in
midbrain reticular formation, amygdala, hippocampus
and medial basal hypothalamus of the rat.

Photic stimulation elicited frequency-dependent
increase in plasma corticosterone'of the wakeful rat.
The present study, thus, indicétes that the specific
rhythmic EEG patterns may play an important role for

neuroendocrine functions.
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