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CHAPTER I
Introduction

The concept of stress and the General Adapiation Syandrome
(G. 4. 8.) as proposed by Selye (27) states that any severe
alteration of an animal's exbternal or internal environment
may elicit compensasory changes on the bhehalf of the animal,
Experimentally, such factors as scalding, immobilization,
cnemicals, electrical stimulation, radiation, and osher
stressor agents have been used to initiate adaptative defen-
sive measures,

In general, the essence of this concept is that every
stressor »y way of afferent nervous Iimpulses or chemical
stimulation activabtes the hypothalamic centers wihich, in tura,
control the activiity of the adenchypophysis (anterior pituitary).
Stimulation of the hypobLtrhalamus, therefore, stimulates the

adrenobypophysis to synthesize and sccrete the adrenocorsico-

[

troplc nermone (ACTE). In response to this incrsase in ACTIH,
the adrenal glands beccome coveractlve, with the resultant increass
in the output of abiioraal gquantitics of various sterold hor-

ng either

&)

pe

mones. The adrenocorticoids may be classified as be
mineralocorticolds which influence electrolyte balance in the
body, or glucocorticolds, which influence carbohydrats, protein,

and lipld metabolism.



In the normal animal the synthesis and secretion of the
adrenocorticoids is trnought to be dependeni upon a neuro-
endocrine mechanism. “his has been called, collectively, the
adrenal-pituitary axis by Bacq and Alexander (2), who outlined

P

variocus parametsrs thet might indicate activitiy of thais system
in an animal urnder various conditions. Thsse inciuded changes
in ACTH content of the anterior pituitary, in circulating
eosinopinlls, in circulating corticostorocids, and changes in
adrenal ascorbic acid and cholasferol content. Accerdiag to
Ganong and Hume (&), a discussion of Lthe factors that inisiate
ACTH secretion 1in vhe strossed animal  centers around threes
factors: the circulating level of epinepnrine, the circulating
level of glucocorsvicolds, anc afferent nervous Impulses.
Gemzell (9) and others have shown that epinephrine, alone,
brings about a decrease 1n the numdier of circulating eoslinophils,
adrenal ascorbic acld and choiesbterol depleticn, and slevation
of the ACTR content of the blood while ncot alfeciting the levels
of 17-hydroxy sterolds in the blood. The concentration of
glucocorticoids in ths circulation appears to regulaite ACTH
production via a servo-mechanism, since Psron and Dorfman (25)
egtavlished that a high level of circulating glucocorticoilds

izhibited further releass of ACTH from the pituistary. Inaibivion,
indeed, anveared propcrtional to the gensral level of steroids
circulating in unstressed animals,

Tnat the hypothalamus snould be suspescted as a mediator

of afferent nervous impulses to the pituitary is a logical



T

o}

deduction; thig complex of nuclel surrounds and givess rise to
the infunclbuiar stalk of the pisuiltary from its veniral sup-
face. Thls anatomical locabion allows noth vevseis aad Tiper
tracts going to and from thne piltultary to pass through the
hypothalamus, The variety of stimull that result in adreno-
corticotropic activity suggests that nany pathways conbtribube
to the afferent input of the hypothslamus. Naute (21) con-
cluded that the hypothnalamus forms part of two neural circuibs,
one of which cennects with the limbic forebraln structures,
the other with a medial zons of the midbrain,

‘Several lines of evidence support the contenticn that
the hypothalamus does control the activity of the adeno-
bypophysls ana herce adrenocortlcotroplc activity. Slusher

oth

X

(28, 29) ana Suzuki and Rcmanoff (32) have observed in
cats and rats that stimulation of the medial aand posterior

reglons of the hypothalamus resulted in rapid, marked increases

[ g

'Y

in the adrenal steroié output. HMsson (17) noted similar plasma
17-hydroxycorticosteroid elevations to follow nostericr hypo-
thalamic stimulation, rollowlng acute lesions of the median
eminence, McCann and Faberland (20) noted as much as Tifty

per cenrbt reduction of pnitulvary ACTH content in rats. Stress-

s pravented following vosserior

=
3

induced eosinopenia in cats
hyvothalamic lesions as repcrfed by Porter (26) and by Anand
and Dua (1, 2). Story et al. (31) attempted to- deternine 1f
other higher centers of ths ODrain were necessary for adic.al

cortical socretion of supra~opiimal amounts of 1l7~hydroxy~

cortisteroids due bto operative trauma. Stepwise removal ol



I

the brain down to the hyocshalamus resulted in no diminusica

In tue maximal adrenal cortical »response following the opsrative

procecure. Lfter removal of the hypothalamus thers was a
persistence of adrenal corticold secrstion up to six hrurs;

3

the pituitary was left intact. Story concludsd that the

central nervous sysbem anove the hyosothelanus was not essential

._ v

for adrenccorticold producvcion. Tris would tend to support

L

L)

ths work of Knigge (13), who obssrved thav ab ceprtaln time

intervals correspcnding to low plasma cortlcostercid levels

[y

the pltultary stlll ceontalnoed an anove-control level of ACTH.

o

From this and other evidence at hand, it would appsar tha
the wosterior reglons of the aypothalamus exert the more
profound effect on the pitultary.

In regard to the sffects of lonizing radiation, Selye (27)

steted that the penetrating nature of X-rays rendered them

eminently cavable of evoking the genereal-adapiation-syncrone.

Patt gt zl. (23) demonstrated that wnole-nody X-irradiation
actlvaves the plbuitary-adrecnal axis as evidenced by a decrease

in the adrenal cholesterol ceontent and compensatory adrenal

hypertrophy. Subseguently, oF using hypophysectomized animals,

Patt et al. (2l) showed the adresnal gland to be dependent upon

an intact pituitary gland.,

and Wexler and Pencharz (33)

_—

Rinhammer and Crocker (5]
noted a marked decrease cf adrenal ascorbic acid a2t ore hour
pest-irradiation with a concomitant sustaincd adrenal hyper-

trophy. Oster st 2l. (22) observed a 'similar response



accompanied by an ascoroic acid depletlon from muscle and plasmée.

- N i - . 7 - 3 -
Bechaute st sl. (7) reporisd a thre

(o]

fold riss in the plasma

corticogterone concentration of rats subjscted tTo 750 btotal=-

£
<t

oody X~irradiation two and one-hall hours later,.

More recently Hameed andg Halsy (11), by administering 650r
whole-body and body-only irradlation to rats, causs d a marked
increase in beth the plasma and the adrensl gland sterold
levels savensLy-two hours laber,with return to control valuss
on the suceseding Afay. Hypophysectomized rats showad no
change in hormone concentration., Data obtalned aller pre-

treatment with an adrenal cortical inhibitor indicated that

the deprsssing effect of radiation oa the acrenal gland was
not sufficient to prevenit she adrenals from responding to
ACTH. Summarily, bthe authors concluded that X-irradiation

acted as a nonspecific struess as

l)q

ent. These data, in general;
substansiated those obtained previously by Lott and Gaugl (16),
who reported that plasma ccriilcosterone levels change in a
relatively short time in irradlated rats,

. =

Tn sttempruing to determine if X-irradlad

|_l-

on acuwsd as &
dirsct stress agent, Mateyxo and Zdelman (1¢) fouad that
localized hody irradiztion produccd changes in pltuillary ACTH
concentration of the same order of magnitude as whole-body
irradlation, thus suggesting a nonspeclilc effect. Conversely,
they observed that ACTH activity in the pitultary gland increasud

affzct

bt
m
SR
tte
s
o
[¢]
<t
CJ

after localized hypophysesl irradiation; herel

.

on the glané was suggested. Bacq aad dartiaovitch .5} suggosted
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b

that this activity wes stimulatsd by the hyposthalacus, Thelr

=1 T8 it

contentlon was bassd upcn the ifact that the

E

irst rzaction,,
that occurring during the first twenty-four hours ncst-sitress,
was adolished after ths prcduction of legions in the unyootralamus.

that tne adrenal

or
2

Additionally, RBacg and Martinoviitch reporis

glands of newborn rats and thoses of hypophysectomized rats
with pituitary grafts in the anterior chaemier of the eye did

not react in the uvsual manrver to X-iirsadiation; thners was a

&

glight decrease ih ascorbic acid but an increase 1o cholestsrol.

e

Tne implication was that the hypotnalamus masdiassed the rs

€3
e
o}
w3
[
*

15
Bacqg and Fischer (i) showed that the initial adrenocorticoid
rosponse, tnat occurred the third hour post~irradiation, could
be abolished by pre-treatmsnt of the animals with a barbituraste.
( Nembutal) and morpnine; this pharmacological treatment has
been shown to block hypothalamic control of the adenchypophysis.
In the discussion of their vzsults, Lottt and Gaugl (16)
suggested that the delay in ths respcnse obvserved in hcad-
shielded animals with respect to wiavle-body iprradiation indi-
cated  that the pitultary did not yet "kaow" the system was
under strsss. On ths other hand, evidence that indlcates an
sXtreme sensitivity of the central nervous system (CNS) to
fLonizing radlation has been mounting. Suirnova {30) fouad

63

b

that stimalation of the hyvothalamus in irradiatsd rabd
vroduced a two-phase dilator respcase in contrast to a pre-
irradiation constriction responsse. Livanov {15) by means of

chronically implanted hyvothalamic electrodes noted alteration



of the slow waves in the rabbit following tctal-body irradleviorn.
Lobedinskli and daknilt'nitskaya (1L} roporbted what S0r whole-
body irradiabion vrocduced an incrcased sxclsabilivty of fne
antonomic centers in the hypcthalemic region., Haley &t al.

{1C) revorbted that tobtal-body irradiation with 600r altered

w3
i
O
H
Gi
Q
]
r 2
<
&)

the rate at which rats w.ll press a var in oras

stimulstion from electrodes located in ths posteriocr aypo-

thalamus,. rMonnier and Xrupp (19) sh. yed bhat threshelds for

ttie BEG arousal reaction, evoked by stimuiacion of the mid-

brain rcticuiar formation on tae posiésro-ventral hypsthclamus,

decreased following LOQ or 600r and inecreassed after 900T.
Kimeldorl and Hunt (12) stated thab

From tne Zdata avallable, we can coaclude that
the hypothal.am.s, midbrain, and hippocampus are
particnlarly radio~sensitive regiong of The braln.
Howsver, 1ittls can be saild about the precise sides
or mechnanisms for the zction or irradiation in
tnese areas.,

The fovegoing svidence gstrongly implicates ths hypothalamus

ag an sssontlal element in the initiaition o»f the pituitary-

ol

adrenal resoonse Lo & stress azsnt. The cgusstion arises as to
exactly whers in the hyoothalamus 1s the adrenal-pitultaxy
response to X-irradiation "triggered” or initiated. Moreover,

-

on acht dirsctly on specific centers in

.

doas lon121ng raciab

the brain or does it sct indirectly via the productlon ol some

Lo

rumoral agents? Finally, what role doos the nypothalamus play
in the radiation-syndrome? The purposs ¢l the vraesent study
was to attempt to answer tasse quecstions by cetermining ISha

ffacts of two stressor agents, X-irradlatlon and electrical



o

‘stimulaticon applied eisner singly or together, oa the acitlviiy
of the adrenal-~pitultary axis. The parauigicrs moasured Wers
changes in plasma corticosteronz, in circulating eosinophils,

and in adrenal gland wsight.
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Flectrical sitinulation of the nyoothalamus was sccomplished
by means of a single, permancavly implanted, mouopolar elecitrodo.
Pilacement of the elsctroce was aflccved by means of a Horaley-
Cilark stereotaxic anparatus (

Koof Instruwasnt Company { Tsjung

2

tersotaxic coordinates (2) were ascd Lo ascertain the sxact

U

vosition of ithe 2lectrods. These coordinatess were [L.5 -

5.0 mm. antericr from the sxternzl cadltory meastuy, 0.5 mn.
lateral from ths longlitudinal craanlal subture, sad a vertical
deviation o @.0 mﬁ_ from the surface ©

thoese coordinates, the tip of

oy 4 A T T svn e T my Tvada e T
terior nuclel of the hyvothalanvs. The3s coordinates were

=~ - - P SN Ve o o o e
used for sach animal testzd., The gxact locavticl of ths slece

trode was counfirmed by X-rays and ulstoleogical sxaminaition
of stainsd braln zectlons made ab LuLI0P8Y.
The electrodes used were #00 stainless insec

Adams Company, Hew York). Toe head of cach pin was clipped
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pecially vrepared liquid insulabor (Yooxyiite Corporation,

o

byl

21 ¥onse, California}, The electrode was dipped into she
insulator and drawn out slowly, keeping 1t in contuct with the

wall of the vessel to assurs that ne bubdbles formsd along its

b

J.

length. Tho Insulated pin was then allowzd to air-dry for
approximately cne hour, at wnich time a second coat was appliicd
in an identical manner, Ths slectrode was nsxt placed in a
drying oven overnight at a temperature of approximasely 507 C.
The diametor of the electrode, aflter thls step, was 0.L mn.

Prior to implantation ths insuliation was scraped from the

disbtal 2nd by fthe use of a4 dizsecting microscope, This slep
n

resulted in exposing approximately C.S5 ma, of the o

[

ip. Sterilization prior vo implan
r.’

by 1:750 Zevnharia chlicride Tor ong hour.

L4

In all of the exveriments, 1lmplzntation and

serformaed in grouvos of three cor four animals. Ths operative
N - o At P 1 3 e N P = A oo oo

nrocadure was as Tollows: e animel vo be tosted was aneg-

thesized with sodium Nemdbutal, inira-veritoneally (23 ag./ks.
\

body weight) and mounted in the stereovaxic unit {Figursl },

Eoea

. . \ ey s
the animal woeme then zsihaved and a miclins

Lot}

Tne head and neck o
incision in the skull was made. ‘Tne ccnnectilve i
the calvarium was scraved aside and the resulidant
vleeding stoppsd by meansg of an slsctro-caubtery. Lo tragus
of the ear was next cut to allow the gar bar ol the sterso-
taxic instrument easler asccess into The external audliery

moatus. The anrnimal was fixed in the Horsiey~Ulark ilnatrument



by placing tne ear ovarg Lnivc the audifory canal with tne
incisor bar pnlaced bshind the uppsr inclsor festh. The 4hszad
of the animal was centered by clamping the car bars in placs,
end fastening the nosce tightly by The nose clamp. [L properly
positioned, the animal was unable %to move i%s head sven if it
happened to awaken during She operative procedurs.

Two small holes were then drilled in the skull by means
of a hand driil. ‘Thesc wsre placed zlong an anterior-nogterior
line, cne in the frr-antal and the other in the parietal bone
cn the side contra-lateral o %ne c¢lectrode pliacemsnt. Indo

these holes two steel jeweler's screws were securely soi;

these served to anchor the protecilve cap which was subssquently

o)
p

affixed to tks skull., Ths electrode rrier was next positionsd

above the slte of entry into the skull; this site was carefully

-
cf
6]

marked and a burr hole 1.5 mm. in clameter was made by msans
of a dental drill, Caution wes nscessary at this polnt to
insure that the drill did not inadvertently, in passing through

the skull, damage the cortex. The slscirode carrier was then

e .. .
Lo e

3

carefully repositioned to insure fthat the electrode was ce
in the burr hole. Tt was then lowercd to the desired depnih
and carefully detachsd from fthe clecirode carriser, o insure

that the electrode remained stationary, a profective cap was
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censbructed aoout the electrods from luwel
(L. D, Cawlk Comvnany, Milford, Delawars). The two stesl scrsws
were also covered by the acryllic to ald in immobilizing the

elecirode., The can was bulllt up to a nsight of approximately

0



[
O~

.3 centimster. Once the acrylic was dry, cryssvalline Sul-
fathiazols was gsprinkled into the wound to provent possible
bacterial infection and the incision was closed.

The animals were then returned to the communal cages for
a post-operative psricd of at lesast one week to allow for com~-
plete recovery and to regain any lost weight., The animals
wers maintained both pre- and post-operatively on Zurina
laboratory Chow and tap water ad 1ilbitum.

The day prior to. Gtesting the animals were taken to the
recom in which the testing was to be performed and weighed.
Rach animal was placed in an individual covered cage; this
was done to allow for more complete adaptation to tempsrature,
light, noise, and the like, since any one of these factors
could serve to activate the adrenal-pltultary axis. Tnis
procedure was completed some fifteen - eighteen hours prior
to testing. Constant lighting was maintained in this room;
the temperature was relatively constant at 24 + 2° C,

On the day of tasting, the animals were anesthesized ecarly
in tae morning, and care was baken o insure that fesving was
initiéted at the same ftilme of day. This was done to compensatbe
for the diurnal variation of fhe adrenal cortical sterolids.
The animals were allowed to remain quiet in their cages for a
period of one hour, since Beigelman and Slusher (1) have shown

that with Nemhutal anegthesia there was an initial deoression

r

in the concentration of the steroid production, followed during

the first hour by a subsequent return to control or "resting"



17

levels., At the end of this interval, the animals were indi-
vidually removed Irom thelr cages and placed dorsal side up
on a resgtraining board to awalt experimentation.

Tn this study, three physiological varametsrs were moni-
tored: the plasma cbrticosterone, the absolute esosinophill
count, and tne weights of decapsulated adrenal glands. Tall
blood samples (1 ~ 1,2 ml.) were collected for the subsequent
pre-testing period cortlicostercne analyses and eoginophil
count determinations.

Givner's and Rochefort's (L) method for debtermining plasma
corticosterone content was 11tilized in this study. It may be
outlined as follows:‘ Following centrifugation of the blood
sample, one part (.5 ml.} plasma was withdrawn aad added to
one part dedlonized water and six parts two, two, four-
trimethylpentane (iso-octane:). Tnis mixture was mechanically
shaken for one minute and centrifuged for three minutes. The
iso~octane layer was aspirated; one-half milliliter of the
agueous layer was transferred to ancther tube conbtaining six
parts de-lonized water and f{ifteen parts chloroform. The
agueous layer was washed with Spectrograde chloroform by
shaking for one minute prior to centrifugation for threo
minutes. The =sguecus lsyer was aspirated and to the chloro-
form was added one part 0.1 N sodium hydroxide; the mizture
was shaken for one minute and centrifuged at 2000 rpm for
three minutes. The basic aquebus layer was asplrated and ten

parts (5 ml.) of the remaining chloroform layer was transferrsd



.
15

to another btube conbalaing two parts (1 ml,) of a solution
made up of seven parts thirty-six N sulfuric acid and three
parts absolute ethancl. The mixture was gently shaken by
hand for fifteen seconds, cenirifuged for thrse minutess, and
allowed to sit for a period of thirty minutes Ifrom the time

of addition of the acidified ethanol solution. This period
of time was carefully controllec in all determinaticns to
allow the development of uniform fluorescence. At the end

of the thirty minute veriod, the c¢hloroform layer was aspirated,
and the remaining acidic layer transferred to quartz cuvettes,
Resadings were initlated within five minutes.

Fuorometric detsrmination of corticosterons in the resultant
extract was carried ous with a Model 110 Turner Fluorometer
( Turner Associates, Tncorpcrated, Pslo Alto, Californiaj). The
primary filter was a Corning No. 47-B; the secondary filter
was a Corning No. 24-12, The light source was a General
Blectric near ulstra-violet bulb No, L-W. 4 micro-cuvetbe
adapter {Turner Cat. # 110-865) was also nscessary to hold
the small cuvettes. The foregoing filters and U-V bulb were
suggasted speéifically for corticostsrone dsfberminations by
the Turnsr Company.

Absolute eosinephil counts were made, using the direct-
chamber counting method of Pilot (5). A standard white cell
blood vipettec was filled with vlood %o the one mark and dlluted
to the eleven mark with Pilot's stain; the pipette was shaken

for thirty seconds cn a pivette shaker and allowed fto stand



for a minimu; of fifteen minutes prior o counting., After
discarding the staining fluid in the stem of the pipette, the
f101d of a standard hemacytometor was Iilled with the oplood
sample and allowed %o stand for at le«st three minutes to
permit the cells to settle onto the counting grid; each field
was filled with the fluid from a separate pipette. A4ll nine
chambers of each grid were counted and the values of each grid
of.tho hemacytometer averaged, The averags number of cslls

per cuble millimeter swas reported., The eosinophils appeared
as large ruby~red cells taat were easily distlngulshable.
Pilot's stain consists of one part ten per cent sodium car-
bonate, fifty parts propylene glycol, and ten parts of phloxinue
and forty parts distilled water, The sodium carbonate served
to 1yse all leucocytes except eosinophils, wnile the propylene
glycol rendered the red blood ceils_invisible, and the phloxine
gstained the ecsinophils a ruby-red color,

Electrical stimulation was accomplished with a Grass S4-B
gtimulator delivering 3.0 volts at a pulse frequency of twenty-
five per second. The pulss duraticn and pulse celay was ons
millisecond. This pattern was previously shown by Porter (6)
to elicit an eocsinophilic response in rats. DThe stimulus
nattern was delivered In alternating periods of five seconds
stimulation followed by five seconds of rest for a veriod of

) 4

five minuntes, To stimulote, one lesad was connsected to Ghe
>

implanted monopclar electrode while the other lesd was attached

to one ear. The ear, therefore, served as an indifferent electrods.
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Unfiltersd X-irradiation was delivered from a General
Blectric Beryllium window X-ray unit, 120 XVP, 5 ma. The
target distance was fiflty cm. thus giving a cé&lculated alr

dogse of 188r ner minvte. Whole-hody irradiation was adminis-

.o ta

o

tered Tor a total of 5.2 minutesg glving a cumulative doss of

o]

996r, This Aose has been establishzd as an LTy gg dose (3).
The LDypp dose was chosen in order to insure maximum effecihs
in regard to the alarm reaction.

Pollowlng electrical stimulation anc/or X-irradiation
the animals were reiturned bo their respective cagss. They
wors allowed to rest quietly untll the comoletion of their
particular teast inberval., Care was taken to prevent nolse
and excessive traffic in the room in which the animals were
housed.,

At lnservals of three, six, twelve, and twenty-~Iour hours
following the test period the animals were sacrificed indivi-
dually, as cuickly as pessible, with a Karvard guillotine
(Yarvara Apparasus Comoany, Dover, Massachusetts). The blood
collected was used for both the corticosterone determination
and éosinophil count. The adrenal glands were remeved and
decapsulased to minimize welghing errors due vo adnerent fat,
and weighed on a Mettler balance, Prior to removal, a coagu-
lating current was passed through the implanted electrode in

ths brains of the test animals to aid irn identifying the slec-

trode site. The bralns ware then removed and placed in vuffered

formalin for fixation priocr to histological sectioning on a

frozen microtome. ‘‘he tlssues were stained with thionin.
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The experimenis were fivided Into the followlng series:
1. Sham-irradlated and unstimulated

. Stimulated and gsham-irradiated

. Lrradliated and unstimalated

-

. lrradiated and stimulatad

o

. ACTH injected, stimulated and sham-irradiated

2

3

i

5. ACTH injscted, unstimulated and sham-irradiated
6

7. ACTH injected, irradiated and wunstimulated

All animals recelved wholes-body X-irradiation. “he
adrenocorticotropic normone {ACTH) was obtained from the
Futritional Biochemical Company, Cleveland, Chio. The ACTE
was injected (15 unit per 100 grams body welght) into the
lateral tail veins,

In preliminary runs, an attempt was made to implant a
venous cannula infio a given animal so that blood sampling
could be done with as litvtle disturbance to the animal as
possible. YMoresover, with such a teéhnique, 1t was hoped
that the blood could be saken at the varlous time intervals
from the game animal and analyzed accordingly. Due to the
inabillty of the implanted cannulas to remain open, however,
tthe procedure had to he avandoned. The animals, thereifore,
were divided into several groups (four animals per group);
each wag: sacrificed at a given time interval following the
test periodsid est, at three, six, twelve, and twenty-four
hours. Moreover, due to the failure to obtaln more animals

from animal suppliers during the month of May and June, a
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series of exporimenks involving the sffects of simultaneously
applying ACTH, stimulation, and X~irradiation had to be

postponed for future studies,
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CHAPTER III
Results

The data rsported here were obtained from 100 animals.
Tnis does not include the number that were required to learn
the stereotaxic vrocedure and to estavlish the present experi-
montal format, The data ars: presented as curves cgonbtalning
mean values. 1In every curve, the pre-stimulus value was ob~-
tained from determinations made Hen minutes prior to the test
period., The tables present summaries of the data including
the standard error of the mean (SEM) for each group of animals
in a given series. Migure 2 shows the position of a typically
implanted slectrode in a lateral, radiographic view of the
rat skull. IFigure 3 shows the locus of the slectrode tip as
indicatod by the lesion made by an externally applied elec-
trical currsnt., The tip can be seen located in the posterior-
median area of the hypothalamus.

Figure I and Table 1 contain data showing the effects of
X-irradiation on the corticostercne respcnse to hypothalamic
gstimulation. 1t was apparent that stimulation alons, X-irradiation
alons, as well as applying irradiation and stimulation simul-
tanéously, resulted in an increase 1n corticosterone levels at
the third hovr and sixth hour. In the stimulated group, return
of the corticold concentration toward control levels occurred

at the twenty-fourth hour., In the simultaheously stimulated

24
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and irradiated group, however, a return to pre-test lsvels
occurred at the twelfth hour. No additive effect of Xeirradiation
and stimulation was noted. Tt was interesting to note that
thelsteroid'levei in the irradiated group failed to return to
pre-testing levels even by the twenty~fourth hour,

Figure S and Table 1 indicate a simllar eosinophil response
in all three test groups of animals, at least during the third,
sixth, and twelfth hcur post-test period, Indeed, all four
groups of animals showsd an immediate drop 1n eosinophil count,
id est, at the third hour. The eosinophil count in the control
group, however, began to return to pre-test values at the
twelfth hour., In general, 1t was clear that all thres experi-
mental conditlons brought about similar states of eosinopenia
in the animals., There was no evidehce of a differential responses
in the test animals with the exception noted in the animals that
were stimulated only. +hey exhibited a recovery in eosinophil
count at the twenty-fourth hour pcst-testing. No recovery was
present in any of the X-irradiated groups.

The data in Figure 6 and Table 2 indicate that X-irradiation
at 996br resulted in a glight but sustained increase in adrenal
weights, whereas electrical stimulation alons brought about a
slight but sustained decrease in adrenal weights. Animals that
racelved both 996r and stimulatlion exhibited a slight decrease
in adrenal welghts followed by a recovery by the sixth hour.

Figure 7 and Table 3 contain a summary of the daba con-

cerning corticosterone responses following the application of



30

125 =+
@ O SHAM-IRRADIATION AND SHAM=STIMULATION
@ STIMULATION AND SHAM-IRRADIATION
O 996r AND SHAM-STIMULATION
100 < ® 996r AND STIMULATION

EOSINOPHILS/MM3

U

o
1
s

xm

G
ao

,@—— “‘“Hhhﬁhhh@

1
)
PRE 3 6 12 2l
HOURS POST-IRRADIATION AND STIMULATION

Fig. 5 == A summsry of the effects of X-irradiation
and hypothalamic stimulation on the eosinophil count
in rats.



MGS/100 GM BODY WEIGHT

25

154

31

O

SHAM-IRRADIATION AND SHAM~STIMULATION

©
@ BTIMULATION AND SHAM~TRRADIATION
@ 996r AND SHAM-STIMULATION

o

5 wim
996r and STIMULATION
L ! 1 3 |
25 71 . ’ d v
® ACTH
20k @ ACTH AND STIMULATION
©  ACTH AND 9961
15 -
@/ ®>(° °
@”_‘"_5 b,
10 /8 \® o
@
5':'
: : 5 s )
PRE 3 6 12 21;

Fig.

HOURS POST-IRRADIATION AND STIMULATION
6

-~ A summary. of the effects of ACTH, hypothalamic

sfimulation, and irradiation on the adrenal gland weight in

rats,



32

1gdtem LApoq w3

uBewW JO JO0JI9 PJIBPUBYE,
00T/2M TBUSJIp® paared 3w UT UIIoM uBSY

2
v

e i
SO

ES

T*'T + L°6T + 2°LT L°T ¥ T 61T Po1ETD
- _ _ _ ~BIIT + POJETNUILS
e + 1°12 + &'t 6'2 + + 2°22 Pe3BIPBILT
fi'e £ 5°LT +TULT Ly T o°Ht POqETAWTLS
1°2 + 9°91 + T°6T 1°0 + ¥ T*6T | POIB[NMWIIS-WBYS
3% + PS9EBIPEBIJIT-WBUG
T2 2t 9 €

UOT1BIDE

JO/PUE UOTGETNILS-380d SJNOH

sdnoday 41s$9]

SLVH NI NOILVIAWILS OHiﬁﬁdeomHm

DNIMOTIOH SHOHVHO LHDTYM TTVNIHAV NC NOILVIAVHHI-X 40 SILOHALH HHL

IT #IdVd



33

100 4 O ACTH
© ACTH AND STIMULATION
90 -
_ @ ACTH AND 9961
i
80 -
S70 =
<
[9p]
ﬁ
Ay 5]
il | -ln
S o
—
~
=50 =F
O
[0
=5
B
&
O 10w
H
£
o
(@]
Lo
bUBO -~
=
20 we
®
10 <k
T 4 } 4 :
PRE 3 6 12 2l

HOURS POST~-IRRADIATION AND STIMULATION

Fig. 7 == A summary of the effects of ACTH, hypothalamic
stimulation, and X-irradigation on corticosterone level in rats,



34

snieA snInuTgs-sad woLJ SFUBYO JUSD J9dy:
syewTUR JNOJ JOJ UBOW

JO J0J48 ﬂmmwcmpm

o
(]
&

3
o

€T + 2 +22 {€9T+ & +€9[S2t+ € 18| o002+ 9 x2L | € + M| pejernuilys + HIOV
2€ + 9 * G2 |GhT+ 2 +9SlT2z - 2 +GU| 2¢€+ 2 x2g | W =+ 6T I9h66 + HLOV
G2 - 9 +9T |& - 2 + AT 592+ € + €L 062+ OT + gL | & + o¢ HIDY
Amammﬂa W QOT/3n)
QUOJIR4S00Tq40)
9l -~ OT +G9 |LL - N1 xl2199 -~ L +6£)| 69~ QT + g1 | 92 + 9LT| Po3IBTMWILIS + HLOV
9L ~ 2T +9QT log~- @ +STj9l - S +Q9U| QT - 1TIT + 6¢ | 62 + 5L 1966 + HIOY
0L - HT +0f {€N - G2 +Q5}%95 - TT +H| WL - L + 92| 2¢ + TOT HLOV
: ae3% 3% ﬁmﬁﬁ\ﬂﬁamou
STTYACUTSOH

adueyn LT atueun 2T { 9duBy) 9 sduely) ¢ | suTnutgs

% o . % “ 9% ~8IJ sdnoan 1389

UOT4BIPEJdd] JO/PUB UOI}BINWUTI]IE~1S0d SINOY

QLYY NI ROILVIQVHYI-Y ARV NOILVIOWILS OIHVIVHLOJAH

HOINHLSOd OL HSNOJISHY TVNIYAY HHDL NO HIDV A0 SLOHAJLd HHL

IIT #1dVL



35

ACTH alone, ACTH and hypothalamic stimulatlon, and finally,
ACTH and whole-body X-irradiation applied simultansously. It
was evident from this data that the ACTH either in combination
with stimulation or with irradiation produced an immediate
(third hour post-testing) response similar to that induced
by ACTH alone. A return to pre-test levels occurred by the
twelfth hour in ithe animals receiving ACTH alone. In the
animals that received both ACTH and stimulation, a return to
pre-test levels occurred at the twenty-Iourth hour post-testing.
Interestingly enough, the animals receiving ACTH and 996r
whole=~body X=-irradiation exhibited a return to pre-test levels
of steroid at the sixth hour followed by a secondary rise at
the twelfth hour bsefore returning to pre-test levels at the
twenty-fourth hour post-testing. This biphasic response in
steroid levels occurred in all of the animals tested.

As shown in Figure 8 and Table 3, the eosinophll response
at all three experimental conditions was relatively similar
id est,an immediate and sustained eosinopenia. The sosinopsnla
noted in the animals receiving ACT and X-irradiation appeared
o be more severe than in animals receiving ACTH alons or in
combination with hypothalamic stimulation. Indeed, there was
svidence of a recovery in the rats recelving electrical stim-
wlation and ACTH. Figure 6 and Table L contain data that
indidate that changes were relwtively similar. The lncrease
in weights shown in animals receéiving X-irradiation and ACTH
at the twelfth and twenty-fourth hour may not be statlstically

significant.
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In general, the data indicate an inverse relationship
be tween corticosterons levels and eosinophil count, parti-
cularly at the third and sixth hour post-testing. This
relationship was qulite clear in the sham-irradiated and elec~
trically stimulated group. In bthis series, a distinct recovery
in the eosinophil count was noted at the twenty-fourth hour
post~stimulavion; at tnis time the corticoid level had
returnsed to pre-test levels, This inverse relationship between
the corticold level and eoéinophil count was also striking in
the X-irradiated animals throughout the entire time sequencs.
In those animals that were X«irradiated and stimulated, the
inverse relaitionship was cloar at the third and sixth hour;
however, at the twelfth hour post-testing, a profound drop’
in corticoid occurred, At this point 1% was expected that
there would occur a recovery of the eosinophil count., This
event was not observoé. The inverge relationship was also
clear cut in those animals receiving ACTH alone, although
recovery in the cosinopnils was not as great as was oxpected;
indeed, another drop in count was noted at the twenty-fourth
hour post-injisction. The inverse relationship, however, was
clearly deilned in those anlmals recelving ACTH and electrical
stimulation., Agsein, a slight recovery in eosinophil count was
notsd at the twenty-fourth hour post-testing and at the same
time in wiiich there was a marked drop in corticoid levels.
One of the more striking observations was found in the rats

Ay

that received ACTH and 996r X-irradiation. The eosinophil
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reaponse in this group was similar to the other test group in
that there was a marked and sustalned esosinopenia. The cCor=
ticosterone regponse, however, was distinctly biphasgic in
character, with "spilking" occurring at the third hour and
twelfth hour while dropping at the sixth and twenty-fourth

hour. This observation was wholly unexpected.



CHAPTER IV
Digecussion

The experimental procedures used in this study and the
problems involved with each wers . numerous. Since not all
stersotaxic Instruments were exactly alike, it followed that
the published stereotaxic atlases derived from various animals
using a certain kind of apparatus wers also disgssimilar. This
meant that corrections in the coordinates had to be made to
make sure that the implanted electrode was properly placed.
Insulating the electrodes without the presence of bubbles
along the pins was another obstacle. Making and molding the
acrylic material used in the protective cap was no easy task.
Rleeding of the éranial tlssue had to be controlled by pressure
and electro-cautery to prevent undue sffects in the animals.
Givner and HRochefort's fluorometric method (11) is comparatively
new and is hasically a modification of the older method of
Guillemain (13.), DNumerous "check" runs had to be made to validate
the uge of the newer method in determining corticosterons in
relatively small (less than one milliliter) samples of plasma,
In this rsgard, the flucrometric techniqus for the determination
of cortlcosterone pcssesses some lnherent handicaps., The
gpecificity of the methods in use depends upon the removal of
neutral 1lipids by extraction with a compound such asg iso-

octane and phenclic compounds such as estrogens with a base.

40
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Chloroform will extract fat-scluble compounds other than
corticosterons. The extraction procedure of Guillemin et al.
(14) was used in the initial stages of this investigation and
found to be, in the hands of this investigator, highly erratic.
The method of Glivner and Rochefort proved to be more reliable
since the substitution of the ethanol-sulfurlc acid mixture
for thirty N sulfuric acld ylelded a more stable fluorescence
of the corticosterone solution. Preliminary trials using this
method ylelded recoveries in excess of eighty-seven per cent
corticosterons; from this i% was concluded that the method
would yleld valid results. The overall mean pre-stimulus
corticosterone value was 24.4 + 6.8 ug corticosterons/100 ml.
plasma, which agreed favorably with the "resting" values
reported by other workers: 19.. ug as reported by Moncloa

et al, (21), and 15.2 ug reported by Guillemin, et al. (1l),
while Zenker and Bernstein (30) obtained a value of 33.3 ug/
ml. plasma,

Another point should be ralsed at this time concerning
the histological sxamination of the brain tissues at autopsy.
The prsition of the electrode was egtablished on the bagis of
graphs found in DeGroot (7). Most of the electrode tips were
estimated to be in the posterior-median regiong of the hypo-
thalamus. In three animals, however, the tips were sstimated
to be in the anterior-medial portion of the hypothalamus. One
must keep iIn mind that the distances invelved here ranged

between 0.5 to 1.0 millimeter. Considering the possibility of
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deflection of the electrode upcn being placed, coupled with
the overall slize of the lesions made prior to autopsy, the
oxact position of the elesctrodes could only be egtimated.

The data indicate, however, that since similar responses

were obgerved in all of the animals 1n a given series, one
could agsume that the electrodes were in similar functional
loci. This may be an Ilmportant factor since some workers
have shown that electrical stimulation and/or lesions in
various portions of the hypothélamus produce different effects
in regard to corticoid output, adrenal ascorbic acid content,
and aosinophil response. Indeed,.the hypothalamus has been
rigorously investigated in order to determine whethsr or not
some semblance of functional zonation exists. McCann and
Haberland (23) observed the abolishment of adrenal ascorbic
acid depletion which normally occurred one to four hourg fol-
lowing unilateral adrenalectomy with medlan eminence lssions,
Porter (25) prevented the stress-induced soginopenia with
vogterior hypothalamic lesions while anterior lesiong showed
no regponse. Destruction of the mamillary and tuber cinsreum
regions ylelded varying degrees of response, &lusher (26, 27)
and Suzuki and Romanoff (28), on the other hand, reported
elevated 17~hydroxycorticolid levels immediately following
posterior lesions. Mason (20), by stimulating an area in the
anterior medial hypothalamus of monkeys, the periventicular
area, observed marked 17-hydroxycorticoid output of magnitude

gimilar to that brought about by an intravenous injection of
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ACTH shown to produce a maximal rate of rise. From this one
could conclude that electrical gtimulation of the posterior-
median regions may bring about marked slevations of adrenal
cortical hormones, The present data, in regard to the corti-
cogsterone response to electrical stimulation of the hypothalamus,
do support those of Slusher {26, 27), Suzukl and Romanoff (28), |
and D'Angelo et al. (6) who used rats in their studies,

In regard tco the eosinophil respconse, the largest eosino=-
penia following stimulation, as described by Anand and Dua (1),
was elicited from the antero-medial regions of the hypothalamus;
eosinopsnias resulted from lesions in the more posterior areas
of the complex but were rnot of the magnitude of those seen
following anterior stimulation., The data presented here coln-
cidad with those reported in an earlier paper (2).

In assessing the role of the adrenal glands in stress,
one must conslder the statements of Bacg and Alexander ().
Theylcontend that the adrenal response was not necessarily
proportional to the ccncentration of ACTH and t herefore @o
corticoid levels in the blood. D'Angelo et al. (6),.more-
over, presented evidence that adrenal activation could be
done with the mere pressnce of an electrode in the hypothalamus;
therefore, following stimulation the presence of the electrode
may se}ve to potentiate or prolong the effects of excitation.
This may account for the fallure of the corticosterone levels
to return to pre~Sesting levels in most of the animals tested

before the twenty-fourth hour post-stimulation.
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Adrenal hypertrophy and atrophy was one of the earliest
used indices of adrenal activity. Ganong and Hume (10) and
McCann (23) showed prevention of compensatory adrenal hyper-
trophy one month following unilateral adrenalsctomy in animals
with hypothalamic lesions, whereas Patt et al, {24) showed
unilateral adrenal hyperirophy to follow gix hours after
exposure to X-irradiation. The use of unilateral adrenal-
ectomy for long~term studies would appear to be a more valid
parameter but involves laparotomy, which 1ls a major stress in
itself and, therefore, is unsatisfactory for short-term studies
such as this. Accessory adrenal tissues have been described
(12}; additionally adrenal cérticoids of gonadal origin are
known to exist. Tn view of this it was difficult to rationalize
that differences of adrenal weight during the flrst hours
following stress lndicafte specific adrenocorticotropic activity,
Differences 1ln weighing techniques could lead to large sources
of error due primarily to adherent fat; decapsulation was im-
varative for meaﬁingful comparisons., The present study indlcates
that adrenal weight changes may be 1inadequate criteria for
assaying activity of the adrenal piltultary axis.

In cemparing the eosinophil responses that were obtained
by X~irradiation alone with thogse effects of electrically
stimulated animals, the data indicate that ths effects of the
latter stress agent appeared to be slightly smaller in ampli-
tude, and more reversible., The irradisted animals exhibited a

slightly greater, sustained, and irreversible response. This
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would indicate two azeparate mechanisms involved in dringing
abouﬁ the ovbserved responses. Both agents appzar to produce
Selye's "first reaction" as described by Bacq and Alexander (u).
Electrical stimulation of the hypothalamus brought about a
more pronounced initial reaction while X-irradiation promoted
higher sustained values.,

In regard to the effects of whole-body X-irradiation on
corticosterone levels, the data were in gobd agreement with
those of Lott and Gaugl {(19), Hameed and Haley (16), Haley
(15), Bechaute et al. (#), Trench {9), and Binhammer and
Crocker (5). The sharpest difference in the data occurred
in those animals-that receilved both 996r and electrical stimu-
lation, Thess animals exhiblted the inltial increase in cortlicoid
levels, as was obssrved in the other test grcups. However, this
response was relatively short-lived and returned to pre-testing
levels by the twelfth houn unlike the other groups. Since X-
irradiation alone showed a delayed return to control levels
while the stimulated grouvs returned to control levels at the
twenty-fourth hour, one was tempted to conclude that X-irradliation
in gsome manner dscreagsed the recovery time in the stimulated
animals.

The inverse relationship betiween the corticosterone levels
and circulating eosinephils in both the stimulated and the X~
irradiated animals ‘was in falr agreement with ifthat of French
(QX who noted the plasma l7-hydroxycorticosteroid concentration

to reach maximal proportions at four to eight hours following
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800r radiation and to return Lo normal twelve hours post-
irradiation., He alsc noted that the initial rise was similar
in nature to the response elicited with maximal doses of ACTH,
Moreover, he found that the sosinophil response was, in general,
the reciprocal of the steroid changes.; id est, following irra-
diation the eosinophil count decreasgd as the steroid concentration
increased

A plausible explanation for ths inverse relationship
between ACTH or corticoid titer and eosinophil levels may be
found in an excellent monograph on the sosinophil lesucocyte
by Arckter (3). He claimed that in.stressed animals, the

high corticoid levels tend to decrease the number of circulating

eosinophils due to the antagonism bstween corticoids and
histamine. According to Archer, there exists a chemotactlc
attraction of histamine for eosinophils; for example, a consider-
able local accumulation of eosinophils follows injection of
histamine into tissue, often as soon ;s one-half hour. Intra-
venous injection of histamine, however, is often followed
within five minutes by a reduction in the numbers of eosino-
phils in the circulating blood. The eosinophils tend to .
chemically inactivate histamine in some manner. Corticolds

and ACTH on the other hang produce a reduction in blood
histamine which in turn brings about a reduction of eosinophils
from the circulating »nlood. Additionally, Harris, Jacoobsohn,
and Kahlson (17) have shown that the median eminence contains
unusually high quantities of histamine. It may be

conceivable that electrical stimulation could alter the
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integrity of this tissue to allow release of sudden large
guantities of histamine which would further reduce the number
of ecsinophils, or allow for the prolonged release of histaminea
It has been well established that free histamine in tissues
may account at least in part for gsome of the elinical symptoms
of stress resulting from permeability changes. The foregoing
proposals appear to explain the changes that were seen in
coyrticold and eosinophil levels during the first six hours
post-stress periode They do not explain, however, why recovery
in the eoslnophil count did not occur when the corticoid
concentration returned to resting levelse Perhaps other factors
controlling histamine release and/or metabolism were still
operatives Indeed, one must remember that following lethal
doses of jonlzing radiation, such mammals as rats begin to
show general radiation symptoms falirly early, 1id est, within
twenty=-four hours; therefore, the criteria used for the earlier
ascute phases In radiation injury may not be applicable in
- accounting for the more delayed and general symptomology of the
radiation syndromes It was tempting to propose that the
earlier adrenal responses observed in the stimulated and/or
irradiasted animals involved specific radio-sensitive targets
while the laitter responses were due to a more generalized and
indirect effects: for example, the action of humoral agentsae

In those cases in which the corticoid levels returned 1n
a relatively short time to resting levels, Knigge's explanation

(18) may be valids He claimed that the hypothalamus, in

-
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mediating afferent impulses, "paces" thne pitultary in onder
that quantities of ACTH that might be deletsrious to the
adrenal glands are not secreted too quickly. Such an inhi-
bitory respcnse observed In this study followling initial high
concentrations of cofticostcrone may have been a beneficial
one to protect the adrenals. Along this same line, one must
rnot overlook the possibility of a depletion of available
corticoid_precursors. Morsover, one must consider the presence
of various reported factors as corticotropin~-releasing agents,
histamine~binding factors, and corticoid-releasing factors
discussed by Venning in her recent review on the adrenal
cortex (29). _

Finally, Lott and Gaugl (19) found that exposure to a
sub=lethal dose (230r) oi whole-body irradiation produced an
initial rise of plasma coriticostercone titer at three hours
that approached control levels at twelve hours and dropped
below the controls at twenty-four hours. A lethal dose (780r)
of total-body irradiation eliclted a similar response; hnowever,
the Quration of the inltial effect was sustained out to twalve
hours pogt-irradiation., Head-shlelding studles, using 230r,
produced a decrease in corticosterons levels six nours fol-
lowing exposure, while at 780r a slight increase occurred at
thrse hours. The authors concluded that this delay seemed to
indicate a need for experiments extending the present study

to include head and body-shielding in the format,
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In general, the data presented here indicate that X~
irradiation acts as a. non-specific stregsor agent, due to
the fact that the initial (three bto zix hours post-test)
adrenal responsesg Iin all three experimental conditions was
relatively similar in magnitude and duration. ©On the other
hand, the fact that no recovery in the eosinophils' count was
observed in any of the X-~irradiated group, coupled with the
gpeed at which the regponses were aoted (within threae hoursL
indicates & mors direct, speciflec action., The cata also enforce
the electroencephalographic findings of Monnier and Krupp (22)
that indicate a possible radliation target o be in the hypo~
thalamus. Such a target may act as a "trigger" for the releass

of ACTH by the adenohypophysis.
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CHAPTER V
‘Summary

The present study concerned the effects of X-irradiation
upon the adrenal response to hypothalamic stimulation in ratse
Adrenal cortlcal responsiveness was studied by monitoring the
plaama corticosterone levela fiuarimétricaily; the elreulating
eosinophil level determined by the direct chamber counting
method; and changes in adrenal weighte The stress agents
utilized were 996r whole~body X-irradiation and posterior
hypothalamic stimulationea The test animals were subjected to
electrical stimulation, X~irradiation, and the combination of
the twoa To judge similarity of response dque to an ACTH
mechanism, other animals were subjected to ACTH alone, electri-
cal atimulation combined with ACTH, and irradlation combined
with ACTHe Blood samples were taken immediately before stimu-
lation or X~irradiation, and at intervals of three, six, twelve,
and twenty-four hours post-testinge

The.mostlsignificant findings were (1) Plasma corticosterone
levels increased significantly with the first three hours
following all of the experimental conditlionse Irradiation
combined with stimulation brought about a maximal corticos-
terone response (increass} in six hours, and returned to
control levels at the twelfth hours Electrical stimulation

alone brought about the greatest increase in corticold

53
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concenbtration six hours post-stimulation but returned to
control level at the twenty-tourth hour. The animals that
recelved irradiation alone never regained the corticoid con-
trol level. (2) ZXosinopenias resulted from application of
all of the above stressors. Irradiation produced more
irreversible changes in the eosinophil response than did
electrical stimulation. No significant additive effect of
combined stimulation and X-irradiation was observed, {3) Ani-
mals receiving ACTH in combination with X~irradiation exhibited
a distinct blphasic corticosterone response; howsver, no such
regponse was observed in the eosinophil count. Insteﬁd, a
slightly more severe and irreversible eosinopenia was noted

in thlis group of animals. The ecosinopenis observed.in the
ACTH injected-slectrically stimulated group showed reversi-
bility at the twenty~fourth hour. (4) The data indicate that
changes in adrenal weights are inadequate indicés to denote
activity of the adrenal-pituitary axis. (5) Thére was a
distinet inverse relationship between the corticostérone
regpense and the eosinophil regponse within th§ first six
hours in all the aexperiments. At the twselfth and twenty-
fourth hour post-testing, howsver, the ilnverse relationship
was not apparent indicating a secondary effect on the adrenal
responsss. 1Ihe foregolng inverse relationship may be explalned
on the basis of free histamine release or histamine binding
machanisms, (6) The fact that X-irradiation alons and elec=-
trical stimulation alone brought about simlilar corticoid and

eosinbphil regponse In the first six hours indicated that a
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common "target" or mechanism was affected; however, the

later responses indicate that seccondary and different mecha-
nisms may be involved. The first response ressmbled the

"alarm reaction"” of Selye's GAS concept. Moreover, due to

the speed of the two regponses and assuming both to be the

rezult of adrenal-pituitarx axis activity, one might conclude
that at least one target O;Iradio-sensitive area to be located

in the hypothalamic area, 'Such an area would then be in position
to "trigger" the release of ACTH and thus to initiate the

general stress responge,
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