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CHAPTER I 

INTRODUCTION 

Most of the information concerning the role of the adrenal gland in 

response to stressors has come from research which involved mammals as 

the experimental animals. In contrast, there are very few data availabJe 

on the response of the avian adrenal to stressors. 

In mammals and birds, the adrenal is composed of two, distinct 

types of tissues: cortical (interrenal) tissue and medullary (chromaf~_ 

fin) tissue. These two tissues vary in both their embryological origins 

and the ~hemical nature of their hormones as well as many other factors. 

In the past there had been a general tendency for endocrinologists 

to restrict their study of the adrenal to the cortical tissue, whereas 

pharmacologists and neurophysiologists concentrated their efforts toward 

study of the adrenal to the medullary tissue, It has been only recently 

that some investigators have suggested that because of the close anatom­

ical relationship of tqe mammalian adrenal cortex and medulla, there may 

exist a functional interaction of these.two tissues. In contrast to the 

situation il;'l mammals, the cortical and medullary tissues of the avian 

adrenal are intermingled with one another; thus, there is an even closer 

anatomical relationship and presumably a greater possibility of a func­

tional interrelationship of these two tissues in the pird. 

The objectives of this study were l) to evaluate the activity of the 

avian adrenal in response to stressors and 2) to obtain evidence that 
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there is a functional interrelationship of the cortical and medullary 

tissues of the avian adrenal. 

The nonspeci£~c stressor which was used throughout this study was a 

three~hour period of immobilization. To assess comprehensively the 

adrenal's activity under stress, the major hormones (corticosterone, 

epinephrine, and norepinephtine) of both the cortical and medullary 

cells w~re quantitatively measured in plasma and adrenal tissue. Phe--

nyJ,ethano:J.amine-N-metpyl tran~ferase (PNMT) which catalyzes the conver~ 

sion of· norepinephfine to epinephrine was also assayed in the avian 

adrenal. 



CHAPTER ~I 

REVIEW OF LITERATURE 

Introduction 

In 1936, Selye demonstrated that the rat responds in a stereo­

typical manner to a wide variety o{ factors such as exercise, heat, 

cold, trauma, and into~icat~ons with ~ublethal doses of drugs such as 

adrenalin, atropine, and morphine. ~a~h of these stimuli cause specific 

effects upon the organism characteristic of that particular stimulus. 

The above-mentioned agents also have a common, feature in that they all 

cause the organism to be in a state of general "stress'', Selye (1951) 

stated that the stereotypical response to. these damaging agents, which 

is super .. imposed upon all the specific; responses,· represents the man­

ifestations of nonspecific stress, 

Selye (1936) reported that the outstanding manifestations of the 

stress J;"esponse in i;ah were: 'adrenocortical enlargement with increased 

01,imber of cellu.lar 1ipc,id gr1mu.tes, thymicolymphatic involut'ion, and 

gastrointestinal ulcers. Selye noted that whereas many 0£ the organs of 

the body showed invol~tional or degenerative changes, the adrenal cortex 

appeared to {lourish on ~tressors. 

There has been a considerable amo~nt of research performed on the 

role of the mammalian acl.renU gland in the stress response, but very 

little informatiqn is available on the avian adrenal's response to 

stressors, The purpo$e of this li.terature review is to discuss some of 
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the important aspects of avian adrenal physiology and adjustments which 

the avian adrenal makes in response to stressors. The review has been 

generally limited to studies in the avian class with only brief compar.:... 

isons with results found in non-avian animals. 

Anatomy and Histology of the Avian Adrenal 

Avian adrenals are paired, oval-shaped organs which lie anterior 

and medial to the cephalic lobe of the kidneys and are located immedi-

ately anteriC>r to the bifurcati,on af the posterior vena cava. 

As in mammals, there are two major types of tissue found in the 

a~ian adrenal each with a different embryological origin. The inter-

renal (cortic;al) cells arise fl.'om the periotoneal. epithelium which is 

mesodermal in ori,in, and the chromaffin (medullary) cells arise from 

the sympathetic nerve trunks which are ectodermal in origin (Hay, 1914). 

In contrast to the situation in mam111als in which the adrenal is 

divided into a well-de.finep medulla an.d cortex, the medullary and corti-

cal ce11s of the avian adrenal are intermingled with one another (Hart-.. 
111an and Brownell, 1949). The adrenals of birds consist of clusters of 

chromaffin cells situated between cords of cortical tissue. The chrom-

affiri ·· islets (clusters) are irregulaX' in shape and size and are some-

times represented by a single isolated cell inserted between interrenal 

cells (Cuello, 1970). There are many blood sinusoids which are in con-

tact with both the cortical and medullary tissues, 

In studies involving White Leghorn chickens, Oakberg (1951) re-

ported that the proportion of the total adrenal made up of interrenal 

tissue is slightly larger in females (52%) than it is in males (50%). 

There is also a wide variation in the relative proportions of these two 



tissues among the avian species, The ~nterrenal tissue of pigeons com­

prised 65% of the total adrenal (Miller and Riddle, 1939), whereas, the 

interrenal tis-sue of pelicans comprised 85-90% of the adrenal (Knouff 

and Hartman, 1951), 

Interrenal Tissue 
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Contrary to the situation in.mammals, the interrenal tissue of birds 

is not zonated into three distinct zones. An exception is in the brown 

pelican where there are three zones corresponding in position and general 

appearance to the zones found in the mammalian cortex (Knouff and Hart­

man, 1951). 

The mest ol;>vieus cytoplasmic .feature ef the avian and mammalian 

interrenal cell is the presence of lipid globules which stain for cho­

lesterol (Hartman and Brownell, 1949)., These lipid droplets are closely 

associated with the endoplasmic reticulum (Symington, 1962). It has 

also been noted that there is an inverse.relationship between the number 

of mitochondria and the size of the lipid vacuoles in the various cor­

tical cells (Ha:rtman ~nd Brownell, 1949; Symington, 1962). In mammals 

the zona reticularis is rich in mitocbondia_but has little lipid content; 

the reverse is true for the zona fasc(culata. With the application of a 

nonspecific stressor or ACTH, there is a very marked decrease in the 

lipid content of the adrenal. Symington (1962) stated that the zona 

reticularis is the area of steried synthesis for normal daily adjust­

ments, whereas the zena fasciculata serves as a storage place for the 

stereid precursors. Under the c0nditi0n of stress, the precursors are 

quickly utiiized in the synthesis of the glucocorticoids, 
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Chromaffin Tissue 

The adrenal medullary cells are modified postganglionic cells which 

remain in close contact with the preganglionic fibers of the sympathetic 

nervous system (Dawson, 1953), The sympathetic nerve fibers form plex­

uses whic.h entangle the chromaffin cells and terminate within the medul­

lary portion of the adrenal (Hartman and Brownell, 1949), Except for 

some vasomotor fibers to blood vessels in the adrenal cortex, the corti­

cal cells themse1Yes receive no neural innervation. 

Eranko (1957) is credited with first reporting the presence of two 

types of cells in avian chromaffin tissue: epinephrine- and norepine­

phrine-containing cells. By using density gradient centrifugation of 

medullary extracts, Shumann (1957) isolated a chromaffin granular frac­

tion which contained mainly epinephrine, whereas another fraction con­

tained mainlr norepinephrine. 

Additional evidence supporting the view that there are two cell 

types is based on the capacity of different stimuli to release epine­

phrine or norepinephrine selectively (Rubin and Miele, 1968). The 

stimulation of certain areas of the hypothalamus resulted in enhanced 

secretion of epinephrine, whereas stimulation of other areas in the hypo­

thalamus resulted in increased secretion of norepinephrine (Folkow and 

von Euler, 19~4). 

Using the formalin or iodate reaction to distinguish noradrenalin­

from adrenalin-storing cells, Eranko (1957) reported that one third of 

the total catecholamine content of the hen adrenal was noradrenaline 

(norepinephrine). In contrast to the situation in chickens, Cuello 

(1970) foung that most of the chromaffin cells in the pigeon adrenal 



7 

stained for noradrenalin. 

Criteria of Stress 

One of the major problems in stµdying stress in birds has been the 

lack of adequate criteria for evaluating the effects of stressors on 

birds. Many of the cr;iteria frequently used ~n mammalian research have 

proved unsatisfactory in birds. The following are a few of the criteria 

which have been examined in birds with varying amounts of success. 

Adrenal Wei~ht 

Adrenal hypertrophy in rats was one of the origirtal manifestations 

of stress which was noted by Selye in 1936. In contrast to the situation 

in rats, adrenal hypertrophy was reported. not to occur following the 

application of various noxious stressors in birds (Bates et al., 1940). 

Other authors have reported that there was an increased adrenal weight 

following chronic administration of corticotropin (ACT~) extract or 

epinephrine (Jailer and Boas, 1950), 

Ascorbic~ Depletion 

Slover (1956) reported a 16,5% decrease in adrenal ascorbic acid 

content twelve hours after ACTH administration in cbickens, whereas other 

invest;igators reported that ACTH or epinephrine did not lead to decreased 
1, . ! 

ascorbic acid in the adrenals of chickens or quail (Jailer and Boas, 1950; 

Zarrow and Baldini, 1952). 

Mo~e recent research has implicated the bursa of Fabricius in the 

adrenal ascorbic acid depletion (AAAD) response, Perek and Eilat (1960) 

demonstrated that AAA]) did occur with ACTH administration in bursectomiarl 
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chickens. They claimed that the presence of the bursa of Fabricius in­

hibits the AAAD ~esponse. In contrast, Freeman et al. (1966) found that 

the absence of the bursa did not result in AAAD when the chickens were 

stressed with ACTH. Freeman (1969) suggested that the loss of the bursa 

inhibits the AAAJJ response. 

Cholestero1 1Depl~tion 

Adrenal cholesterol depletion has been successfully used as an in­

dicator of stress or increased ACTH secretion in rats (Fortier, 1962). 

The functional significance of adrenal cholesterol depletion in rats is 

based upon the fact that cholesterol serves as a precursor of adrenal 

corticosteroids (Sandor, 1969). 

There has been less success in usirg adrenal cholesterol depletion 

as a criterion of stress or ACTH secretion in birds. Elton et al. (1959) 

found that nei.ther ACTH nor severe cold results in a decrease in the 

adrenal concentration of cholesterol in the chicken. It has also been 

found that hypophysectomy was ineffectiye in producing a change in the 

adrenal choleste~ol content of 3-5-montp old chickens (Newcomer, 1959a). 

Slover (1956) reported that the administration of ACTH to chicks re­

sulted in a 19% decrease in the adrenal level of cholesterol. 

Acidoph.Uia 

Acidophilia, which is an increase in blood heterophils and eosino­

phils, has proved to be very satisfactory as an indicator of stress or 

ACTH secretion in chickens (Newcomer, 1957, 1958). Newcomer (1958) re­

ported that a significant acidophilia followed administration of ACTH 

or a nonspecific stressor which was in the form of immobilization. Six 



hours of restraint resulted in an eight~fold increase in the number of 

acidophils. Other nonspecific stressors such as acute anoxia, starva­

tion, handling, c~ntrifugation, injections of epinephrine or formalde­

hyde, and cold (40c) combined with wetness all led to acidophilia in 

chickens (Newcomer, 1958; Wolford and Ringer, 1962; Burton and Guion, 

1968). Injections of adrenal cortical extra_cts or glucocorticoids also 

resulted in acidophilia (Newcomer, 1958; Siegel, 1968). 

9 

Acidophi,lia has proved to be statistically useful in determining if 

an individual bird is in a state of stress. Thus, instead of having to 

utilize a large number of birds tq evaluate whether a particular environ­

mental situation is stres$ful, one bird can be used. 

Hypophysectomy ma~kedly inhibited, but did not block, acidophilia 

following immobilization; this suggested to Newcomer (1958) that a non­

pituitary factor was probably involved in the stressor-induced acido­

philia. No investigator has yet elucidated the physiological factors 

responsible for acidophilia in birds, but the glucoco!ticoids have been 

strongly implicated in the response mechanism (Wolford and Ringer, 1962; 

Burton and Guion, 1968). 

guantitative Measurement of Adrenal Hormones 

One of the best indi~ators of a gland's activity is the plasma 

concentration of hormones secreted by the gland. It has only been re­

cently that good quantitative analyses for the adrenal hormones have 

been developed. 

Cortical Hormones. The first useful chemical assay of the glu­

cocorticoid~ was developed by Porter and Silber (1950) and Nelson and 
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Samuels (1952). They based their assay on the ability of the 17 ,21-

dihydroxy-20-ketone grouping to react with phenylhydrazine in acid 

solution to form colored compounds. 

The method developed by Sweat (1954) was the first sensitive assay 

for cortisol and corticosterone quantificatton. This method depended 

upon the reaction of the steroids with sulfuric acid to form fluorescent 

compounds and was specific for the ll-hydroxy group found on these 

steroids. 

Brief or short-cut methods, which eliminate chromatographic sepa-

ration, have proved unsatisfactory in the bird due to the presence of 

many interfering chromagens in avian plasma .(Frankel, 1970). Specific 

fluorometric assays which involve thi~ layer chromatography are now 

available for the quantitative measurement of the glucocorticoids 
I 

(Frankel et al., 1967; Ganjam et al., 1970). 

Methods other than fluorometry such as protein binding (Murphy et 

al., 1963) and gas phase chromatography (Baily, 1968) have also been 

Jsed with varying amounts of success. 

Catecholamines. The ability to quantitatively measure catecholam-

Lnes is older than that for the corticoids, but there is much les s satis-

:action with the available methods. The vast number of publicat i ons 

ippearing each year on new methods for the estimation of the catecholam-

.nes indicates that a suitable method has not been found yet, pa r ticularly 

•hen it comes to measuring the small amounts of catecholamines in the 

lasma. 

Almost all of the new methods are merely modifications of proce-

ures reported by Natelson et al. (1949), Shaw (1938), von Euler and 
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Lishajko (1961), and Weil-Malherbe and Bone (1952). Most of these as­

says involve the selective absorption of the catecholamines onto alumi­

num· oxide followed by the oxidation of the eluate to a trihydroxyindole 

derivative or the condensation of the eluate with ethylenediamine. 

The ethylenediamine method was reported to be satisfactory for 

measuring relative levels rather than absolute levels of norepinephrine 

and epinephrine, but is limited to systems in which interfering sub­

stances are low or absent (Vikotora, 1968). 

One major problem with the trihydroxyindole method has been the in­

stability of the oxidation products particularly in alkaline solution; 

thus, reducing agents such as ascorbic acid have been added to protect 

the lutins. 

Haggendal (1962) replaced ascorbic acid with 2,3-dimercaptopropanol 

and obtained low stable blanks. Weil-Malherbe and Bigelow (1968) further 

modified Haggendal's method after recognizing that norepinephrine and 

epinephrine could be differentiated by conducting the oxidations at two 

different pHs. 

Cortical Hormones 

Levels of Corticosterone 

Although small amounts of other adrenal steroids such as aldosteron~ 

hydrocorticosterone, hydrocortisone, and cortisol have been reported in 

some avian species, the principle hormone of the avian interrenal gland 

is corticoster.one (Frankel, 1970). It is probably for this reason that 

corticosterone is the only steroid which has been satisfactorily measured 

and identified in avian plasma. 
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Phillips and Chester Jones (1957) were the first to report the pres­

ence of corticosterone in an avian species. Using a catheter to remove 

adrenal venous blood of a capon, they reported that the concentrations 

of tpree corticosteroids (in~g/100 ml adrenal venous blood) were as 

follows: corticosterone, 312; cortisol, 3; and cortisone, 2. This high 

concentl;'ation of corticosterone and the existence of 17-hydroxycorticoids 

in the adrenal venous blood o.£ chickens have never been substantiated 

(Frankel, 1970). 

Nagra et al. (1960) made the first direct determination of corti­

costerone in avian adrenal ven0us blood. They found that there were 

approximately 40,t(g of corticosterone per 100 ml venous plasma in 

pheasants, turkeys, and three different breeds of chickens, They also 

reported that concentrations in the peripheral plasma were approximately 

10 Mg/100 ml plasma. They were unable to detect cortisol in either the 

peripheral or adrenal venous plasma in any of the tested species. In 

later studies,. , Nagra and co-workers (1963a, b) reported that concen­

trations of corticosterone were less than half of their earlier findings. 

The lowest concentration of corticosterone reported in the adrenal venous 

blood of cockerels was 7,3 Mg/100 ml plasma (Frankel et al., 1967c). 

Substantial differences in peripheral plasma corticosterone levels 

have been found in birds from simila.r orders; Macchi et al. (1967) 

found concentrations of 19.35 A.g/100 ml plasma for the domestic duck and 

5,20A,g/100 ml plasma for the herring gull. 

It should be pointed out that le~els of corticosterone reported for 

plasma may be quite different from the true values for whole blood. 

There has been some evidence that corticosteroids are associatfd with 

red blood cells. Frankel (1970) reported that the corticosterpne content 
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was 25% higher when whole blood was extracted versus extracting only 

plasma. In mammalian blood a significant amount of the corticosteroids 

exists in a conjugate~ form, but the levels of corticosteroid conjugates, 

in avian blood, tissue and urine are unknown at this time (Frankel, 

1970), 

Synthesis of Corticosterone 

The pathways ;for steroidogenesis in the avian adrenal have not been 

completely elucidated but some studies have been made in this area. The 

major pathway for the steroidogenesis of corticosterone in the avian 

adrenal gland apparently is very similar to tqat in the m~mmalian adre-

nal (Frankel, 1970). Sandor et al. (1965) showed a significant produc­

tion of cortical hormones from acetate-1-14c in both duck and goose 

adrenals; however, much difficulty has been encountered in establishing 

cholesterol as the obligatory precursor for corticosteroids (Frankel, 

1970). The major pathway for the synthesis of corticosterone from 

progesterone app~ars to be as follows: progesterone to 11-desoxycorti-

cqsterone (DOC) ta corticosterone (Sandor and Lanthier, 1963; Vinson and '. 
Whitehouse, 1969), Whitehouse and Vinson (1967) reported a significant 

production of progesterone from labeled prenenolone with duck adrenal 

slices. Sandor (1969) has postulated an alternative pathway of corti-

costerone synthesis via 11-hydroxyprogesterone, but he had only limited 

success in showing this as a possibility. 

Elevation ~f Corticosterone -
Circadi~n and Circennian Rhythms. There does appear to be a diur-

nal rhythm in adrenal :function in birds as is already well established 
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in mammals. In birds, it has been shown that plasma corticosterone 

level$ increased in ~he early morning hours (five to nine.a.m.) (Franke~ 

1970). There have also J:?een some rep10rts of a circennian rhythm of 

corticosterone secretion in birds (Resko et al., 1964). It was found 

that plasma corticosterone levels of ahn.ckens were at their maximum in 

October, November and December, whereas they were minimal in March 

(Frankel, 1970). In contrast, Macchi et al, (1967) found that the plasma 

corticosterone concentration of duc~s.was the highest in the spring, 

Effe.cts !;.!, Corticotropin (ACTH) !:; Stress ors. As is true in mam-

mals, elevated levels of ACTH r~sult in increased plasma concentration 

of cortico•terone in the bird (Frankel, 1970). Early investigators 

found that large doses of ACTH led to a decreased corticosterone concen-

tration in the adrenal venous blood (Phillips and Chester Jones, 1957), 
' 

but these results have never been substantiated by other workers (Urist 

and Deutsch, 1960; Nagra et al., 1960, 1963a; Frankel et al., 1967c; 

Macchi et al., 1967). These latter iniestigators all agree that plasma 

corticosterone was significantly increased with the administration of 

ACTH. 

Using in vitro studies, · deRoos (1961) demonstrated that the 

,~tion of ACTII to the incubation medium markedly increased cortico-

ste~one produetion. Greenman et al. (1967) injected ACTH into chickens, 

waited 15 minutes, and then removed the adrenals for incubation studies. 

They found that there was 200% more corticosterone produced by the adre-

nal from ACTif..,treated birds as compared to those from the saline in-

jected birdsf 

Tnus far, no purified avian ACTH has been made available for ex-
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perimentation, so all of the above-mentioned studies have been done 

using rnamm_~lian corticotiopin. It has been .found that extract from 

chicken er duck adenohypophyseal tissue d;i.d result in a significant in-

cr~ase in corticosterone production (deRoos and deRoos, 1964; Macchi et 

al,, 1967), 

Cox-ticosterone concentration in ~drenal' venous blood of chickens . . 

was found to be markedly increl:lsed with surgically infl~cted "stress" 

(Nagra et_ al., 1963a; Frankel et al., l967c). In contrast, Macchi et 

al. (1967) reported that the same treatment in gulls did not lead to in-

creased concentration of corticosterone .. Water deprivation or extreme 

cold resulted in increased l~vel~ of corticosterone in peripheral blood 

of turkey1:1 (Browo, J,:961); in the adrenal ven.au1:1 blood of cockerels, but 

not pheasants (Nagra et al., 1963a). Nagra et al. (1963a) also repoited 

that the serial withdrawal of 'blood per se fram chickens led to a 

marked increase in their plasma corticosterone. 

In measuring the general class of A,4-3-keto-corticosteroids, 

Newcomer (1959) found that the administration of ACTH or the induction 

of l!ltress by immobilization resulted in a significant decrease of these 

steroids in both the plasma and adrenals. He suggested that the failure 

to detect the expectant increase in plasma cox-ticoids might have been 

due to the insensi ti vi ty of the method e·mployed. 

Hypophyseal Regul1;1tion !:.!, Cortical_ Secretion. In mammals, the 

elevated ;:ldrenal corticoid leve'ls wb;i.ch cc.cur following the application 

of nonspecific stressors is generally'be!ieved to be mediated via th~ 

central nervous system and its control of corticotrophin release. The 

zole played by the pituitary~adrenil axis in response to stressors has 
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been reviewed on several occasions (Selye, 1951; Mangili et al., 1962; 

and Fortier, 1962). There are also good reviews ~vailable on the reg­

ulation of the adenohypophysis and the role stressors might play in this 

regulation (Mangili et al., 1966; Mccann, 1968). 

In birds, the regulation of adrenal function by the hypophysis is 

not. a.s well understood as the situation in mamm.als. Frankel (1970) has 

written a comprehensive review on the hormonal control of the avian in­

terrenal gland. 

One fact which has been substantiated many times is that the avian 

adrenal ;i.s still functional in the hypophysectomized bird (Frankel, 1970). 

Hypophysectomy did result in decreased plasma corticosterone concentra­

tions in the coikerel, pigeon, quail, and duck, but in all cases, there 

were still significant levels of corticosterone in the plasma when com­

paring the results to that of hypophysectomized rats, The plasma level 

of corticosterone in the cockerel fell to one third of that for the in­

tact bird 36 hours after surgery and remained at this concentration up 

to 42 days later (Frankel et al., 1967b). 

Frankel (1970) suggested that the adrenals of hypophysectomized 

birds do not exhibit autonomy, but instead are regulated by substance(s) 

which can be inhibited as with negative feedback inhibition and stim­

ulated by stressors. Jn order to explain the continued functioning of 

the adrenal in the hypophysectomized bird, one theory which has been 

postulated, but never substantiated, has been an extra-hypophyseal source 

of the ACTH such as the pineal gland (Van Tienhoven, .1969), 
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Medullary Hormones 

Levels of Epinephd.ne ~ Norepinephrine 

As in the mammal, the principle hormones of the adrenal medulla 

(chromaffin tissue) are epinephrine and norepinephrine. In mammals, 

almost all CJlf the circulating epinephrine_ comes from the adrenal medulla, 

.whereas norepinephrine comes from the adrenal medulla and sympathetic 

nerve endings (Wurtman, 1965). 

Based on histological observations of the avian adrenal tissue and 

on quantitative assays of epinephrine and norepinephrine in plasma and 

adrenal tissue, the reported ratios of these two catecholamines have a 

wide range of values. Most avian physiologists agree that unlike most 

mammals, the avian plasma and adrenals contain more epinephrine than 

norepinephrine (Eranko, 1957; Callingham, 1966; Lin and Sturkie, 1968; 

Sturkie et al., 1970; and Sturkie, 1970). On the contrary some in­

vestigators have reported that norepinephrine represents 50-86% of the 

total adrenal catecholamines in the avian adrenal (Shepherd and West, 

1951; Ghosh, 1962; and Callingham, 1965). Cuello (1970) found in a re­

cent histological study of the pen:gtJin adrenal that most of the chrom­

aff in cells stained for norepinephrine. 

It has been only recently that some quantitative studies of the 

catecholamines in blood and adrenal tissue. of birds have appeared in 

the literature. Sturkie et al. (1970) measured the levels of epineph­

rine and norepinephrine in the blood and heart of ducks, pigeons, 

turkeys, and chickens, Except for the duck, the ratio of epinephrine 

to norepinephrine in the plasma was copsideiably greater than one. 

Values for epinephrine and norepinephrine in the plasma of cockerels 
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were 8.68.,t.fg/liter *1d 0.843),(g/liter respect;i.vely. In another paper, 

Sturkie (1970) reported a much smaller value for the epinephrine to nor­

epinephrine ratio in plasma, The epinephrine concentration was 6.076 

,A.fg/liter and norepinephrine was 1.564.M.g/liter with a resulting ratio of 

approximately four, 

The ratio of epinephrine to norepinephrine in the avian adrenal was 

found to be approximately 2,5 for twelve-week··Old chickens kept at room 

temperature (Lin and Sturkie, 1968). Epinephrine and norepinephrine 

were reported to be 3734,Mg/g of adrenal tissue and 1525 )J..g/g of adrenal 

tissue respectively in the chicken adrenal. These investigators also 

found that the petcent of catecholamines made up by norepinephrine de­

creased somewhat with age. 

Epinephrine~ Norepinephrine Synthesis 

Norepinephr;i.ne. The steps involved in the synthesis of norepi­

nephrine and epinephrine have been eluciadated in the mammal (Wurtman, 

1965). The biosynthesis is initiated by the active uptake of circula­

ting !-tyrosine by chromaffin cells. The hydroxylation of tyrosine to 

1-dihydroxyphenylalanine (DOPA) is thought to be the rate-limiting step 

in the synthesis of dopamine and norepinephrine (Levitt et al., 1965; 

Weiner and Rabadjija, 1968), The next step involves the decarboxylation 

of DOPA to form dopamine and is catalyzed by DOPA decarboxylase, Tyro­

sine hydroxylase is confined to the mitochondrial fraction of the chrom­

a.ff in cell (Levitt, et al., 1965) • whereas DOPA decarboxylase is appar­

ently not bound to any subcellular particle (Lovenberg et al., 1962). 

The final step in the synthesis of norepinephrine is the ~-oxidation 

of dopamine which is catalyzed by dopamine-~ -oxidase (Fellman, 1959). 
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This final step Qccurs in the chromaffin granule. 

Epinephrine. The conversion of norepinephrine to epinephrine in­

volves the transfer of a methyl group to norepinephrine and is catalyzed 

by phenylethanolamine-N-methyl transferase (PNMT) (Kirshner and Goodall, 
,· 

19?7), !n mammals, PNMT is highly localized in the adrenal medulla, 

whereas the other enzymes involved in the synthesis of the catecholamines 

are faund to a significant extent in various tissues especially the sym-

pathetic nerve endings (Wurtman, 1965). The methylation of norepineph-

rine in the chromaffin cell occurs in the cytoplasm and not in the 

storage granules. 

There appears to be a ne~ative feedback inhibition in operation for 

the synthesis of both norepinephrine and epinephrine in mammals, Tyro-

s:i,ne hydroxylase activity has been shown to be inhibited by norepinephrine 

!!! ~ (Tlioenen et al., 1969) and i!l v.i tro. (Udenfriend et al., 1965); 

PNMT activity was inhibited by epinephrine in vitro (Connett and 

Kirshner, 1970). 

Eleva t.i,on of Plasma Bpinephr:i.ne !2!! 

Norepinephdne £l Stressors 

As in mammals, the plasma catecholamine levels of birds were signif-

icantly increased with nonspecific stressors (Connally, 1961; Lin and 

Sturkie, 1918; Sturkie, 1970; Sturkie et al.~ 1970). Sturkie et a1. 

(1970) stateli that the wide variation a£ catecholamine levels, which 

has been reported, was probably due to various conditions of handling, 

e:xcitement, and blood sampling, all of which caused a release of adrenal 

and neuJ;"onal catecholamines. The'y found that trained mate birds which 
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were adapted to their surroundings and handling had less catecholamines 

in their blood than those untrained birds .at the time of autopsy. 

Subjecting birds to cold temperature (0°C) resulted in a significant 

increase in plasma catecholamine levels,(Sturkie, 1970; Lin and Sturkie, 

1968). Tilere was also a significant increase in the adrenal levels of 

these catecholamines with exposure to cold for 20 weeks. 

By using immobilization to initiate stress in rats, Kvetnansky and 

co-workers have done considerable research concerning the secretion and 

synthesis of the catecholamines by the adrenal medulla (1970a, 1970b, 

1970c, 1971a, and 1971b). Kvetnansky et al. (1970b) found that the 

urinary excretion of both epinephrine and norepinephrine increased sig­

nificantly after one or more petiods of immobilization. The adrenal 

epinephrine concentration decrea~ed significantly with immobilization, 

but there was no change in the adrenal norepinephrine levels. 

In an unpublished work by Connally (19~1), adrenal and plasma 

catecholamine lev~ls were also measured in the chicken following various 

intervals of immobilization, Connally (1961) found that after ohly five 

minutes of restraint, there was a notable increase in plasma epinephrine, 

but not norepinephrine. 

Cortical~Medullary Interrelationship 

Introduction 

In mammals, the adrenal medulla and cortex have a close anatomical 

relationship with an intra-adrenal portal circulation being present 

between these two tissues, The mammalian adrenal gland is richly sup­

plied with blood by many arteries which enter the gland at different 
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points (Hartman and Brownell, 1949), these arteries form a plexus in 

the gland's capsule and give rise to~ sinusoidal network of cortical 

arteries which surround the cords of cortical cells. There is a double 

vascula:dzation to the mammalian adrenal medulla (Hartman and Brownell, 

1949), The adrenal medulla not only has its own direct arterial blood 

supply, it also receives blood that has drained the adrenal cortical 

cells. Thus, .the portal,. blood which comes directly to the medulla from 

the c:ortex contains high copcentrations of the cortical hormones. 

Shepherd and West (1951) found that in examining adrenals from 

various mammals, there was a direct correlation between the size of the 

adrenal cortex and the percent epinephrine present in the adrenal 

medulla. Couplind (1953) reported that.in species, in which the chro-

maff!h cells were not s~rrounded by cortical cells, the chromaffin cells 

contained only norepinephrine, From these observations, these investi-

gators suggested that the juxtaposed adrenal cortex in mammals was in-

fluencing the methylation of norepinephrine to form epinephrine. 

Lempinen (1964, 1968) found that if he administered glucocbrticoids 

to neonatal rats, he could prolong the existence of extra-medullary 

chromaffin tissue which normally atrophied soon after bir~h. 

Effect o:f G!L1cocorticoids on PNMT Activity 
~~ 

The ;f.i,:rst work published on the adrenocortical control of PNMT 

activity in rats indicated that hypophysectomy resulted in a marked de-

crease .i,n adrenal weight and PNMT activity within several days (Wurtman 

and Axelrod, 1965). The level of epinephrine and the percent of total 

catecholamines represented by epinephrine also decreased after hypophy-

sectomy (Hok£eft, 1951; Wurtman and Axelrod, 1965; Wurtman et al., 1968). 



The PNMT activity 11nd epinephrine levels could be restored by supple­

menting ACTH or glucocort;i..coids (Wurtman., 1966; Pohorecky and Wurtman, 

l971). 
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Whereas small doses of ACTH were effective in elevating PNMT 

activity back to normal, it was necessary to administer large am0unts of 

the glucocorticoids to restore the enzyme activity (Wurtman, 1966). When 

considering the adrenal anatomy and the high concentrations of cortical 

hormones normally available to the adrenal medulla, the required doses 

of corticoids were reasonable. 

Fuller and Hunt (1967) .found the resting PNMT activity in the rat 

to be maximal and that further stimulation of adrenocortical secretion 

did not res.ult in an increase in act.i,vity. On.ly after periods of re­

duced cortical activity, as seen after hypopl1ysectomy, could they show 

an increase activity of PNMT with glucocorticoids or ACTH administration. 

Long-t~im elevation of circulating ACTH was shown to increase PNMT 

activity in the adrenals of intact rats. Animals bearing transplantable 

ACTH-secreting tumors (Ve1;nikos-DanelU,s et al., 1968) or possessing 

unilateral ad:renalectomy (Giaranello et aL ,, 1969) exhibited much higher 

PNMT activity than did the normal controls •. Furtherm0re, rats subjected 

to chronic stress by repe'ated immobilizations had an elevation of PNMT 

activity in the adrenal gland (Kvetnans.ky et al., 1970c; 1971b). 

Reis et al, (1971) found that intermittent electrical stimulation 

of certain hypothalamic areas which produced fighting behavior in cats, 

resulted ,i.n an increased adreµal PNMT ·.activity. No change· in enzyme 

activity occurred when the 'hypothalamic stimulation failed to elicit the 

fighting behaviofj thu;,, the eleva.tion in PNMT activity appeared. to be 

specifi6 for certain areas of the hypothalamus in cats. 
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It has only been recently that the presence of PNMT activity in the 

bird adrenal has been reported (Wasserman apd Bernard, 1971). Using 

chick embryos, Wasserman and Bernard (1971) found that there was a good 

positive correlation between the appearance of a well-developed adrenal 

cortex and increased levels of epinephrine and PNMT activ;i.ty. Wasserman 

and Bernard (1971) demonstrated ~he elevation of PNMT activity in the 

chick adrenal by giving large doses of exogenous corticosterone. 

Hormone s,eecifici ty 

Hypophysectomized rats were tr•ated with partially purified prep-

arations of the six adenohypopbyseal hormones to test the specificity of 

PNMT elevation by ACTH (Wurtman, 1966). The administration of ACTH re-

sulted in a 160% increase.in PNMT activ;i.ty, whereas doses of follicle-

stimulating hormone, luteinizing hormone, prolactin, thyroid-stimulating 

hormone and growth hormone had no effect on PNMT activity. 

To examine the ab:i.lity of various steroids to elevate PNMT activity, 

large doses of compounds representing tne four classes of steroidal 

hormones (estrogens, androgens, mineral corticoids, and glucocorticoids) 

were administered to hypophysectomized rats (Wurtman, 1966). Dex'ametha-

S<;lne and aldosterone re.$ulted in increa.$es ... of PNMT activity by 195% and 

50% respeetively, whereas estradiol and testosterone had no detectable 

effect, 

The mast potent natural stereid to cause PNMT elevation was hydro-

cortisene which ;is hydroxylated at thf • 11- ,. 17- and 21-posi ti ens 
' . 

(Poherecky and Wurtman, 1968). The increase in activity accompanying 

the hydroxylation of various progeste:i;-one derivatives at the 11-, 17-

or 21-positions was found to be the same for all three positions. 
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Insulin has been reported to cause increa,sed activity of PNMT in 

rat adrenals (I<ital;>c;:hi et al., 1967). It was suggested that insulin's 

effect was not directly upon the enzyme, but was a result of the decrease 

of end-product inhibition with the release of epinephrine (Pohorecky and 

Wurtman, 197lJ. 

Pqssible Mechanisms for PNMT Elevation 
~~ 

Coupland and MacPougall (1966) reported that addition of hydro-

cortisone, but no desoxycorticosterone, to tissue cultures of extra-

adrenal chromaffin cells resulted in the appearance of epinephrine. 

These cells normally contain only norepinephrine. 

Wurtman and Axelrod (1966) added hydrocortisone and dexamethasone 

to adrenal homogenates from intact and hypophysectomized rats and found 

that there was no effect on PNMT activity. They concluded that the 

mechanism of PNMT elevation with glucocorticoids was not by enzyme acti-

vat ion, 

In the same study puromycin and actinom.ycin D were administered to 

groups of hypophysectomized rats to tes.t the possibility that the in-

creased activity of PNMT with glucocort.icoids was by enzymatic induction 

(enzyme synthesis). It was found that neither puromycin nor actinomycin 

D changed the basal activity of'PNMT,.but 'both drugs blo'cked the eleva-

tion of activity normally seen with dexamethasone-treatment. From these 

data, Wurtman (1966) suggested that glucocorticoids elevate PNMT activity 

by increasing the rate of synthesis of this enzyme. 



CHAPTER III 

MATERIALS AND METHODS 

Materials 

The dichloromethane, benzene, toluene, and methanol which were used 

were of "nanograde" quality (Mallincki;-odt Ch_emical Works). The dichlor-

,omethane was distilled in an all~glass system for further purification. 

The organic solvents, iso-octane and cbloroform were "spectrograde" in 

quality (Mallinckrodt Chemical Works). Ethanol was 100% analytical 

grade (U.S. Industrial Chemical Co.) and.was further purified by distil-
.' ' 

lation over glass. Water was twice distilled using an all-glass system, 

ether-washed, and redistilled. Concentrated hydrochloric, sulfuric and 

acetic acids were analytical grade (Baker Chemical Co.). 

Glassware 

Glassware was rinsed with tap water after use, soaked in detergent 

(~parkleen, Fisher Chemical Co,), rinsed, and placed in chromic acid over-

night. The glassware was then rinsed~seven .or eight times with tap water, 

resoaked in detergent, rihsed again with ta~ water, and'placed in dilute 

hydrochloric acid overnight ... After being rinsed seven or eight times 

each with tap water, distilled water_, and glass distilled water, the 

gla~sware was finally rinsed two or three times with nanograde methanol 
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and air dried. The microcuvettes used in the fluorometric determination 

were soaked in concentrated nitric acid overnight, rinsed with tap water, 

distilled water, and methanal, and then air dried. 

Aluminum ~ide ---· 
The aluminum oxide for catechblamine absorption was prepared in the 

hood according to the procedure of Anton, .. and Sayre (1962). One hundred 

grams of aluminum oxide (Al203, Fisher Scientific, 80-200 mesh) were 

stirred continously with 500 ml 0£ 2N HCl in a covered beaker at 90-100°C 

for 45 minutes. The aluminum oxide was then allowed to settle for 1.5 

minutes, and the supernatant along with the finer particules of A12o3 

was discarded. The precipitate was washed two times with 250 ml of 2N 

:, HCl at 70°C for 10 minutes, discarding the ~upernatant and finer parti-

cles each time. The A12o3 was given a.final acid wash with 500 ml 2N 

HCl at S09C for: 10 m.i,.nutei;, The precipitate was then repeatedly washed 

(approximately 20 times) with 200 ml P,Ort.ions of distilled water until a 

pH 3.4 was obtained, Lastly, the aluminum oxide was heated at 12ooc for 

one hour, 2G06c for two hours, and stored in a dessicator. The purpose 

of the acid wash was to prevent any autoxidation of the catecholamines 

during their chromatographic separation. 

Preearation 2£_.Thin Layer Chrematography Plates 

Silica gel (Silicar TLC..,7GF, Mallinckrodt Chemical Works) was pre-

pared by washing three times with dilute. ac.etic acid over a sintei;:ed 

glass filter, rinsing three times in boiling triple distilled water, and 

finally washing,.: two times with boiling methanol. The s;i.lica gel was 

then dried 24 hours at 110°c and kept in a dessicator until use. A 
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slurry qontaining 24 g silica gel and 65 -1 water was spread 0.25 mm 

thick onto thin layer chromatography pl,ates. The plates were dried and 

. activated by placing them in an oven at 110°c for 24 hours. 

Standard Solutions 

Corticpsterone (11 ~ ,21-dihydroxypxegn-4-ene-3i,20-dionef, obtained 

from Merck Sharp and Dahme Research Lab, was recrystallized to its cons-

tant melting point (180-181°C), dissolved in ethanol at a concentration 
,'I 

of 1 mg/ml, and refrigerated at s0c until use. 

L-epinephrine and L-norepinephrine bitartrates (Sigma Chemical Co.) 

were dissolved in 0.1 N HCl at a concentration of 100).(g/ml (c;orrected 

for bitartrate) and kept refrigerated. New stock solutions were made up 

every 30 days, and working standards which contained concentrations of 

1.,l(g/ml for each catecholamine were made just prior to use. 

Radioisotopes 

Corticosterone-1,2-3H, DL-epinephrine-7-3H, and DL-norepinephrine-

7-14c, obtained from New England Nuclqar Corp., were purified by thin 

layer chromatography. Their radiochemical purities were checked every 

60 days with a radiochromatogram scanaer (Packard, Model 7201), and their 

identities made by spotting authentic stand~rds in adjacent lanes of the 

thin layer plates. The radiochemical purities of the catecholamines and 

corticosterone labeled standards were estimated to be 96-98% by measuring 

the areas under the radiochromatogram tracing. Corticosterone-1,2-3H was 

stored in ethanol at s0 c. The catecholamines were dissolved in 0.1 N 

HCl and also kept refrigerated. 

.. : 1 
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S-adenosyl-L,.,methionine~methyl-14c obtained from New England Nuclear 

Corp. was checked prior to each use for .its radiochemical purity by paper 

chromatog~hy on Packard radiochromatogram scanner. The purity was found 
I 

to be consistently greater than 92% as estimated by measuring the area 

underneath the chromatogram trflcing, S-adenosy,1..-L-methionine was stored 

in H2so4 (pH 2-3) and kept frozen until use. 

Methods 

General Procedures 

The birdswed throughout the series of experiments were eight- to 

nine-week old, White Leghorn cockerels. The birds were raised in well-

ventilated metal cages, When necessaJ;"y, .they were moved from small pens 

to largel;' pens to accommodate their growing sizes. They were watered and 

fed a standard growing ration (see Appendix A) ad libitum. -
The night prior to the day of the experiment, the birds were placed 

in wooden floor pens in a darkened room in order to allow the birds to be 

undisturbed up.ti! immediately before u1:1e, The birds were randomly chosen 

from these pens and placed in the various groups. 

The thr~e-hour restraint procedure consisted of placing the birds on 

their backs and fastening their wings to boards with rubber bands, The 

legs of the birds were also tied together to prevent them from inflicting 

injury upon themselves or the birds fastened adjacent to them. 

At the end of this period of restraint, 30-35 ml of blood were col-

lected.from each bird by cardiac puncture, and placed in chilled, hepar-

inized centdfuge tubes.. The birds were sacrificed by decapitation, and 

approximately 0.2 ml of blood was collected from the neck wound of each 
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bird for the acid~phil count~ 

The body weights were recorded, and the adrenals immediately re-

moved and placed in ice-cold isotonic KCl. The adrenals and blood 

samples were kept at 5°c at all times. 

The non-restrained, control birds were treated in the same manner 
' 

with the exception of the i~qbilization. The entire process from the 

time of tpe cardiac puncture to the removal the adrenal glands required 

less than five minutes. 

The adrenal glands were carefully cleaned of adherent tissue and 

their individual weights were measured on a Roller-Smith torsion balance 

to the nearest milligram. One adrenal gland was randomly chosen from 

each chicken, wrapped in parafilm, and stored in the deep-freeze until 

corticosterone analysis was made. The other adrenal was placed in three 

ml of ice-cold isotonic KCl for assay of phenylethanolamine-N-methyl 

transferase (PNMT). 

The 30-35 ml blood samples were centrifuged at 1500 rpm for 15 min-

utes. The plasma was quickly drawn off .with a syringe and placed in 

clean chilled tubes. For each plasma sample, a 2-3 ml aliquot was saved 

for corticosterone analysis and the remainder kept for the, catecholamine 

determinations. These tubes were kept at -20°C until the analyses for 

the catecholamines and corticosterone were performed. These analyses 

were done within, three months from the time the plasma was collected. 

Acidophil Counts 

The blood collected after decapitation was shaken vigorously and an 

appropriate amount of blood' was quickly drawn into a red blood cell 

pipette. The blood was diluted 200 times with Wiseman's (1931) staining 
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solution. The pipette was allowed to stand for at least 24 hours and 

then S'haken on a mechanical shaker for one to two hours. After the 

pipette had been thoroughly shaken, a Lev~-Hausser hemocytometer was 

charged with a spot of the diluted blopd, The number of acidophils per 

0,09 mm3 was obtained by two different investigators and an average was 

made bf the two counts,· Neither investigator knew the source of the 

blood; their counts never varied from one another more than four acid~ 

ophils on any of the samples. 

PNMT Assay -
The assay for the enzyme, phenylethanolarnine-N-methyl transferase 

(PNMT), was that of Axelrod (1962) with' some modifications for the 

species involved. The assay was performed on the day of autopsy. 

One randomJ..y chosen adrena+ gland was homogenized in three ml of 

ice-cold isotonic KC! with a Potter-Elvehjem homogenizer. The whole 

homogenate was transferr¢d to a 4 ml Beckman cellulose nitrate tube, 

capped, and centrifuged for 30 minutes at 40,000 rpm on a Beckman Ultra-

centrifuge (Model L-2) at o0 c. 

A o,a ml aliquot of the resulting supernatant was removed for the 

enzyme assay, and the remainder of the whole adrenal homogenate was 

frozen and stored for the tissue catecholamine determinations. A 50)(1 

aliquot of the sup~rnatant was transferred to a 15 ml centrifuge tube 

which contained 10 A.l (0 .0001 M) of S-ade11osylmethionine-methy1-14c and 

0,5 ml (0,2 1\1) phosphate buffer (pH 7,4). Finally, 37.5p.l (1.,((.g/µ1) of 

the substrate, DL-normetanephrine (Sigma Chemical Co.) were added and 

the tubes were incubated for one hour at 42°C. Duplicate incubation 

tubes were made of each sample. A "blank" which contained all of the 
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1bove material with the exception of the substrate was included in each 

Lncubation, At the end of one hour, the incubation reaction was stopped 

,y adding 0,5 ml of 0,5 M borate buffer, pH 10. 

The reaction mixture was vortexed for one minute with six ml of 

:oulene:isoamyl alcohol mixture (3:2:v:v) .in order to extract the re­

iction product, metanephrine-14c. The extraction tubes were centrifuged 

.t 1500 rpm for 10 minutes to insure separation of the layers. Four ml 

,f the toulene:isqamyl alcohol layer were added to a scintillation vial 

ontaining one ml of ethanol. Bray's solution was used for the liquid 

cintillation counting as described under the section on scintillation 

ounting. The blank, in which no subst r ate had been added, showed very 

ittle extractable radioactivity. The blank value was never greater than 

ive percent of any of the values for the samples. The blank value was 

ubtracted from all sample values when calculating the enzyme activity. 

The extractable product showed a single radioactive peak with a 

f value equal to that of authentic metanephrine when chromatographed in 

solvent system of ~-butanol:acetic acid:water (4:1:l;v:v:v). 

The cpm obtained from the liquid scintillation counting were con-

erted to m,wnoles of product formed per hour per mg tissue using the fol-

JWing formula. 

metanephrine-14c (m,A(moles/hour/mg) 

C = cpm (corrected) 

E = counting efficiency of 14c 

= c x 1 x 1 x Y9 x v_s x 1 
E N SA AO AS w 

SA= specific activity of S-adenosylmethionine-methyl-

14c (mµcuries/~mole) 

N = number of dpm/ny.(curie (2.22xl03) 



VO= volume of organic extract (6 ml) 

AO= aliquot of organic extract taken for counting (4 ml) 

VS= volume of adrenal homogenate (3 ml) 

AS= a~iqµot of adrenal homogenate taken for incubation (0.05 ml) 

W = weight of adrenal (mg) 

Corticosterone Det~rmination 
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The method used in this study for the measurement of corticosterone 

in plasma and tissue was the fluorometric method of Ganjam et al. (1970) 

with some modifications, To check percent recovery through the method, 

a corticosterone~l,2-3H standard containing 1500 dpm was added to 80 ml 

extraction tubes and evaporated to dryness under nitrogen at 30°C. 

Plasma Corticosterone. Plasma samples were thawed and 2-3 ml of 

each. sample were added to extraction tubes containing the labeled corti­

costerone. The tubes were mildly· vottexed and allowed to set for 20 

minutes at 5°C in order to insure equilibration of the labeled and un­

labeled corticosterone. Each sample was washed with 2.5 volumes of iso­

octane (2,2,4-trimethyl pentane) and centrifuged 10 minutes at 1500 rpm. 

The iso-octane was removed with a Pasteur pipette. !so-octane washing 

removed lipids less polar than C-21 glucocorticoids. 

The plasma was extracted with 40 ml of ice-cold dichloromethane and 

was then discarded. Four ml of 0.1 N NaOH were used to wash the dichlo­

romethane extract. The alkali was shaken with the organic extract, 

quickly removed by aspiration, and discarded, The NaOH was not allowed 

to contact the dichloromethane extract more than 20-30 seconds. Im~ 

mediately following the NaOH wash, the organic extract was washed three 
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times with 10 ml portions of water; the water being aspirated and dis­

carded each tim~. The saponification step was used to remove estrogens 

as well as other phenolic and acidic steroids. 

The Fest,1lting dichloromei:hane extract was evaporated to dryness 

under a stream of nitrogen at 30°C. The tubes were then washed with 

three, two, and one ml of methanol:chioroform (1:l;v:v) to concentrate 

the residue to the tip of the tube. 

Samples were spotted on thin layer chromatography (TLC) plates which 

had been divided into nine lanes of 2 cm each. Six of the lanes were 

used for unknown samples, the two end lanes for known standards, and one 

lane for a silica gel blank. 

Samples were spotted with capillary tubes in each of the lanes using 

methanol:chlorofqrm (1:1) as the solvent. The TLC plates were developed 

in a system of cbloroform1methanol:water (90;10:0.S;v:v:v) and then 

placed briefly under an ultraviolet light. to locate areas corresponding 

to the chromat-ographed standard. Using this solvent system, cortico1-

sterone had a Rf value of Or60. 

The areas of each of the six unknown lanes corresponding to the 

standard corticosterone were removed by sc;tap:ing off the silica gel and 

placing them in 15 ml test tubes. The samples were extracted three times 

using a benzene-water partition system. The benzene extract was pooled, 

placed into tubes, and evaporated to dryness under nitrogen. 

One ml of methanol was added to the residue and 0.2 ml was taken 

for scintillation counting. The scintillation vials were evaported to 

dryness under nitrogen and 10 ml ef toulene scintillation fluid was 

added. The samples were counted according to the procedure aiscussed in 

the section on single. label scintillation counting. Tubes with the re-
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maining 0,8 ml were evaporated ·to dryness along with s~andard tubes con-

taining O, 0,01, 0.02, 0,04, 0.10, and 0.20µg/ml of corticosterone. 

One ml of H2S04iC2H50H (65i35;v:v) was added to the residue in each of 

the tubes. 

Fluorescence was measured on an Aminco Bowman Spectrophotoflurometer 

1,25 hours after the addition of the aicohol-acid mixture. The following 

settings were used to read the resulting fluorescence: 1) excitation 

wave length of 472 mµ. through a 3 mm slit; 2) emission wave length of 

524 mJ,l through a 3 mm slit; 3) meter multiplier O ~03; 4) sensitivity 

35-50; and 5) turret setting 2. 

The micrograms of corticosterone per milliliter of plasma were 

calculated using the following formula. 

Corticosterone (A,g/ml), ='£_ x ~ x ! x 2:.2.Q 
· Sd A V R 

wheie: 

C = concentration of standard (µ~/ml) 

Sd = readiqf of standard (fluoresaence units) 

s = readinf of sample (fluorescence units) 

A = aliquot of sample (ml) 

v = volume of plasma extiacted (ml) 

R =%recovery 

The percent recovery of corticosterone and the catecholamines were 

calculated with p-1e following formula. 
I 

% Recovery 
net sample cpm 100 

= net stapda·ra cpm x '07'2" 

where: 

0,2 = samplf aliquot taken for scintillation counting. 
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Adrenal Corticosterone. Each adrenal was homogenized in two ml of 

100% ethanol to pr~cipitate protein. The homogenate was then centrifuged 

at 1500 rpm for 10 minutes, and the resulting supernatant was added to an 

80 ml extraction tube which contained labeled corticosterone. Two ml of 

water were then added to each of the extraction tubes, The tubes were 

gently vortexed and allowed to stand for 20 minutes in order to pe~it 

equilibration of the labeled and unlabeled corticosterone. Two and a 

half volumes of iso-octane were added and the corticosterone was ex­

tracted and separated in the same fashion as described under plasma 

corticosterone. Aliquots for scintillation counting were taken and the 

fluorescence was measured using the same methods as for the plasma. 

The formula used to calculate the amount of corticosterone in 

adrenal tissue is: 

Corticosterone CJ.lg/mg)=~ x j x ~ x ~ 

where: 

c = concentration of standard CJ.lg/ml) 

Sd = reading of standard (fluorescence units) 

s = reading of sample (fluorescence units) 

A = sample aliquot (ml) 

w = weight of adrenal tissue (mg) 

R = % Recovery 

Epinephrine and Norepinephrine Determinations 

The method used for the determination of epinephrine and norepineph­

rine in plasma and adrenal tissue was that of Weil-Malherbe and Bigelow 

(1968) with some modifications. To moniter losses of the catecholamines 
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through the method, ~OA.l of a standard cont~ining DL-norepinephrine-7-

14c and DL~epinephrine-7-3H (2000 dpm each) were added to 80 ml ex-

traction tubes in which absorption of catecholamines would be made. 

Samples containing 10-15 ml of plasma were thawed, placed in the ex­

. traction tubes with the radioactive ·standards, and allowed to equilibrate 

for ao minutes, Aluminum oxide (0,3-0~4 g) was shaken with the plasma 

for tnree minutes for absorption of the catecholamines. The tubes were 

then centdfuged for 10 minutes at 1500 rpm, ·and the aqueous phase re-

moved by aspiration and discarded. The aluminum oxide was washed three 

times with 10 ml J?Ottions of ice-cold water, centrifuged, and the washes 

discarded each time. 

The catecholamines were eluted from the aluminum oxide by mixing 

two 2.5 ml portions of 0.1 N acetic acid with the aluminum oxide for 2 

minutes each. From the pooled eluate, one ml was taken for the epineph-

rine determination, two ml were taken for the norepinephr,ine determina­

tion, and one ml was taken for the calculation of percent recovery. The 

measurement of radioactivity for the calculation of percent recovery was 

doae according to the double labeling procedure outlined in the section 

on scintillation counting, l'he percent recoveries for epinephrine and 

notepinephrine never varied from one another more than 3% for the same 

sample, 

Plasma Epinephrine. Epinephrine standards containing O, 0.001, 

0.002, 0,004, 0,010, and 0.020µ.g were made up to a total volume of one 

ml with 0.1 N acetic acid. Tubes containing one ml of each of the 

sample eluates, along with the epinephrine standards, were mixed with 

0.3 ml of 0.1 M formic acid, 0.05 ml of 0,01 M cupric acetate, and 0,05 
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ml of 0,25% ferricyanide. After five minutes, 0.3 ml of 1 N NaOH-

mercaptoethanol reagent was added and then mixed. The NaOH-mercapto-

ethanol reagent was made by mixing equal volumes of 1% .f,-mercaptoethanol 

in 20% Na 2so3 (1:l;v:v) and 1 N NaOH (0.5 N for the norepinephrine de-

termination) immediately prior to use. The mercaptoethanol provided low 

and stabl~ blanks. Following a four minute wait, 0.3 ml of 1 N acetic 

acid was added to each tube and mixed thoroughly. The tubes were centri-

fuged for five minutes at 600 rpm and ~he supernatant transferred to 

fluorometric curvettes. 

Fluorescence was measured on an Aminco Bowman spectrophotofluoro-

meter using the following instrument settings: 1) excitation wavelength 

of 415 mµ. through a 3 mm slit; 2) emmission wavelength of 500 m).( through 

a 3 mm slit; 3) meter multiplier 0.001; 4) sensitivity 30-50; and 5) 

turret setting 2. 

The calculation for the determination of epinephrine in plasma was 

as follows. 

Epinephrine 9,(,g/m1) C S 1 100 
=-x-x-x Sd A V R 

where: 

C. = concentration of standard (,L(g/ml) 

Sd = reading of standard (fluorescence units) 

s = reading of sample (fluorescence units) 

A . - sample aliquot of eluate taken for reading (ml) 

v = volume of plasma extracted (ml) 

R ::, % Recovery 

A norepinephrine internal standard was included in all of the epi-

nephrine determinations. The internal standard was made by adding ,02 
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~g norepinephrine to one of the epinephrine standards before the fluo­

rescence reading was made, This precaution was done to check for any 

possible interference by norepinephrine at the pH and wavelength used 

for the epine~hrine determination, It was found that the norepinephrine 

internal standard consistently did not give off any additional fluores­

cence and thus no correction was made, 

Plpsma Norepinephrine. Tubes containing O, 0.002, 0.004, 0~01, and 

.• 0 .02 )(g · of st.andard norepinephrine were prepared and made up to 2 ml 

with 0:1· N acetic acid. The 2 ml eluates alang with the standards were 

individually adjusted to pH 5.9t 0.1 with 0.5 N and 0,1 N NaOH using a 

Coleman pH meter. The volume of each was made up to 3 ml and 0.1 ml of 

0.2,5% ferricyanide was added. After 5 minutes, 0.5 ml of 0,5 N NaOH­

mercaptoethanol reag.ent was added to each and. left for 4 minutes. After 

adding and mixing 0,3 ml of 1 ·N acetic acid, the tubes were centrifuged 

S minutes at 600 rpm. 

The supernatant was placed in a fluorometer cuvette and read on an 

Aminco Bowman spectrophotofluorometer using the following settings; 1) 

excitation wavelength of 395 m)A. through a 3 mm slit; 2) emmission wave­

length of 475 mµ. through a 3 mm slit; 3) meter multiplier O .001; 4) 

sensitivity 30-50; and 5) turret setting 2. 

It was fouqd that no correction had tobe made for any interference 

by epinephrine internal standard (0.02 µ.g) at the pH and wavelength used 

for norepinephrine. 

The formula used for norepinephrine determination in plasma was that 

used for the estimation of epinephrine, with the exception that the 

aliquot siz~ for norepinephrine was twice that used for epinephrine. 
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Adtena1 Bpinephtine ~ Nore~ineRhrine. Adrenal epinephrine and 

norepinephtine were measured using the same methods as those for plasma. 

The only dif,erence was in the preparation of the tissue up to the time 

of absorption on the aluminum oxide. 

Tne whole adrenal homogenate from the enzyme assay was treated with 

five ml of 0 1 4 N perchloric acid, centrifuged and the supernatant re-

moved, ~erchloric acid was used as the protein precipitant because it 

has been reported that perchloric acid resulted in a better percent re-

covery and smaller blank value than the more common precipitants such as 

trichloroacetic acid (Anton and Sayre, 1962). 

The supernatant was tx:ansferred to extra.ction tubes containing the 

radioactive labeled standards. The absorption of the tissue catecholam-

ines on Al203: followed by their elution and fluorometric determinations 

were performed in the same manner as the steps used for the plasma cat-

echolamines. The same fluorometric settings were used with the ex-

ception that the meter multiplier was set at 0,03 and 0,01 for epineph-

rine and norepinephrine respectively, The epinephrine and norepinephrine 

standards used for the tissue catecholamine determinations contained 

zero, one, two, four, and sixµg. 

The amount of epinephrine and norep.inephrine found in the adrenal 

tissue was determined using the following formula. 

where: 

Epinephrine ~/mg) 
or 

Norepinephrine (}<g/mg) 

C = concentration of standard (Ag/ml) 

Sd = reading of standard (fluore$cence units) 

S = reading of sample (fluorescence units) 
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A = sample al:i,quot of eluate· t~ken for reading (ml) 

VH = volume of adrenal homogenate (ml) 

AH = volume of adrenal homogenate taken for analysis (ml) 

w = weight of adrenal (mg) 

R =%Recovery 

Sc.i.ntillation Counting 

All samples were either counted on a two channel Packard Tri-Carb 

Scintillation Spectrometer (Series 314E) or a three channel Packard Tri­

Carb Liquid Scintillation Spectrometer (Model 3003) equipped wlth a 

137cs automatic external standard device. 

Scintillation Liquids. Braw's (1960) solution, which was used for 

determination of percent recovery of catecholamines, was made up of the 

following: 1) 60 g napthalene; 2) 4 g 2,5-diphenyloxalate (PPO); 

3) 0,2 g 1,4-bis~2-(5 phenyloxasolyl)~benzene (POPOP); 4) 100 ml methanol; 

5) 10 ml ethylene glycol; 6) enough p-dioxane to give a total of one 

liter. The scintillation mixture, used for the determination i the per­

cent recovery of corticosterone and.the~enzyme activity, was one liter of 

toulene contain.i.ng 0.0505 g POPOP and 5.05 g PPO. The scintillation 

mi~tures were stored in dark bottles in the cold and used wit ln 30 days 

of their preparation. 

Single Label Countin~. The dete:mination of percent recovery for 

corticosterone was done o\'1 the two channel Packard spectrometer which 

had efficiences of 79% and 31% for 14c and 3H respectively, R~tio of 

background cpm to sample cpm fell within the range of 0.008 to 11.03. 

Quenching was minimal and uniform among samples; thus, no corn' ":tion was 
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made f9r it in the calculations. Each sample was counted three periods 

of 10 minutes each. 

A Packard three-channel spectrometer which operated at 71% effi­

ciency for 14c was used to measure the activity of metanephrine- 14c 

which was formed in the enzyme ass~y. Each sample was counted ten 

periods of 10 minutes each. The level of quenching was low, but varied 

from sample to sample; therefore, a quench correction was made utilizing 

the automatic external standardization method with 137cs as a radiation 

source, 

Double Label Countin§:· Double:labeled samples in this study con­

tained DL-epinephrine-7-3H and DL-norephinephrine~7-14c dissolved in 

Bray's solution. A Packard three channel spectrometer which operated at 

efficiences of 26% for 3H and 60% for 14c with double label settings was 

used, Each sample was counted three periods of 20 minutes each. The 

level.of quenching was corrected by use of the automatic external 

standardization procedure, 

Statistical Analxsis ~ ~ 

Data were subjected to analysis of variance (Snedecor and Cochran, 

1967). When analysis of variance revealed a significant variation due 

to treatment, the differences were detected by Duncan's New Multiple 

~ange Test (Steel and Torrie, 1960), 



CHAPTER IV 

RESULTS 

Experiment I 

The objectives of the first experiment were l) to determine if im­

mobilization is effective in provoking .a variety of responses previously 

associated with stress and ACTH release and 2) to measure these responses 

quantitatively in.the chicken. 

The responses which were measured were 1) acidophili 9, 2) cortico­

sterone levels in plasma and adrenal tissue, 3) epinephrine and norepi­

nephrine concentrations in plasma and adrenal tissue, and 4) phenylethanL 

olamine-N-methyl transferase (PNMT) activity in adrenal tissue. 

There were three groups of birds included in Experiment I as 

follows: 

1. The normal, control group which was given neither ACTH nor im­

mobilized for three hours. 

2, The ACTH group whiGh was given one IU of ACTH per kg_of bc:idy 

weight (ACTHAR, Armour Pharmaceutical Co.) one hour prior to 

autopsy. 

3. ' The restraine<:l group wh:j.ch :was immobilized .for three hours 

prior to atitopsy. 

All -bir4s · were handled the sa111e n1,1mber of times, but: only the re­

strained..:group was immobilized for, the stated. period. All' the t;,irds 
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were injected the same number of times, but only the ACTH-treated animals 

were given ACTH, whereas the others were given the ACTH vehicle, water. 

Acidophilia 

Table I presents the mean values for the number of acidophils/0.09 

mm3 of blood for Experiment I. 

A pronounced acidophilia occurred in both the'restrained birds and 

the ACTH-treated birds as compared to the controls (P<Ol.Ol: in each 

comparison), The nonstressed control ~roup had an average acidophil 

count of only 13.9/0.09 mm3 of blqod, whereas the numbers of acidophils 

for the groups given either ACTH or restrained were 26.3 and 36.2 re­

spectively. The value obtained for the restrained group proved to be 

significantly larger (P<O,Ol) than that for the ACTH group. 

Corticosterone 

The results from the quantitative analyses of corticosterone in 

plasma and adrenal tissue are presented in Table II, Corticosterone was 

chosen for analysis because it is the predominate adrenal corticosteroid 

in birds (Franke1 1 1970). 

The purity and structure of the corticosterone i~olated from ap­

proximately 200 ml of avian plasma was established by comparing its mass 

spectrum with that of authentic corticosterone. Figure 1 shows the mass 

spectrum of authentic corticosterone and Figure 2 shows the mass spectrum 

of the compound isolated from chicken plasma. 

Plasma Corticosterone. Table II shows that the plasma cortico-

sterone levels significantly increased (P<0.01) after the administration 



Group 

I 

II 

III 

TABLE I . 

THE NUMBER1 OF ACIDOPHILS FOLLOWING ACTH 
TREATMENT OR IMMOBILIZATION 

Treatment Acidophil Count 

Control 13.9 

ACTH 26.3 
. ( .01)3* 

Restraint 36.2 
( .01)*'*" 

1Number of acidophils per 0.09 mm3 blood,· 

2standard error of the mean. 

3Number in parentheses indicates value of P. 

*Compared to control group (I). 

+compared to ACTH Proup (II), 

. '2 
+S. E. 

0.9 

2.1 

2.7 
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TABLE II 

ADRENAL AND PLASMA CONCENTRATIONS OF CORTICOSTERONE 
FOLLOlvING ACTH TREATMENT OR IMMOBILIZATION 

Group Treatment 

I Control 

II ACTH 

III Restnint 

Adrenal 
Corticosterone 

.4g/gm 

4,52 
+,60 -
4.78 
+,62 

1 Standard error of the mean. 

· 2Number in parentheses indiqtes P value. 

*Compared to control group (I). 

Plasma 
Corticosterone 

Ag/100 ml 

4.37 
+.58 
(.01)2* 

5,04 
+.60 
(.01)* 
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of ACTH or restraint as compa·red to those of the contI:'ol animals, The 

mean value of plasma corticosterone for the control group was 2.06A,g/100 

ml plasma, With the application of immobilization or ACTH, the plasma 

levels rose to 5.04 Mg/100 ml and 4,37 A.(g/100 ml respectively. 

Apparently the dosage of ACTH administered and the period of re-

straint used were equally effective in provoking the increase in plasma 

corticosterone concentration since there was no statistical difference 

(P>0,4) betweep these two exper,imental groups. 

Aqrenal C~rticosterone, Table II also presents the mean values for 

the adrenal levels of corticosterone in the three groups. 

There was no detectable difference (P>0,2) in the a<;lrenal concen-

trations of corticosterone between any of the three groups. The values 

for the control group, the ACTH group and the restrained group were 3.99, 

4.52, and 4,78 Mg/gram of ~drenal tii;sue respectively. 

Eeinephrine and Norepinephrine 
; . . 

Table III presents the levels of epinephrine and norepinephrine in 

both plasma and adrenals of the three groups in the first experiment. 

Plai:;ma Eei,neJ?hrine and Norepinel,?hrine. It can be seen that the 

levels of these two catecholamines increased significantly when given 

ACTH or immobilized for three hours. The control value for epinephrine 

in the plasma was 3,38 ~g/liter, whereas the mean epinephrine values for 

the ACTH group and the restrained group were 16. 91 and 17. 92 .J,lg/li te_r 

respectively, Similar results were obtained for the plasma concentration 

of norepinephrine, The plasma level of norepinephrine increased from a 

mean value of 1.23.,t(g/liter for the control group to values of 5.96 



TABLE III 

ADRENAL AND PLASMA CONCENTRATIONS OF EPINEPHRINE (E) AND NOREPINEPHRINE (NE) 
FOLLOWING ACTH TREA'DIBNT OR IMMOBILIZATION 

Group Adrenal Concentration _ :Plasma.Concentration 
and E NE E/NE E NE E/NE 

Treatment ,lig/100 . mg ...Ug/100 mg ..t<g/liter Ag/liter 

I 174.22 82.44 2.18 
Control +11.221 +7.28 +.10 

. 3.38 1.23 2.65 
+.68 +.25 +.27 

II 141. 74 60.90 2.38 16.91 5.96 2.62 
ACTH !4.80 2 +4.45 +-.12 

(.05) * (.05)* 
+2.03 •.40 •.10 
-(.01)* (.01)* 

III 134.36 65.01 2.15 17.92 6.21 2.94 
Restraint +8.07 +5.12 +.16 +1.15 +.49 +.13 

(.05)* (.05)* (.Ol)* (.01)* 

1standard error of the mean. 

2Number in parentheses indicates the P value. 

*Compared to control group (I). 

.i:,,. 

'° 
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Mg/liter and 6.21 Ag/liter for the ACTH group and the restrained group 

respectively. 

Table III also presents the ratios of these two catecholamines in 

plasma, Plasma norepinephrine was obviously in smaller concentrations 

than epinephrine in the chicken. The ratio of epinephrine to norepineph-

rine in the control group had a mean value of 2,65. The administration 

of ACTH or restraint did not statistically alter this ratio. (P>0,2). 

Adrenal Epineehdne and Noree~nephrine. Accompanying the increases 

in plasma levels of epinephrine and norepinephrine, there were decreases 

in the adrenal levels of these two catecholamines. The application of 

restraint oi; ACTH resulted in adrenal levels of 70-80% of the normal, 

control values for epinephrine anc;t norepinephrine. As was found for the 

plasma, the ratio of epinephrine to norepinephrine in the adrenal did 

not significantly cl'!ange (P>0.2) in the two experimental groups when com-

pared to the control ratio. The adrenal ratio of epinephrine to norepi-

nephrine was 2,18 in the control group. 

PNMT Act.i v:lty -
The effects oL'A.CTH adm:i.nistr<1tion or immobilization on the adrenal 

PNMT activity are presented in Table IV. The activity of this enzyme 

(Units) represents the number of lll,,l.(moles of 14c-metanephrine formed per 

hour of incubation per 100 mg of avian adrenal tissue. 

The control group had a mean value of 1.495 Units. With the ad-

ministration of ACTH, the activity significantly rose (P<0.01) to a 

value of 2.441 Units. Three hours of restraint was also effective in 

significantly increa~ing (P<0.01) the PNMT activity as compared to that 



Group 

I 

II 

III 

TABLE IV 

ADRENAL PNMT ACTIVITY FOLLOWING ACTH 
TREATMENT OR IMMOB;ILlZATION 

Treatment 

Cont:r;-ol 

ACTH 

Restraint 

PNMT l 
Units 

1.495 

2.175 
·c.01)* 

1units of activity represent m-qmoles of product 
fe,r-m"ed/hou,;/lOO~mg adrenal., 

2standard er:or of the mean. 

3Number in p~rentheses indicates P value. 

*Compared to control g,;oup (I). 

2 ±.S,E. 

+,186 

+.174 

+.137 
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of the controls. There was no detectable difference between the activ­

ities of PNMT in the ACTH group and the restrained group, 

Experiment II 

With the elevations of plasma corticosterone and catecholamines 

(epinephrine and norepinephrine), it was obvious from Experiment I that 

immobilization was effective in activating both the adrenal medullary 

and cortical cells of the avian adrenal. By using immobilization as a 

stressing agent, the objective of Experiment II was to see if a physio­

logical interrelationship of these two adrenal tissues could be shown 

under the condition of stress. It was desired to see what change or 

changes would occur in the stress response if the production of corti­

costerone was blocked. Metopirone (2-methyl-1,2 bis (3'-pyridyl)-1-

propanone), obtained from CIBA Pharmaceutical Co., was the agent used to 

inhibit the synthesis of corticosterone. 

There were four groups included in Experiment II as follows: 

1. Group I was the normal control group. 

2, Group II was the restrained group; animals in this group were 

immobilized three hours prior to autopsy. 

3, Group III was the Metopirone control group; animals in this 

group were injected IP with 20 mg Metopirone per kg body weight 

£our hours prior to autopsy. 

4. Group IV was the experimental Metopirone group; animals in this 

group were given 20 mg Metopirone per kg body weight one hour 

prior to the three-hour period of immobilization. 

The controls and restrained controls were injected with only the 

Metopirone vehicle which was propylene glycol. All animals were handled 
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in the same fashion. 

Acidophilia 

Table V presents the results from the acidophil count for Experiment 

II. The control value was 1~/0.09 mm3 blood and this was statistically 

equal (P~0.4) to that of the Metopirone control group which had a mean 

value of 17/0.09 mm3 blood. Obviously the drug alone has no direct ef­

fect upon the number of acidophils, 

As was found in Experiment I, three hours of immobilization re­

sulted in a marked increase in the number of acidophils per 0.09 mm3 

blood as compared to the mean number in the controls (P<0.01). The mean 

value obtained for the acidophil count in the restrained controls was 

34,2/0.09 m~3 blood. 

It can be seen from the results for Group IV (Metopirone plus re­

straint) that the administration of Metopirone did not block the acid­

ophilia occurring w.Hh immobilization, There .was no detectable dif­

ference (P>0.5) between the counts for the restrained control group and 

the restrained group given Metopirone. 

Plasma Corticosterone 

The results from the analyses of corticosterone in the plasma are 

shown in Table VI. Metopirohe was apparently quite effective in blocking 

the production of corticosterone as inc;licated by the low levels of this 

steroid in the drug.,.treated groups. There were some animals in the two 

Metopirone-treated groups which had undetectable amounts of corticoste­

r.one in the plasma (see Appendix B). The plasma corticosterone concentra­

tion.o.f the Metopirone control group was only 36% of that for the normal 



Group 

I 

II 

UI 

IV 

TABLE V 

TiiE NUMBER1 OF ACJ;DOPHILS FOLLCMING ME:TOPIRONE 
TREATMENT AND/OR IMMOBILIZATION 

, Treatment Acidophil Count 

Control 13.0 

Restraint 34.2 
(.01)3* 

Metopirone 17.0 

Metopirone 36,7 
+ Restraint ( ,01)* 

!Number of acidophils per 0.09 mm3 blood. 

2standard error of the me~n. 

3Number in parentheses indicates the value of P, 

+S,E.2 

_:1,2 

+2,4 

+3,1 -
!4,7 

*Compafed to normal control group (I) or Metopirone control 
g1:oup (In;). 
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TABLE VI 

PLASMA CONCENTRATIONS OF CORTICOSTERONE FOLLOWING 
METOPIRONE TREATMENT AND/OR IMMOBILIZATION 

Corticosterone 
Group Trea.tment t(g'/100 ml +S. E. 1 

I Control 2.40 +.32 

II Restraint 5.24 
(.01) 2* 

+.61 

III Metopirone 0.86 +,32 
(.Ol)*+ 

IV Metopirone 0.96 +.31 
+ Restraint (. 01)*+ 

l 
Standard error of the mean. 

2Number in parentheses indicates P valuei 

*Compared to normal control group (I). 

+compared to restrained control group (II). 

55 



56 

controls, 

Whereas immobilization resijlted in increased levels of plasma corti­

costerone, immobilhati<:,n following Metopirone-treatment did not. ln 

fact, the plaema concentration of corticosterone for the group given 

Metopirone and restrained was significantly smaller (P<0,01) than the 

mean value for the normal controls. In .1:1,ddition, there was no detectable 

difference (P>0.5) between the corticosterone mean value (0.86.,t<g/100 ml 

plasma) for the Metopirone control group and the corticosterone value, 

(0.96-A.\.,g/190 1111 plasma) for -the restrained group given Metopirone. 

It was noted in the chromatographic separation of corticosterone 

that a very dietinct spot, with a ~f 'value less than that for corti­

costerone, appeared on each of the lanes which had samples from the 

. Metopirone-tx-e1;1ted b;.rds, but not on any of the other lanes. On further 

investigation, it was found that the unknown spots had Rf values corres­

ponding to those of authenic 11-de~oxycorticosterone in several solvent 

systems. 

Table VII presents the data from the quantitative analyses of nor­

epinephdne and epinephrine in both the phsma and adrenal tissue for 

Experiment II. 

As was found in .Experiment l, immobilization resulted in elevated 

plasma levels of epinephrine and norepinephrine with an accompanying de­

crease in their adrenal levels, When compared to the normal controls, 

the plasma concentrations of epinephrine and norepinephrine for the re­

strained controls increased 300% and 283% respectively, while their 

adrenal levels decreased 49% and 43% respectively. Metopirone alone 



TABLE VII 

ADRENAL AND PLASMA CONCENTRATIONS OF EPINEPHRINE (E) AND NORBPINEPHRINE (NE) 
FOLLOWING METOP'IRONE TREATMENT AND/OR IMMOBILIZATION 

Group Adrenal Concentration. Plasma Concentration 
and E NE E/NE E NE 

Treatment Mg/100 mg __ ..Ug/19_0_ mg -"g/liter .t<g/liter 

I 215.64 . 93.42 2.34 . 3.65 1.20 
Control +23. 731 +11.40 +.11 +.82 +.25 

II 111. 21 53.00 2.13 14.59 4.60 
Restraint +17.28 +7.91 +.21 +1.66 +.54 

- (.05} 2* -L05l* - -(.01)* ·Loi)* 

III 180. 90 94.47 1. 99 3.73 1.33 
Metopirone +22.84 +15.46 +.12 +.70 +.29 

IV .67. 43 48.50 1.38 8.17 4.90 
Metopirone +11. 30 +3.74 +.17 +L32 +.40 
+ Re.s_t_r_a_i,n_t - L0.5)_*+ -(.01)* . (.05)*+ -(.Ol)*+ (.01)* 

1 
Standard error of the mean. 

2Number in parentheses indicates the P value. 

*Compared to normal control group (I) -or Metopirone control group (III)~ 

+compared to restrained control group (II). 

.E/NE 

3.06 
+.29 

3.24 
+.33 -
2.99 
+.24 

1.63 
+.16 
(.01)*+ 

Ul 

" 
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apparently did not affect the plasma or adrenal levels of these cat~ 

echolamines as evidenced by the statistical insignificance (P>0.2) of 

the differences between the values for the normal controls and the Meto­

pirone controls. 

In contrast, Metopirone administration in conjunction with restraint 

did have some noticeable effects on catecholamine levels in the plasma 

and the adrenal. In the group given Metopirone and restrained, there 

was an increase in both plasma epinephrine and norepinephrine following 

immobilization. Whereas the pla~.ma norepinephrine levels for the re­

strained contrqls and for the restrained given Metopirone were statisti­

cally equal (P..>,0.5), the plasma epinephrine concentrations of these two 

groups were significantly different (P<0.01). Plasma epinephrine in the 

restrained group given Metopirone had a mean value of 8.17µg/liter plas­

ma which has significantly higher (P<O~Ol) than the normal controls' 

value of 3.65.ag/liter, but which was also signficantly smaller than the 

restrained controls' value of 14.59).(g/liter~ The differential effect 

that Metopirone-treatment had upon the plasma concentrati~s of epineph­

rine and norepinephrine is further reflected in the plasma ratio of these 

two catecholamines. It can be found in Table VII that the ratios of 

plasma epinephrine:norepinephrine for Groups I, II, and III had a range 

of 2.99-3.24, whereas the plasma ratio declined to 1.63 for the re­

strained group given Metopirone. Thus, Metopirone administration re­

sulted in a higher proportion of norepinephrine being secreted into the 

plasma under the condition of stress. 

The adrenal levels of epinephrine and norepinephrine showed similar 

responses to Metopirone-treatment. The decrease in concentration of 

adrenal epinephrine occurxing ~ith immobilization was even greater in the 
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Metopirone-treated group. Whereas the adrenal level of epinephrine fell 

to 111.21).(g/100 mg adrenal tissue in the restrained controls, it di­

minished to 67 .43 .L(g/100 mg adrenal t,issue in the restrained group given 

Metopirone, The adrenal norepinephrine concentration of 53.0).{g/100 mg 

adrenal tissue for the restrained controls was not noticeably different 

.(P.:>0.5) than that of 48.5µg/100 mg fo:r: the immobilized group given 

Metopirone. Again, the dissimilarity of the two catecholamine's re­

sponses to restraint with Met~pirone pretreatment is reflected in their 

adrenal ratios. 'l'he ratios of adrenal e,pinephrine:norepinephrine for 

_ Groups I, lI, and Ill had a range of 1 1 .99-2. 34, but the ratio decreased 

to 1.38 in the immobilized al;'limals p,;et.l'eated with Metopirone. It ap­

pears that the group given Metopirone·has less depletion of norepineph-,­

rine than epinephrine with immobilization. It was also found that there 

was an observable difference between the ratios of the adrenal catechola­

mines £or the normal control group and .the Metopirone control group, but 

this dif.feJ;'ence did not provtl to be ·statisUcally significant at the 

0.05 l~vel. 

~ Activity 

Table VlII summari~es the data obtained in Experiment II for the 

assay o:( PNMT !!IC ti yi ty in th~ adrenals, . 

As was poted in Experiment r, three hours of immobilization resuited 

in a significant increase in PNMT activity as compared to that of the 

normal controls (P~,05). The restrained controls had a mean value of 

3.010 Units of PNMT activity versus 1.666 Units in the normal controls. 

In contrast, immobilization preceded by Metopirone-treatment did 

not l,ead to an increase in PNMT activity. The values for the PNMT 



Group 

I 

II 

IIl 

IV 

TABLE VIII 

ADRENAL PNM'! ACTIVITY FOLLOWING METOPIRONE 
TREATMENT AND/OR IMMOBILIZATION 

'PNMT 
Treatment Units 1 

Control 1,..666 

Restraint 3.010 
< .o;n 3~< 

Metopirone 1.734 

Metopirone 1.563 
+ Restraint c.01)+ 

1Unitf3 o:f activity represent m.4mole::; product 
formed/hour/100 mg a~rena1. 

2standard error of the mean, 

3Number in parentheses indicates P value. 

+S .E. 2 

+.186 

,:.382 

+.250 

+.237 

*Compared to normal control group (I) or Metopirone 
control group (III). 

+Compared to restrained control group (II). 
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activities in the norm~l control group, the Metopirone control group, 

and the restrained plus Metopirone group were statistically equal 

(P>O. 5) 

Experiment III 

61 

The purpose of Experiment III was to determine if the elevated PNMT 

activity occurring with immobilization was by enzyme activation or by 

enzyme induction (synthesis), Puromycin, an inhibitor of protein syn~ 

thesis, was employed in this experiment in conjunction with immobili­

zation. Puromycin (Nutritional Biochemical Corp.) was given to the 

cockerels IP at a dosage of 35 mg per kg of body weight. 

There were five groups included in Experiment III as follows: 

1. Group I was the normal control-group. 

2. Group II was the restrained control group; animals in this 

group were immobilized for three hours prior to autopsy. 

3. Group III was the puromycin control group; animals in this 

group were given puromycin six hours prior to autopsy. 

4. Group IV was the puromycin experimental group; animals in this 

group were given puromycin three hours prior to the three-hour 

restraint period, 

5, Group V was the corticosterone plus puromycin experimental 

group; animals in this group were given puromycin three hours 

prior to immobilization and 4 mg/kg body weight of corti­

costerone one-half hour prior to immobilization. 

All animals were handled in the same fashion. 
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Acidophil:i.a ,, 

Table IX summarizes the da~a obtained from the acidophil coµnts in 

Bxped.ment IU. ·.l\s in the two previous expedments, the acidophil count 

rose markedly (P<0,01)· w,ith immobilization. The normal controls had a 

3 mean value 0£ 14,4/0.09 mm blood, whereas a.fter three hours of restraint 

the cot.1nt incr-eased to 39. 9/0 .• 09 mm3 blood. 

Pretreatment with puromycin did not have any effect on the acido-

phil count in the pur11>mycin controls; the mean val1,1e of the pux-omycin 

controls was no different than that of the normal controls (P>O.l). 

Puromycin apparently did inhibit the_ ac:idophilia ass9ciated with 

imml:lbil.izatian, ;rt was £ound that the mean value of 15.5/0.09 mm3 blood 

for the group given puromycin prior to immobilization was not signif-

icantly different (P>0.2) from dtber that of the normal controls or 

that of the puromyc:;iq contX:ole. 

Group V, which was given puromycin and corticosterone prior to re-

straint,. also did not show any acidophilia with immobilization. The 

3 mean value for Group V was 14.0/0.09 mm .blood. 

Plasma Corticosterone 

The data o_btained .fJ;"om the measurement qf plasma cort:i,costerone in 

Experiment III are presented in Table X. 

Immobilb;a_tion alone led to a 169% increase in the concentration of 

plasma corticoijteirone as compared to that of the normal controls. On 

the contrary, the increased plasma cortico~terone accompanying restraint 

was abolished with the pretreatment 0£ puromycin. The mean value for 

the restrained group given puromycin was even smaller than the level 



TABLE IX 

THE NUMBER1 OF ACIDOPBILS FOLLOWING PURCMYCIN 
TREATMENT ANP/OR IMMOBILIZATION 

Group Treatment Acidophil Count 

I Control 14.4 

39.9 u Res~raint 
(.01) 3* 

III Puromycin 17.5 

IV Puromycin 1-5.5 
+ Restraint Lal)+ 

v Puromycin + 14.0 
Corticosterone < .al)• 
+ Restraint 

1Number of acidophils per 0.09 mm3 blood. 

2 
Standard error of the m~an. 

3Number in parentheses indicates P value. 

+S .E. 2 

+1.2 

+2.7 

+1.4 

+1.5 

+1.8 

*Compared te normal control group (I) or puromycin control 
group (IIJ;). 

+ . Compared to restrained control group (II), 
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TABLE X 

PLASMA CONCENTRATIONS OF CORTICOSTERONE FOLLOWING 
PUROMYCIN TREATMENT AND/OR IMMOBILIZATION 

Corticosterone 
Group Treatment A,g/100 ml 

I Control 2.45 

:u Restraint 6.59 
( .01)2* 

III Puromycin 2.11 

IV Purpmyc,in 1.96 
+ Restraint c.01)+ 

v Puromycin·+ 20.20 
Corticosterone (.01)*+ 
+ Restraint 

1standard error of the mean. 

2 
Number in parentheses indicates P value. 

*Compared to normal contro~ group (I) or puromycin 
control group (III). 

+Compa;i;ed to restrdned control group (II). 

1 ±,S.E. 

+. 39 

+,40 

+.21 

+.35 

·+1. 79 
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found in the normal control group, but this difference did not prove to 

be statistically significant (V>0.4). 

Group V which was given corticosterone prior to immobilization had 

a very large amount of corticosterone remaining in the peripheral blood 

at the time of autopsy. The mean value of plasma corticosterone for 

this group was 20, 20 pg/100 ml plasma. 

E[>inephdne ~ Norepinephrine 

Values obtained for epinephrine and norepinephrine levels in plasma 

and tissue are summarized in Table XI. 

Immobilization led to a marked increase (P<0.01) in the plasma 

levels of both epineph~ine and norepinephrine with an accompanying de-

crease (~0.01) in theil' adrena.'1- levels as compared to the normal con-

trols' levels, Puromycin did not significantly alter (P>O.l) the 

concentrations of either epinephrine or norepinephrine in the plasma or 

adrenals as compared to those levels in the normal control group. 

When immobilization was preceded by puromycin (Group IV), the 

epinephrine and norepinephrine levels in plasma also rose significantly 

(P<0,05) as compa,ed to those of the normal controls, but not to such an 

e~tent as was found in the restrained controls. The mean value of plasma 

epinephrine of 10.72)(g/liter for Group IV was significantly larger 

(P<0,05) than the values for the normal contrpls and the puromycin con-.. 

trols, but it was also significantly smaller (Pc:;0.05) than the value for 

the restrained controls. Similarily, the mean value obtained for the 

plasma concentration of norepinephrine in Gr?UP IV was both significantly 

smaller (P<0.05) than the re~trained controls' and larger (P<0,05) than 

the normal or puromycin controls. 



. TABLE XI 

ADRENAL AND PLASMA CONCE.NTRATIONS OF Ef INEPHRlNE (E) AND NOREPINEPHUNE (NE) 
FQLLOWINCi PURCMYCIN TRE41'MENT AND/OR IMMOBILIZATION 

Group Adrenal Concentration 
a·nd :: -~-

. NB 

Treatment .tiJ/100 mg .ug/100 mg 

I 220 .. 04 101.57 
Control +18.661 +10.09 

II 122.02 55 .. 96 
Restraint +9.92 +4.38 

-(.01)2* -(.Ol)t 

III ?.24.21 :102 .. 06 
Puremycin +20.14 +10.01 - -
IV ___ 96.61 ~.2.01 
Puromycin +11.27 +4.68 
+ Restraint .... (.01)* -(.01)* 

v 9.4.94 46.15 
Puramycin + +8.61 +6.10 
Cortico~i,:t~~-9.1:i.~. ~-(· .9,J.J*. ·.- ~{.~)].)* 

1+ standard error of the mean. 

2Nµmber in parentheses indicates the P value. 

Plasma:· Concenf ra f{on. 
E/NE E NE E/NE 

Ag/liter .J.c.g/liter 

2.19 3.56 1.32 2.75 
+~07 +.46 +.16 +.18 

2 .1.8 15.21 5.48 2.86 
+.03 +1.18 +.54 +.13 - -(.01)* (.01)* 

2 .• 21 1 .. 13 1_.65 2.55 
+.10 +.20 + .• 13 +.13 - - ""'."" 

Z.32 19 .• 72 4.06 2.68 
+.09 +.77 . +.36 +.17 - (.05)*+ (.05)*+ 

-
2.14 8.10 3.02. 2.79 
+,12 +l.31 +.78 +,22 - -J.O).)*+ (.01)*+ 

*Compared to the control group (I) or the 
puromycin control group (III). 

+compared to res.t.J:ained control.group (II). 
0-­
(J\ 
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Immobilization alone resulted in adrenal epinephrine and norepineph-

rine values of 122.02 Mg/100 mg and ~5.96 ~g/100 mg respectively. Im-

•obiliijtion pre~eded.by puromyci~-tr~atm~nt reStilted in adrenal 

epinephrine and norepinephrine concentrations of 96.61 .4g/lOO mg and 

42.01,.(.(g/100 mg respectively. The differences between the values for the 

restrained group given puromycin and the r.es trained controls did not 

prove to be significant at the 0.05 level. 

Large doses of corticdsterone (Group V) did not overcome the effects 

that puromycin had upon the plasma ~nd ~drenal levels of epinephrine and 

norepinephrine. The values of the plasma and adrenal catecholamines for 

Group IV were not detectably different (P>0,2) from those of Group V. 

~ Activity 

Table XII presents the resµlts of the PNMT assay in Experiment III • 

. 
It can be seen by comparing the PNMT activity of the normal control group 

with that of the puromycin control group that puromycin alone did not 

alter (P>-0.4~ the enzyme activity, 

As in the two previous experiments, there was a significant in-

crease in PNMT activity following three hours of restraint when compared 

to the normal controls (P<0.05). The m.ean values for the PNMT activities 

of the restrained controls and the normal controls were 3.019 Units and 

1,707 Units respectively. 

This ~ncrease in activity occurring with restraint was abolished 

when immobilization was preceded with puromycin administration. The re-

strained group given puromycin had a mean value of 1.861 Units for the 

enzyme activity which was not significantly different (P>0.5) from the 

values for the normal or puromycin control groups. 



TABLE XII 

ADRENAL PNMT ACTIVITY FOLLOWING PURQ.\1:YCIN 
TREA'IMENT AND/OR IMMOBILIZATION 

Group Treatment 
PNMT l 
Units :!::,S .E. 2 

I Control 1,707 

II Restraint 3.019 
<~05) 3* 

III l'uromycin, 1.986 

IV Pur·omycin 1.861 
+ Restraint (.01)+ 

v Puromycin ... 1 ~672 
Corti c; os t El r one c .ol)+ 
+ Restraint 

1units of activity represent m~moles product 
formed/hour/100 mg adrenal. 

2standard error of the mean. 

3Number in parentheses indicates the P value. 

*Compared to normal control group (I) or puromycin 
control group (III). 

•compared to restrained control group (II). 

+.201 

+.244 

+.288 

+.227 

+.169 
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Large levels 0£ c~rculatin~ corticosterone apparently were unable 

to overcome the effect 0£ puromyci.n on PNMT activi.ty. Group V which 

was given puromycin and corticoeterone prior to immobilization had a 

mean value of 1,672 Units for its PNMT activity which was statistically 

equal (P>0,5) to that of Group IV. 



CHAP'.t'BR V 

DISCUSSION . 

Introduction 

By using a we11~e$tablishe~ criterion of stress in birds (acido­

pnilia), it was found that three hours of i~mobilization was effective 

as a stressing aJent, Furthermqre, it was found from Experiment I that 

the cbanges occurdng with immob:iUzat.i,.on pauUeled those occurring 

with high levels of c:irculating ACrH. The major hormones of the avian 

adrenal cortical and medullary cells were quantitatively measured to 

assess comprehensively the response oi the avian adrenal to stressors. 

Evidence which has been collected from the mammalian class has sug­

gested that the adrenal cortex influences the synthesis of epinephrine 

in the adrenal medulla. The possibility of a functional interrelation­

ship of the cortical and medullary tissues of the avian adrenal has also 

been investigated in the present study. 

A.cidephil.ia · 

The present study found that a marked ~cidophilia occurred after 

immobilization or ACTH injections (Table I). These findings confirm the 

data reported by earlier :investigators ·that various nonspecific stressors 

result in acidoph:ilia in birds (Newcomer, 1957; 1958; Wolford and Ringer, 

1962; Burton and Smith, 1965; Burton et al., 1967; Besch et al., 1967). 



Newcomer (1957) reported mean values for the acidophil counts fol-

lowing immol:!ilization to t>e much hi~her than those obtained in the 

present study. From 16~day old birds he obtained a mean value of 129.23 

3 
acidophils/0.09 mm blood six hours after the initiation of restraint. 

The reasons for the difference in magnitude between Newcomer's results 

and those of the present stupy are unknown, ·but the following factors may 

account for some of the difference: 1) difference in the ages of the 

two groups of birds; 2) difference in the length of time after the 

treatment (immobilization) began; and 3) difference in the conditions of 

restraint, 

In the present investigation, the chickens were fastened to boards, 

as were those in Newcomer's study, but they also had their feet bound 

together so as to prevent injury to themselves or the bird adjacent to 

them. The feet binding may have piovided for less "stressful" condi-

tions. 

Siegel (1968) reported that with the administration of ACTH to four-

week old cockerels, the heterophil (acidophil) count increased through-

out the treatment period; thus, the longer the treatment period, the 

higher the acidophil count. 

Because of the acidophilia which resulted from injections of ACTH 

or glucocorticoids, the corticosteroids have been strongly implicated as 

the cause·.fur acidop):lil,ia in birds (Wolford and Ringer, 1962; Burton and 

Guion, 1968). A.s of yet, no investigator has actually elucidated the 

physiologic mechanism for c!,cidophilia in bi,;ds. From the data presented 

in Tables V and VI, it appears to this author that acidophilia is not a 

dire~t effect of increased plasma corticosterone. Metopirone was ef-

fective in lowering the plasma corticosterone in both the unrestrained 
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and restrained birds, but was unable to prevent acidophilia f r om occur­

ring with immobilization. 

Newcomer (1958) found that hypophysectomy in birds did not abolish 

the acidophilia accompanying immobilization, but hypophysectomy did re­

duce the magnitude of acidophilia. 

It has been found that the administration of an inhibitor of nor­

epinephrine synthesis (cx.-~-methyl-tyrosine) prior to immobilization 

prevented the acidophilia which normally occurred with immobi l ization 

(Unpublished findings; see Appendix C). The administration of o(-~­

methyl-tyrosine prior to immobilization also resulted in signi ficantly 

smaller (P<:.0.05) concentrations of plasma epinephrine and norepinephrine 

when compared to those of the restrained controls. From thes e data 

along with those collected from the Metopirone experiment, it is the 

opinion of this author that epinephrine and/or norepinephrine may be re­

sponsible for the avian acidophilic response. The mechanism by which 

these catecholamines influence acidophilia is not known at this time. 

From Experiment III, it was seen that puromycin was effective in 

blocking the acidophilia associated with restraint (Table IX). It is 

not known at this time whether the inhibition was a result of puromycin 

acting directly upon hemopoietic tissue or whether it was acting indi­

rectly via some unknown substance. It has been shown that another pro­

tein inhibitor, chloramphenicol, was effective in blocking proliferating 

cells such as is found in hemopoietic tissue. Two days of t herapy with 

chloroamphenicol led to a marked reduction in the number of circulating 

granulocytes (Bush and Lane, 1967). Page (1964) demonstrated that the 

administration of puromycin prior to the initiation of an inf lammation 

was effective in preventing the lymphocytic response to inflammation. 
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Corticosterone 

Adrenal Corticosterone 

From Experiment I (Table II) it was found that the control group had 

an adrenal concentration of corticosterone of 3.99).(g/g adrenal tissue, 

This value is within the range of 1-6 µg/g which was reported by 

Connally (1961) for the control value in chickens, The control birds 

described by Connally were of the same age and sext, and were handled in 

the same general manner as those in the present study, 

In the prese~t study, it was found that immobilization or ACTH­

tteatment did not resu;J,.t in a detectabl.e difference (P>0.2) in adrenal 

corticosterone concentrations. Apparently the adrenal level of corti­

costerone does not serve as a good c;ri terion of stress, It was for this 

reason that the analysis of adrenal corticosterone was abandoned in 

Experiments II and III. 

It can also be seen in the present study (Table II) that the abso­

lute level of corticosterone in the bird adrenal is small as compared to 

the circulating level of this steroid, It was found in this study that 

on the basis of 100 mg for the average weight of a pair of avian adren~, 

there is only 0,399).tg of corticosterone in the adrenal tissue of the 

normal control bird, 'In reference to human adrenal glands, Symington 

(1962) stated that in contrast to other endocrine glands, the adrenal 

cortex does not appear to store its hormones to any appreciable degree. 

Corticosterone is released into the plasma shortly after its synthesis 

in the adrenal cortex (Symington, 1962). 

Since immobilization in the ;resent study resulted in an increase 

in the concentration of plasma coiticosterone without alterlng the con-
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centration of adrenal corticosterone, it is obvious that immobilization 

did result in an increased synthesis of this steroid in the bird, 

Plasma Corticosterone 

The data collected in this study (Table II) confirm earlier findings 

that the administration of ACTH or the application of a nonspecific 

stressor results in elevated plasma corticosterone in birds {Urist and 

Deutsch, 1960; Nagra et al,, 1963a; Frankel et al., 1967c; Macchi et al., 

1967), 

In mammals, nonspecific stressors such as immobilization are thought 

to cause increa~ed plasma corticosterone by stimulating the release of 

ACTI-I from the hy.pophysis. In contrast, the hypophysis in birds is ap­

parently not an absolute requirement for functioning of the interrenal 

gland (Frankel, 1970), It has been shown that the hypophysectomized 

bird responds to stress with acidophilia and elevated levels of plasma 

corticosterone (Newcomer, 1958; Frankel, 1970). Therefore, it cannot· 

be determined at this time whether the increased levels of corticosterone 

seen with immobilization in the chicken is entirely a result of increased 

levels of circulating ACTH or whether other factors are involved, 

The data presented in Table VI substantiate findings in the litera­

ture that Metopirone is effective in suppressing the output of 11- ~­

hydroxycorticoids such as corticosterone (Liddle et al., 19S8; Nagra et 

al., 1963; 1965; Bhattacharyya et al,, 1967). Nagra and cohworkers 

(1963) noted a 48% decrease in plasma corticosterone one hour after 

Metopirone injection in the pheasant, In vitro studies have also shown 

that the production of 11-~-hydroxy steroids was significantly decreased 

when Metopirone was present in the incubation media (Liddle et at., 1958). 
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In mammals the anterior pituitary responds to the lowered levels 

of the ll.- ~ -hydroxy steroids by secreting more ACTH (Cushman et al., 

1963). In studies with man and dog, Cushman et al. (1963) noted that 

plasma ACTH increased significantly with Metopirone-treatment. It was 

these increased levels of circulating ACTH which probably accounted for 

the histological changes which were noted in the pigeon adrenal 

(Bhattacharyya et al., 1967). Bhattacharyya et al, (1967) found that 

Metopirone administration resulted in extra-vascularization and.multi­

pU.caUon of the adrenal cortical cellis of the pigeon. 

Metopirone appears to be specific for the blockage of the 11- ~ -

hydroxy-lation 1:1tep in steroidogenesis (Liddle. et al., 19.S7). In the 

present study Metop.:i,rone-treatrnent resulted in a noticeable increase of 

11-deso;x:ycorticosterone. Tbl.s ~tatemeqt is based on the observation 

that sp.ots with Rf values corresponding to authentic 11-desoxycorti­

costerone appeared on only those lanes of the thin layer chromatography 

plates which had sample~ from Metopirone~treated birds, No quantitative 

measurement of 11-desoxycorticosterone was made in any of the three ex­

periments in the present study. It would have been interesting to see 

if immobilization had resulted in an increase~ plasma concentration of 

11-desoxycorticosterone when the production of corticosterone was 

blocked by Metopirone. 

It was found in Experiment III (Table X) that pretreatment with 

puromycin blocked the elevation of plasma corticosterone normally seen 

with immot,il,ization. t>uromycin probably prevented the increase in 

plasma corticosterone by inhibiting some enzymatic step in the synthesis 

of this cort;i,costeroid. Kowal (1970) found that .puromycin was effective 

in blocking adrenal st~roidogenesis between cl;10lesterol and pregnenolone. 
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PNMT Aotivity 

Elevation by Immopilizatton -
Throughout this study, it was shown that a single three-hour period 

of immobilizc,1tion was effective in e.leva t;i,ng the PNMT c1ctivi ty of the 

chicken adrenal. The PNMT activities measµred in the restrained control 

groups of the varioµs experiments (Tables IV, VIII, apd XII) were sig-

nificantly greater (P<0,05) than those activities found in the normal 

controls, This study on the bird is the first demonstration that the 

acute application of a stressor (3 hours of immobilization) can result 

in a rapid increase in the activity of PNMT. 

In contrast, many investigators have conc+uded that an increase in 

PNMT activity cannot be demonstrated in rats except under conditions of 

reduced adtenal cox-tic;al activity such as.occurs with hypophysectomy 

(Fuller and Hunt, 1967; Leach and L;i;pscomb, 1969). 

Kvetnansky and Mikulaj (19701;,) demonstrated that repeated daily 

periods of immobilization of rats did result in a significant increase 

in PNMT activity. They were unable to detect, an increase in PNMT acti-

vity immediately following a single period of immobilization, but they 

did detect a small rise in activity a few hours after its termination. 

~elrod et al. (1970) have studied the effects of psychosocial in-

teraction on PNMT act.:l.vity over a long period of time. They found that 

the rats which had a high level of social interaction (caged with a 

large number of rats of both sexes) had a marked increase in PNMT 

activity as compared to the PNMT activities of the controls and of the 

socially deprived animals, 
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Toe increased PNMT activity in rats appears to be important in re­

sponse to long,term "stress" conditions (F1,.1ller and Hunt, 1967; 

Ciaranello et al., 1969; Kvetnansky et al., 1970c), whereas the present 

study indicates that increased PNMT activity in chickens may be important 

in the acute adrenal stiess response. The rapid increase in PNMT acti­

vity, occurring with the acute application of stressors in chickens, may 

provide a means of sustaining an. increased output of epinephrine in times 

of "st:r:ess". 

The present study also confi:r:ms recent findings that PNMT activity 

could be elevated in the intact bird (Wasserman and Betnard, 1971). 

Wasserman and Bernard found that injections of corticosterone or dexa­

methasone into intact birds resulted in a significant increase in PNMT 

activity in the chicken adrenals. Furthermore the present study indi­

cates that an increase in PNMT activity can be demonstrated in the in­

tact bird by elevating endogenos levels of plasma co:r:ticosterone by 

applying a stressor (immobiliiation). 

lnfluence .!?i'.. Corticosterone 

In contrast to most published studies on the influence of corti­

c:oids (corticosterone) on PNM'r activity, the present evaluation of this 

influence was not done by injecting exogenous steroids into the exper­

imental animal. Instead, the endogenous levels of circulating corti­

costerone were elevated by subjecting the animal to immobilization. By 

increasing the endogenous levels of corticosterone, this study demon­

strates that the increase in PNMT activity seen with increased plasma 

corticosterone is physiological and not pharmacological. 
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Another weakne$s of many of the previous studies i$ the lack of 

data on the plasma levels of the c;:orti~O$teroids. Thus, it cannot be 

substantiated whether the vai;-ious stressoi;-s or ACTH administration did 

in fact increase the levels of cii;-culating glucocorticoids. The present 

study does quantitatively measu~e plasma corticostei;-one in each bird in­

cluded in the study. 

It was found that ther~ Wa$ a direct correlation between the level 

of plasma cort~costerone and the activity of PNMT in the adrenal. Three 

hours of immobili~ation resulted in a significant increase (P<0.05) of 

both plasma corticosterone and PNMT activity. When corticosterone pro­

duction was blocked by Metopirone, immobiliza~ion did not lead to an in­

crease in PNMT activity (Tables VI and VIII'). 

In birds, it appears that the elevation of PNMT activity by corti­

costeroids depends upon the presence of an hydro~yl group in the 11-

position. It was stated in the section under corticosterone that 

Metopirone-treatment resulted in an elevation of plasma 11-desoxycor­

ticosterone. The structure of 11 .. desoxycorticosterone :is the same as 

corticosterone with' the exception of the hydroxyl group in the 11-posi­

tion. In the present study, the increased concentration of plasma 11-

desoxycorticosterone appeared to be ineffective in elevating the activity 

of PNMT. In contrast, Pohorecky and Wurtman (1968) reported that in the 

rat, the PNMT activity could be elevated equally by hydroxylating various 

progesterone derivatives at the 11-, 17-, oi;- 21-positions. 

Assuming that a negative feedback mechanism is present in birds, the 

data collected in Experiment II (Table VIII) indicate that the elevated 

PNMT activity seen with immobili:zat;ion is not a direct result of an in­

crea1:le in ACTB secretion. There is previous evidence that increased 
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plasma corticosterone has a negative ;feedback on ACTH secretion in birds 

(frankel, 1970). If there is a neg~tive feedback mechanism in opera­

tion, it seems probablf!" that the A,OTH levels ,in the Metopirone-treated 

birds would be increased, The fNMT a9tivities of the Metopirone contrbl 

group and the Metopirone plus restraint group were not detectably dif­

ferent (P>O.S) ;from that of the normal control group. 

On the contrary, the administration of dexamethasone, a synthetic 

glucocorticoid, shou\:1-d lead to decreased levels of circulating ACTH if a 

negative feedback mechanism is operable. It has been found that the ad­

ministration of dexametha~rnne to intact chtl.ckens resulted in a signif­

icant increase in PNMT activity (Unpublished findings - see Appendix C). 

The data from Experiment lI also ~ugg.est that there exists a basal 

level of enzyme activity which is unaffected by a decrease in circulating 

levels of corticosterone, Although the levels of plasma corticosterone 

were significantly diminished (J;><0,01) in the Metopirone-treated groups, 

the PNMT activities of these groups were statistically equal (P>0.5) to 

the enzyme activity of the normal control group. Wasserman and Bernard 

(1971) found that the daily adminJstration of Metopirone or aminoglute­

thimide (inhibitors of steroid synthesis) for 8-10 days had no effect 

upon the PNMT activity in chickens. 

Since the adrenal gland of birds is capable of functioning to 

some extent without the bypophysis, it would be of interest in future 

studies to see if hypophysectamy would result in PNMT activity and if 

supplementing hypophysectomized birds with ACTH would increase PNMT 

activity as it does in mammals (P9horecky and Wurtman, 1971). 



80 

Mechanism of PNMT Elevation 
~ ----- ~-------

It was found in Experiment III that the rise in PNMT activity occur-

ring with immobilization could be prevented by the pretreatment with 

puromycin (Table XII), There was no detectable difference (P~0.4) be-

tween the PNMT activities of the puromycin-treated groups and that of 

the normal control group. Obviously puromycin did not alter existing 

levels of PNMT activity, but it did block an increase in activity which 

normally occurred with restraint. Wurtman and Axelrod (1966) found that 

the administration of puromycin or actinomycin D had no effect upon the 

basal activity of PNMT in rats, but these drugs were effective in block-

ing the rise of PNMT activity seen with dexamethasone-treatment. 

Since puromycin had been shown to block steroidogenesis (Kowal, 

1970), one of the groups (Group V) in Experiment III was given large 

doses of exogenous corticosterone to insure high circulating levels of 

this steroid. At the time of autopsy, the concentration of plasma corti-

costerone in Group V was 20.20,ug/100 ml of plasma, but this high of a 

level of circulating corticosterone was ineffective in overcoming the in-

hibition of PNMT activity caused by puromycin-treatment. 

The datl collected in Experiment III suggest that the mechanism for 

PNMT elevation is not enzyme activation by corticosterone. Instead, the 

results indicate that the increased PNMT activity seen with immobiliza-

tion is a result of~~ enzyme synthesis (enzyme induction). 

The author fully realizes that this study does not unequivocally 

prove enzyme induction as the mechanism responsible for the elevation of 

PNMT activity. To prove enzyme induction, future investigators should 

try to show actual changes in the concentration of PNMT. 
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Epinephrine and Norepinephrine 

The data collected in the present study confirm earlier investi-

gations which showed that the plasma concentration of epinephrine is 

greater than norepinephrine in chickens (Lin and Sturkie, 1968; Sturkie, 

1970a; Sturkie et al,, 1970). The rqtio of epinephrine to norepineph-

rine in plasma of the present study had a ran~e of 2.65-3.06 for the 

normal control birds, 

As discussed earlier, the amount of published literature on the con-

centrations of catecholamines in birds is small and the data which are 

available are varied. In tbe 1:1ame year, Sturkie (Sturkie et al., 1970; 

Sturkie, 1970) had two publications on the plasma catecholamine levels 

in chickens. In eight~week old chic~ens, he found an epinephrine (E) to 

norepinephrine (NE) patio of approximately 4 1 whereas in 17-month old 

chickens, he found the E/NE to be app:r:-oximately 10. No experiments have 

been petformed· to see if the variations seen in Sturkie's two papers are 

due to age differences or some other factors. 

The ratio of E/NE concentration in the chicken adrenal obtained in 

the present study is comparable to that found by Lin and Sturkie (1968). 

In the present investigation, the ad(enal E/NE of the normal control 

groups had a range of 2.18-2.34 (Tables III, VII, and XI~ whereas Lin 

and Sturkie obtained a ratio of 2.46, 

It was found that three hours of immobilization did not signif-

icantly alter the E/NE ratios in either the adrenal or the plasma 

(Taples III, VII, and XI). The application of immobilization resulted 

in a marked increase (P~Q.05) in the concentrations of these two 

catecholamines in the plasma with accompanying decreases in their 



82 

adrenal levels. Since the ratios did remain the same, it appears that 

immobilization i~ equally effective in evoking the release of epinephrine 

and norepinephrine from avian adrenal chromaffin cells. 

When immobilization was preceded by Metopirone .. treatment, there was 

not an equal release of epinephrine and norepinephrine (Table VII), In 

the restrained group given Metopirone the plasma epinephrine concentra­

tion did significantly increase (P<O .Ol) as compared to that of the nor­

mal control but the level was not as great (P<0,01) as was found in the 

restrained controls, Immobilization following Metopirone-treatment also 

resulted in an even greater deplet;i.on (J;><Q .• 05) of epinephrine from the 

adrenal- than •as seen in the restrained control group, It is the opinion 

of this author that the differences in adrenal and plasma epinephrine 

concentrations of the restrained control group and the restrained group 

given Metopirone are due to a difference in the rate of synthesis of 

this catecholamine. This opinfon is based upon the obse;rvation that an 

increase in PNMT activity normally occurring with immobilization was 

blocked by Metopirone l:ldministration. The higher PNMT activity (Table 

VIII) of the restrained control group as compared to that of the re­

str~ined group given Metopirone indicates that the rate of epinephrine 

synthesis is probably greater than that in the restrained group given 

Metopirone. Thus the drug-treated group canno.t sustain the increased 

output of epinephrine in response to immobilization to as great an ex­

tent as the nondrug,:,treated group, 

In contrast to a difference in epinephrine concentrations, there 

was no difference (J;>>0,5) in the norepinephrine concentrations in the 

plas-a or adrenals between the restrained control group and the re­

strained group Jiven Metopirone (Table VII). 
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Tbe dif£erential effect of Metopirone on the concentrations of 

epinephrine and norepineph:rine in the plasm;:i and adre1,1al tissue is fur­

ther emphasi;z;ed in the ratios of tpese catecholamines. The ratios in­

dicate that there is a p,;-oportionally larger (P<0.05) amount of norepi­

nephrine in the restrained .group given Metopirone than is found in the 

other groups. 

The data show that in the absence of corticosterone, the levels of 

epinephrine are affected to a much greatar extent than norepinephrine. 

It appears from the results of the catecholamine determinations that a 

decrease in corticosterone results in a decrease in the production of 

epinephrine, On the contrary, diminished levels of corticosterone ap­

parently have very little, if any, effect on norepinephrine synthesis. 

In evaluating corticosterone influence on catecholamine synthesis, 

the present study is the first to demonstrate the differential effect 

that decreased lev~ls of c9rticosterone have on catecholamine levels in 

the plasma and adrenal of any species, The data collected in this study 

indicate that the site of this influence is the conversion of norepi­

nephrine to epinephri.ne which is catalyzed by PNMT. 

From the puromycin experiment (Table XI), it was found that im­

mobilization following puromycin-treatment led to increased plasma con­

centrations of both epinephrine and norepinephrine (P<0.01) as compared 

to those of the normal cohtrols and the puromycin controls. The plasma 

levels were also significantly smaller (P<0.05) than those for the re­

strained controls, furthermore, the adrenals of the puromycin-treated 

group appeared to be depleted of catecholamines to a greater extent with 

immobilization than those of the restrained controls, but this difference 

did not prove to be statistically significant (P>0.1). 
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These data suggest that puromycin did not inhibit the releasing 

mechanism of catecholamines from the adrenal, but that it did interfere 

with the synthesis of epinephrine and norepinephrine. The ratios· of E/NE 

in the plasma and adrenals were the same with or without drug-treatmerit; 

thus, puromycin was equally effective in blocking the production of 

epinephrine and norepinephrine. The ad~inistration of large doses of 

corticosterone did not overcome the effect of puromycin on the catecho­

lamine concentrations. 

At this time, it is not known .what. inf1uence the glucocotticoids. m;;ry., 

have upon other enzymes involved in catecholamine synthesis. Wurtman 

and Axelrod (1966) foµnd that glucocorticoids did not stimulate an in­

crease in acHvity of tyrosine hydro:x:ylase i.n rats. Mueller et al. 

(1970) reported that hypophysectomy or adrenal denervation resulted in 

decreased activity of tyrosine hydroxylase. The administration of ACTH, 

but not glucocorticoids~ prevented the decrease from occurring in hypo­

physectomized rats. Kvetn;:1nslcy et al, (1970) found that in hypophy­

sectomized rats, the adrenal tyrosine hydroxylase activity increased 

with stress, but the PNMT ac,;tivity did not, It has also been shown 

that adrenal denervation prevented the elevation of tyrosine hydroxy-

lase activity, but not PNMT activity, from occurring with immobilization 

(Kvetnansky et al,, 1970a). 

Based on the observations presented in the previous paragraph, this 

auth0r suggests that acetylcholine, which is released from the sympa­

thetic preganglionic nerve endings, migrt be the factor responsible for 

the elevation of tyrosine hydroxylase activity seen with stress. The 

observed e.:ffects of ACTH on tyrosine hydroxylase activity may be 

mediated through an increase in sympath_etic nerve activity. 



Less i,nformation is availabh conce:iming dopamine-~ -hydroxylase, 

but it has been shown that the ac1;ivity of this enzyme also decreases 

with hypophysectomy (Weinshilboum and Axelrod, 1970). Repeated in­

jections of ACTH, but not dexamethasone, elevated this activity after 

hypophysectom:y. 
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It is conceivable that the reg1,1lat,i.or1 of catecholamine synthesis 

might have several loci and that there may be several different factors 

responsible for thts ~egulation. 

From the data collected in the present study on the avian adrenal, 

it is concluded that corticosterone does cause an increase in PNMT 

activity in times of "stress". lt is suggested that the minute-to­

minute regulation of PNMT activity may be by some mechanism such as enti­

product inhibition, but that in times of emergency (or adaptation to 

stressors), the regulatory mechanism is by way of corticosterone 

(glucocorticoids)~ Elevat~d l~vels of corticosterone thus provide a 

means of replenishing the adrenal with epinephrine under the condition 

of stress, Furthermore, it appears that this regulation of PNMT acti­

vity by corticosterone is by en:yme induction. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The present study was composed J6f ::three ·experiments .in .which eight­

to nine-week old White Leghorn cockerels were utilized. The immobil­

ization procedure used throughout this study consisted of placing the 

chickens on their backs and tying them to boards for a period of three 

hours. 

At the epd of this period of restraint, 30-35 ml o~ blood were col­

lected by way of a c;:a;t;cliac punct1,,1re. The birds were killed and the 

adrenals removed, 

Subsequently, each Qlood sample was quantitatively analyzed for 

corticosterone, epinephrine, and norepinephrine. A blood acidophil 

count was also determined tor each bird. Epinephrine, norepinephrine, 

and corticost~rone were quantitatively measured in the adrenals of each 

bird: The adrenals were ~lso quantitatively assayed for phenylethanol­

amine-N-methyl transferase (PNMT) activity. 

It was .found in .Experiment .I that the administration of ACTH or im­

mobilization resulted in a significant increase in plasma norepinephrine 

and epinephrine concentrations with an accompanying decrease in their 

adrenal levels. ACTH~treatment or immobilization was also effective in 

significantly increasing plasma corticosterone concentration, adrenal 

PNMT activity, and blood acidophil count, On the contrary, neither ACTH 

no:i;- restraint resulted in a detectable change in the concentration of 
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adrenal corticosterone. 

With the administration of Metopirone, it ~as found in Experiment 

II that the plasma eorticosterone was significantly decreased in both 

the non,estrained group and the restrained group. Metopirone-treatment 

prior to immobilization was also effective in preventing the increase in 

PNMT activity and acidophilia wh:i,eh noX"mally occ;urll:'ed with immobiliza:;.. 

tion. ~mmobilization following pretreatment with Metopirone resulted 

in a plasma epinephrine concentration which was significantly greater 

than that for the normal control group, but was significantly smaller 

than that for the restrained control group. The adX"enals of the Meto­

pirone group appeared to be depleted of epinephrine to a greater extent 

than thoE1e of the l;Testrained controis a£ter immobilization. On the con­

tX"ary, the plasma and. adrenal conce~trations· .. of norepinephtine · for :.the 

restrained control group anc;l the :ciestrii:i,ned group given Metopirone were 

statistically equal. 

In .Expedment UI, it was £ound that puX"omycin given prior to im­

mobilization was effective in: blocking many of the responses associated 

with restraint. The addop):li~ count, PNMT activity, and plasma corth­

·~osteX"one of the restrained group given puromycin (Group IV) ~ere 

statistically equal to ti,e rupective values in the normd control group. 

The plasma epinephrinEt and nox-epinephrine concentrations were signif:­

i~antly elevated in Group IV, but the levels were also significantly 

smaller than. the concentrations ~n the r~stra.ined control group. Other 

than to elevate the levels of plasma corticosterone, large doses of 

cort:i.~osterone did not al tel;' the effects re1im1ting from puromycin­

treatment. 
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The objectives of thie study were 1) to inYestigate the stress re­

sponse of the avhp adrenal and 2) to i~vest.tgate the possi,bility of a 

functional internlationship of the cortical and medullary tissues of 

the avian adrenal. 

It is concluded that the avian adrenal responds to a nonspecific 

stressor (immobilization} or ACTH administration by secreting large 

amounts of it1:1 major hormones (corUcosterone, epinephrine, and norepi­

nephrine)into the circulation. l'he data .in this study also indicate that 

a single application of ACTR or ~mmobilization increases the activity of, 

at least one of the enzymes iovolved in the synthesis of epinephrine, 

namely PNMT. 

The incr~ased activity of PNMT which occurs with immobilization 

seems to be a resu1 t of increirl9ed plasma c;ort.icosterone levels. Whereas 

corticosterone does appea~ to have an influence on the synthesis of 

epinephrine, it apparently has little, if any, effect on the synthesis 

of norepinephrine. ~u,thermQre, the observed elevation of adrenal PNMT 

ac;tivity by corticosterone seems to be by enzyme induction (enzyme 

synthesis) and not by enzyme activation.. 
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APPENDIX A 



TABLE XIII 

CCMPOSITION OF RATION 

Ingredients 

Corn, ground yellow 

Milo, ground yellow 

Oats, ground 

Soybean meal (50%) 

qorn Gluten meal (60%) 

Fish meal. (60%) 

Alfalfa meal. (17%) 

Meat and bone scrap (50%) 

Yeast culture 

Distill.er~ solubles 

Whey, dried 

ell-Methionine 

Dicalcium phosphate 

VMC.,.60 

. Salt 

TOTAL 

Pounds 

235.7 

417.2 

65.2 

111.9 

20.0 

18.9 

22.0 

24.1 

14.2 

14.2 

14.2 

0.6 

34.3 

2.5 

5.0 

1000.0 

100 
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TABLE XIV 

IDcr>ERIMENT I - NORMM;.~ CONTROL BIRDS 
~ 

fl,pJ~jJ. __ A,ci<iopl:iil-. _ E . NE E/NE E NE E/NE Bk Bk · 
No. Count ..t£g7rno mg ..<.tg7100 mg Tissue .Ug7Hter .ug71iter Plasma ...t<g/gm ug/100 .m! 

1 ·15 165.48 85.43 l.94 4.97 L64 3.03 3.36 . 0.80 
2 12 161.20 91.77 L76 3.74 0.28 3 .-61 3.08 1.07 
3 rs 252.60 126.00 2.00 1. 9-6 OA9 3~97 1.93 L16 

4 15 1.69.24 81. 47 2~08 8.20 2.32 3.53 3.21 1.13 
5 16 192.96 82.45 2.34 1.74 -0 .81 2.15 3.91 1.16 
6 13 169.24 67 ~·7n 2~50 2.91 LOO 2.91 3.10 2.67 

7 8 142 • .68 57.05 2 • .50 2.58 1.55 1.66 5.43 4.96 
8 13 118. 68 .43. 96 2.70 2.83 1. 73 1.64 3.93 1. 3-9 
9 16 195.48 102.88 1.90 0.36 0.18 2.00 3.05 3.57 

.JO ..... 13 174.68 85.63 2.04 4.53 2.31 1.96 8.99 2.66 

Mean 13.9 174.22 82.44 2.18 3.38 1.23 2.65 3.99 2.06 
. ' 

.!S,E._ _o_._9 _l_l_.2.2. 7_._28_ . _0_.10._ _o_.6_8 . 9.2_5 0.27 Q.62 0.43 

PNMT 
Units 

1.384 
1.17-0 
2.080 

1.-025 
2.821: 
1.262 

1.085 
1.231 
1.883 

1.010 

1.495: 

0.186 

I-' 
0 
I.\) 



TABLE XV 

EXPERIMENT I - RESTRAINED BIRDS 

Animal Acidophil E NE E/NE E NE 
No, Count ,Ag/100 mg ..Ug/100 mg Tissue ..ug/li ter .ag/li ter 

1 26 99,04 54.36 1.82 18.25 6.89 
2 28 113AO 31.88 3.56 19.74 8.12 
3 25 125-, 40 54.08 2.32 20.39 7.03 

4 33 135.68 67.84 2.00 13.08 - 3.60 
5 47 138.36 70.02 1.98 23.01 7.30 
6 36 l-87.. 56 87.44 2.15 20.50 5.82 

7 50 152.28 8-0. 24 1.90 16.59 5.76 
8 35 107.16 55. 7q 1.92 12.55 4.67 
9 42 317.04 75.60 1.81 14.17 4. 71 

10 40 147.68 72.90 2.03 20.91 8.23 

Mean 36.2 134. 36 6-S-.OT Z-.15 17.92 6.2l 

+S.E. 2.7 8.07 5.12 0.16 . 1.15 0.49 

E/NE Bk Bk 
Plasma .,t.(g/gm' .J<g/100 ml 

2.65 8.45 3.80 
2A3 4.09 5.31 
2.90 4~78 5. t,8 

3.63 4.80 5.74 
3.15 6.39 2. 76 
3.52 2.25 4.08 

2.88 4.41 3.06 
2.69 3.68 4.26 
3.01 2.29 9.03 

2.54 6.67 6.73 

2.94 4.78 5.04 

0.13 0.61 0.60 

PNMT -Units 

1.791 
1.555 
2.634 

2.041 
2.620 
2.170 

1.526 
2.615 
2.468 

2.326 

2.175 

0.137 

.... 
0 
(..l 



TABLE XVI 

-
EXPERIMENT I - ACTH-TREAT.ED BIRDS 

Anim~l . A,cid_ophil. E -----NE- E/NE E NE 
No. Count ,ug/100 m.g ..t.tg/100 mg Tissue ..Ilg/liter ..a.g/liter 

l 18 115. 68 41. 76 2.77 26.49 5.96 
2 26 150.00 64.65 2.32 12.81 4.27 
3 33 160.92 85•.08 1.89 22.55 9.47 

4 30 159.44 69.32 2.30 8.69 4.16 
- 5 21 317.52 66.36 2.07 9A3 3.83 

6 19 145.76 58.30 2.50 14.89 5.21 

7 34 ---- --- --- 16.09 5.55 

8 36 130.60 56.78 2.30 19.79 7.52 

9 21 142.44 63.31 2.25 21.48 7.70 

l_Q 25 1.33. 32 42.64 3.13 --- ---

Mean 26.3 141.74 60.90 2.39 16.91 5.96 

+S.E. --- ... 
2.1 4.80 . 4.45_ . _0._1.2 . .2.03 0.40 

EJN'.E- Blc 
Plasma ,ltg/gm 

2.50 3 .96 
3.00 5.41 
2.38 4.63 

2.09 5.64 
2.46 2.97 
2.86 3.77 

2.90 8.36 
2.63 2.48 
2.79 5.94 

--- 2.05 

2.62 4.52 

0.10 0.60 

Bk 
J.lg/100 ml,; 

6.31 
4.23 
5.34 

6.42 
3.93 
4.02 

3.31 
5.21 
6.69 

4.96 

4.37 

0.58 

PNMT 
. ·. ;.__·',-· :- :.""· ... 

Units 

2.225 
2.206 
3.396 

2.810 
1.891 
2.153 

2.373 
1.892 

:3._026 

2.441 

o_.J.7.1. 

..... 
0 
..i:,. 



TABLR XVII 

EXPERIMENT II.,.. NORMAL, CONTROL BIRDS 

----- . · .. ·-- .. ·-- -~-. -. ., __ . 

MiP1.li.l .. AcJ5,lophil .E ~- N.E E/NE E NE 
No. Count .Ug/100 .mg _ J.<g/lOC> mg Tissue ...Ug/liter Mg/liter 

·_1 13 300.98 .129. 67 2.32 4.09 1.49 
2 16 209.15 88.23 2.37 4.36 1.93 
3 9 126 .12 . 53;{;7 -2.35 6 .'.73 1.65 

4 15 18B.87 .87. :h 2.16 2.04 0.82 
5 L5 225~85 .. 80.39 2.81 3 •. 75 1.02 
6 10 -. 242.95 . _1_2J_._2J_ _ 2._00 . . ___ o_,-9_3_ . __ ... . 9_.-3~0. _ 

Mean 13.0 215.64 93.42 2.34 3.65 1.20 

+S.E. 1. •. 2 .. 23 .• Z~-- 11.40 Q,.J..J 0.82 0.25 

E/NE Bk 
Plasma ..u.g/100 m! 

2.74 3. 79 
2.26 2.08 
4.08 2.26 

2.49 1.42 
3.68 2.19 

- _J_._l.Q _ 2_.,68 

3.06 2.40 

.0. 29 0.32 

PNMT 
Units 

1.565 
2.448 
1.933 

1.209 
1.516 
L.J.26_ 

1.666 

0.186 

.... 
0 
VI 



Animal Acidophil. E 
No. Count J.<.g/100 mg 

1 40 93.83 
i 41 142.46 

·.3 36 79_.95 

4 32 180.05 
5 29 103.42 

... 6 27 .. _6_7. 55 ... 

,Mean 34.2 111.21 
-· 
+S.E. . .?.,.4 .. _17_._2_8 

~ ...... ~ ·-· -.- ~- -

- TABLE X¥_TII · 

.EXPERIMENT II - RESTRAINED BIRDS 

NE E/:NE E NE 
Mg/iOO mg Tissu~-- .((g/l!_teI." __ .;1.tg/l!_ter 

50.56 L86 14.61 5.24 
54.60 2.61 18.68 6.81 
42.12 L90 9.74 4.02 

90.19 2.00 9.53 3.00 
35.36 2.90 17.43 4.76 
4,4. 8_8_ 1..51 1?~56 3.7_7 

53.00 2.13 14.59 4.60 

]._91 0.21 1.66 0.54 

E/NE Bk 
Tissue ,4g/100 ml 

2.79 6 .. 04 
2.74 ·7.58 
2.42 5.65 

3.18 4.?9 
3.66 3.86 
4.66 3.54 

3.24 5~24 

0.33 0 .. 61 

PNMT 
Units 

4.679 
3.169 
3~236 

2.204 
2.171 
2.602 

3.010 

0.382 

.... 
0 
a,. 



TABLE XIX 

EXPERIMENT I I - METOPIRONE BIRDS 

-1\tl.J.rn._aJ .... Ac} p oph,Ll . E NE .E/NE .E . . ... _NE 
No. Count ,ug/-1'00::ll'!g _ .t(g./100 "lllf. Tissue .ug/li ter ..ug/liter 

1 20 155 .02 66.4"9 2.33 4.67 2.12 
2 --- 237. 99 139.87 1.70 2.-96 1.23 
3 26 167.48 93.95 1.78 5.06 1.48 

4 13 262.02 140.61 1.86 2.03 0.56 
5 8 137.33 73.05 1.88 1.77 0.51 
6 18 125 .59 52.83 2.38 5.88 2.08 

Mean 17.0 180.90 94.47 1.99 -3,73 1.33 

- . 
+S,E. 3.1_ 22.84 15.46 0.12 0.70 0.2:9 - '· ...... -~ --- --· - . . 

;E/'N.E Bk ._ 1?~.T 
Plasma ..t.tg/100- ml Unit's 

2.20 1.70 1.382 
2.41 0 2.748 
3.42 0.96 1.147 

3.62 0.69 1.777 
3.47 1.84 1.244 
2.83 0 2.105 

2.99 0.86 1.734 

0.24 0.33 0.250 ... ~-- . 

~ 
0 
c-J 



Animal Acidophil E 
No. Co1.,1nt : ;.qgllOO. mg 

1 - 29 46~04 
2 45 31 ~ 70 
3 28 '97.43 

4 24 67.87 
5 54 104~03 
6 40 51.53 

Mean 36.7 67.43 .. 
--
+S.E. 4.7 11a3(} 

TABLE XX 
. j 

EXPERIMENT II - .EXPERIMBNTAL .. METOPIRONE BIRDS 

NE E/NE E NE 
.,tt.g/.l.00 .mg Tiss,ue .. ..LLg/liter Ag/li-t.er 

35~21 1.31 '9A5 5.S3 
56.86 -0.66 13. 3'3 6.29 
55.26 1.76 8.:05 4.14 

45.36 1..50 8 .-6'6 . 5.36 
.56.83 1.83 4.18 .3.65 
41.51 1..24 5.38 4.43 

48.50 1.38 8.17 4.90 

3.74 0.17 1.32 0.40 

E/NE Bl: 
~.lasma . ,«.g/100 ml 

1.71 1~39 
2.12 a'.':'Q .. u8 
1.94 -0 

1.62 1.41 
I.15 - 2.01 
1.21 0.29 

1.63 o. 9.6 

0.16 0~31 

PNMT 
Units 

1.882 
0.694 
2.277 

1.869 
1.574 
1.01m 

1.563 

0 .23.7 

• 

.... 
0 
00 



Animal Acidophil E 
Nor Count Mg/.100 mg 

1 16 245.97 
2 10 193.05 
3 13 17.1.23 

4 13 315.17 
5 20 200.50 
6 14 183.97 

7 15 230Al 

Mean 14.4 220.04 

+S.E. 1.2 18.66 

TABLE XX:I 

.EXPERIMENT II.I - NORMAL, CONTROL BIRDS 

NE -.~E E NE 
J.<..g7100 mg Tissue .,l.(g71iter ..,tJg7Hter 

131.05 1.88 3. 62 1..65 
88.83 2.17 -S.15 1.72 
73.30 2.34 .5.21 1.. 79 

141.06 2 .• 23 2.G5 0.57 
95;55 2.10 3.10 1.23 
73.16 2.51 3.18 1.30 

108.01 2 .. 13 2.58 1.08 

101.57 2.19 3.56 1.32 

10.09 0.07 0.46 0.16 

.E/NE -----Bi 

Pl·asma Ag7100 ml 

2.19 2.15 
2.99 1.75 
2.91 1.32 

3.61 2.45 
~L52 3407 
2.65 4.01 

2.40 --

2.75 2.45 

0.18 0.39 

PNMT 
Units 

2.163 
2.230 
L.792 

2.215 
1.451 
0.971 

1.126 

1.707 

0.201 

...... 
0 

'° 



Animal Acidephil E 
No. Count .l(g/100 mg 

1 48 15L82 
2 27 124.01 
3 36 104 .. 16 

4 33 142.86 
5 42 82.85 
6 32 145.98 

7 40 102.46 

Mean 36.9 122 .. 02 

+S.E. 2.7 9.92 

TABLE XXII 

EXPERIMENT III - RESTRAINED BIRDS 

NE E7NE E NE 
.ug71cm mg T1ssue ..ttg71iter Ag71iter 

67.28 2.~26 15 .. 02 6..43 
59.81 2.07 20.1$ 7.81 
48.43 2.15 10.12 3.22 

62.93 2~27 13. 71 4.79 
37.82 2.19 16.90 5~ 75 
68 .. 28 2.14 16.08 5.10 

47.15 2.17 13.89 5.24 

55.96 2.18 15.21 5.48 

4.38 0.07 1.18 0.54 

E/NE ____ Bk~~- PNMT 

Plasma ,qg7100 m!_ · Units 

2.43 5.85 2.636 
2.58 8.72 3.378 
3.41 6.01 2.204 

2.86 5. 7l 3.891 
2.94. 6.47 2.842 
3.15 7.16 3.707 

2.65 6~23 2.475 

2.86 6.59 3.019 

0.13 0.40 0.244 

I-' 
I-' 
0 



Animal Addophil E 
No. Count---· . .1Lg.7100··mg 

1 18 314~56 
2 13 207.lG 
3 15 173 .• 17 

4 22 234~77 
5 21 192.61 
6 16 223.06 

".' 

Mean 17.5 224.21 

·-
+S.E. 1.4 20.14 ....----- -_,, .. . , . -.. . .. 

Tl\BI.E XKIII 

EXP.BRIMENT III - PURCltIYCIN BIRDS 

N.E Ji/NB . E . NB 
..c.(g7iOO mg Tlssue ...qg71iter ..qg/liter 

145~40 2.l-6 4.01 1.-63 
lOL-98 2.03 3.86 L85 

83 .. H, 2.08 5.10 2 .. 16 

90~09 2.61 3.72 1.24 
79.29 2.43 4.15 1.49 

112.43 1.913 3.95 1.51 

102.06 2.21 4.13 .1.65 

10.01 0.10 G .. 20 0.13 

.E/NE .. . ... ~· . Bk - PNMT 

Plasma ..t(g/100 ml Units 

2.46 1.85 1.748 
2.09 1.98 2.068 
2.36 2.63 1.4608 

3.00 1.41 3.019 
2.79 .2 .. 78 2.458 
2 .. 62 2.03 L050 

2.55 2.11 1.968 

0.13 0.21 0.288 

.... .... .... 



TABLE XXIV 

EXPERIMENT III - PURCMYCIN + RESTRAINT BIRDS 

Animal Acidophil E NE ~· E/N.E E MI .l"YN.E Bk PNMT 
No. · Count ..4gl1QO . .mg. ,4g/lOO mg T1ssue Ag/liter J.(g/liter J!lasma .l.(g/100 ml Units 

1 14 8.SS2 35~:33 2.42 10.16 ·Loo 2.18 1.20 1.546 
2 15 101.46 48~15 2.11 8.52 3.74 2.28 1.08 1.661 
3 11 63443 24.39 2.60 9.75 3.18 3.07 3.19 1.589 

4 19 86.31 41.38 2.09 : 14.12 5.58 2.53 2.63 1.498 
5 21 96.80 44.87 2.16 10.50 3.57 2.94 2.21 1.916 
6 13 146.17 57 .96 2.52 11.28 3.64 3.10 1.42 2.954 

Mean 1:S.5 96.61 42.01 2.32 10. 72 4.06 2.68 1.96 1.861 

+ SJL _1_.5 
..... y• 

. _!}.._. 2.'? . 4.68 0.09 0.77 . 0.36 0.17 0.35 0.227_ 

.j-1 ,_. 
~ 



Animal Acid0phil 
N0. Ceµnt 

_l 21 
2 13 
3 10 

4 16 
5 9 
6 15 

7 --

Mean 14.0 

+S.E. L8 -- ...-.~--"---·--- - - . ·-

TABLE XXV 

EXPERIMENT III - CORTICOSTERONE + PUR-<MYCIN + RESTRAINT BIRDS 

E NE E7NE E NE E/NE-
..u.g1100 mg J.tg7100 mg Tissue Mg/liter ).(g/liter Plasma 

80,03 33.98 2.36 8.3{> 3.51 2.38 
78.41 36.05 2.16 6.72 1.91 3.52 

132.34 84.13 1.57 9.21 2.55 3 .• 61 

114.46 44.61 2.56 7.54 2.59 2.91 
81.70 36.76 2.22 8.67 3.85 2.25 
71.72 33.59 2~14_ 8.43 3.83 2.20 

105.93 53.88 1.97 7.79 2.92 2.67 

94.94 46.15 2.14 8.10 3.02 2.79 

8. 6J. 6.90 0.12 0.31 0.28 0.22 

Bk 
M.g/100 ml 

18.61 
-15.32 
22.05 

13.97 
25.61 
26.28 

19.59 

20.20 

1.79 

PNMT 
Un:Us 

l.219 
1.372 
2.478 

1.447 
1.863 
1.955 

1.369 

0.1-69 

0.169 

,... ,... 
w 
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'l'AJ3LE XXVI 

at_ ~META METHYL TYRO~INE EXPERIMENT 
~ 

Gioup 
(n:::10) 

;:·, !!Jioje1!s : 
0.09 mm3 'blood' 

:-,,Epinephrine 
4g/li ter 

Norepinephrine 
J.tg/li ter 

I Normal 14.2 4.45 1. 72 
Control +e. 3l. : t_.-75 +.25 

u Jiestx'aint 2;5.1 12.15 4.18 
for thJ;"ee +2.3 +1.36 +.52 
hot,U;S """(.01)2* "'"'(.01)* (.01)* 

Ul oe.-meta ... methyl, 13.1 5.52 1.44 
tyros'i'ne3 +],.4 +.65 +.22 

"""c.01,)+ (.01)+ (.Ol)+ 

IV ot_ ... m~ t a ... me thyl 15,7 6.14 2.00 
-----:"' +0.9 tyros1.ne +1.18 +,41 

+ restraint4 .... < .ou+ '""< ,05)+ (.05)+ 

1standatd error of the me~n •. 

~Number .in J?arentheses indicates value of P. 

3Biids were injected with 50 mg lP of ~~meta-methyl tyrosine 15 hours 
prior to autopsy, 

4~irds were injeGted w~th 50 mg lP of «~meta-methyl tyrosine 12 hours _.,...... 
prior to restraint. 

*Compated to normal control group (I). 

+compared to restrained control group (II). 



Group 
(n=lO) 

I 

II 

l'ABLE )O{VII 

DEXAMET~ASONE EXPERIMENT 

Treatm~nt 

Norin al 
Control 

Dexameth?tsonel 

PNMT 
Units 

1.261 

2.005 
(0.05)2* 

+S .E. 

0.121 

0.229 

1Dexametha$one-treatment consisted of administering 5 mg 
of dexamethasone IP 2,S hours prior to autopsy. 

2Number in parentheses indicate~ value 9f P. 

*Compared to normal, control group (I). 
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