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A PRELIMINARY STUDY OF THE AVIAN ADRENAL

BEY FRANK A, HARTMAN AND RODLERET B, ALBERTIN

EXPERIMENTS have demonstrated that the adrenal is as important
in birds as it 15 in mammals. Parkins (1931) reported an average
survival of 80 hours following a two-stage adrenalectomy in the fowl,
The symptoms resembled those of the cat and dog after a similar
operation.  Miller and Riddle {1942} were able to maintain young
adrenalectomized pigeons an average of nine days by the addition of a
salt mixture to theie diet.  Herriek and Torstveit {1938) destroyed
the adrenals in male fowls in which the testes were large.  They were
given adrenal extract for a few days and then salt solution.  Within a
few weeks they had the appearance of typical capons, and the testes
were reduced to a fraction of their original size, indicating that the-
adrenals were essential for their normal functioning. Beyond these
abservations little study has been made of the functions of the adrenal
in the Lird, but it is presumed that they are similar to-those of the
mammalian gland, However, more work 15 needed to demonstrate
Lhis.

The adrenal gland is an organ which is called upon in various stresses
to increase its activities many-folil {Hartman and Brownell, 194%; 121,
258}, No class of wvertebrates shows greater range of variety or
intensity of stresses to which it is exposed than that of the birds
Therefore, a study of the structure and function of the adrenal in this

roup should be very profitable.

Ticlelo {1923) noted the efects of ovulation and disease on adrenal
weirlt in the dove and pigeon.  Others have observed the changes in
the fowl with age (Iartman and Brownell, 1949: 37). The study of
the strueture of the avien adrenad has also been limited largely to
domestic forms {Hartman and Brownell, 1949; 24 and 56). Aside



1
wr "_,.
- SIR.
tx b | ¥
P S T
ey
l:
Wol, a
?‘55?3} "HARTMAN anp AlngrTix, Avion Adreennl 203

from adrenal weights by Crile and Quiring {1940) and Hartman (1944)
the adrenal of wild birds has been largely neglected.

A few years ago we began o survey of the adrenal ol wild birds as
prc]‘mrul_'il};n for a more intensive stuily of selecied forms, We Giave
now colleeted and prepared the wirenals of wore Lhan 400 species of
ireds, hialf of which were Troon L trepies, e sess beniy oo the
eastern part of the United States. Somwe of dhe inderuniioe which s
been oliained will inlerest ornitholagisis.

Acknodedpenents ~We are very mueh iwdebled o Mre,o Richord
Archbaold of the Archbold Biclogical Stalios, Flotwdla, Tor s poersonal
assistance in the collection of matenal and foe the use of the facilities
of the Archibold Binlogical Station,  We alsa wish to thank Dr. H. O
Clark for the use of the Gorgas Memeorial Field Station in Panama and
Mir. Tames Feiek for s cooperatinn at the Tareo Colorade Tstand
Biological Laboratory.  This study has been aided by grants from the
Comly Fund and The Graduate School of The Ohio State Universily.

Locetion.—The adrenals lie under the gonads and against the an-
terinr tips of the kidneys (Fig. ). They are usually of distinctive
color and may be partially or completely coverad by the ponads, de-
pending upon the size of the latter,  In the female, even the quiescent
ovary may cover the eflb adrenal, bang closely adherent to the con-
nective tissug which encompasses the latter,  In the male, the imma-
ture testes are too small to cover the glands, but the enlarged aclive
testes of the adalt do so. A cushion of connective tissue conlaining
fat adheres closely to the dorsal surface of the adrenals.

Separalion.—In most species the adrenals oceur as two distinet
organs, but vary in degree of separation from a wide gap to nothing but
a line of demareation.  Upon superficial examination these glands, in
the latler case, appeas to be united, hut dissection shows them not to
be. Rarely, the adrenal tissue is combined into one organ as in: the
Stork, Euxenura manguari; Rhea, Rhea americona; Gannet, Sula
varicgate (Hoimberg and Soler, 1942); and Bald Eagle, Flaliceétus
lewcoce phafus (Hartman and Brownell, 194%9: 28}, Different individ-
wais of the same species may show econsiderable variation in this
respect. OF two Common Loons, Goeie 4. fmaer, exanuned, these

glands were fused in one and completely separated in the other. Of
vry Woodpecker, Dendrocafos o seblandrio-

-

nine specimens of Lhc
malis, they weore completely fused in one, appeared to be bul were not
in four, and were patently separated I the others.  They may o
FLevrus argandolus st

r b o A e Tloreimyer (he-11
[Tusedd nr separaied it tne Fleroing Laall

Skabe~—"1he shape of the adreaals varies sa much in dilferent species
4 N . | By g o P RS It = ryreyar e :
that 15 is oifficult to make generadizations.  They may be ovaid,
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Frovan L.—Adrenal of domestie forl ju relation to gonads.—(Tap, l«f} male two
months eld; {(Righ!) female ane manth oid; {Middie) darsal nspect showing arterial
openings to adrenals.  (Botiom, ) iale; [Right) female, both three menths ald,
A—adresal; T—testis; G—ovary; E—Lkidney; Ar—aorta; V—vein,

ellipsoid and regular, or they may be flattened, irregular bodies of
variable thickness. They may be pointed at one end and the corners
or edges may be attenuated. Moreaver the two glands are often
unlike in form (Ig. 2.

Calor~—Usually the color is eream, yellow, or orange. It is rarely
red, 45 is the kidney,  Oecasionally it is pink, gray, or dark reddish-
brown.,  The color may be determined by the lipid present in the
giand, This makes Nighthawl, Chardeiles minor, and Paraugque,
Nyetidromus albicoliis, adrenals white, and in soime water birds it
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CATBIRD TOUCAN CARDINAL  WHITE THROAT

Tiemes 2-—Shapes and relative positions of adrenals: Anhinga, Awlinge enkinga;
Agami Heron, Agomic cpomi; American Lgret, Oosweroding o, eprelfe) Tinfoot,
Heliormes fulica; Black Vulture, Coragyps airaius; Darsh Fiawl, Circus ayangus;
Jacana, Jecana hypomelsena; Barced Owl, Stric verie) Tarn Owl, Twio oo prafimenla;
Paravnue, Nyctidromus albieollis; Ruby-throated Hummiogbicd, Archslechus colu-
bris; Plleated Woodpecker, Dryscopus pilsatus; Catbird, Dumetells corolinensis
Swalnson's Toucan, Hamphastos swainsond; Cardinal, Richmordena  cordinalis;
White-throated Sparrow, Senelriskia albicollis,

makes them a brilliant orange. In the White Ibis, Guare alba, the
hody fat, as well as the adrenals, is a brilliant orange. This may be
determined in some iastances by the food, since the adrenal lipochrome
pigment in the fowl varies in color with the food {Findlay, 19247,
Adrenal calor may vary in different individuals of the same species,
The following are examples of those which depart from the more
common yellow to orange color. In two Bald Euagles, the adrenais
were vellow in one and yellowish-pink in the other. In three Hairy
Woaodpeckers, they were brown in two and yellowish-white in the
third. They were brows in 2 Red-cockaded Woodpecker, Dendro-
copos borealis; brownish-yellow in a Phocbe, Suyornis phosde; whils it
a Tiorida Blue Jay, Cyanocitle ¢. eristale; grayish brown in a Florida
.13;1 ;.*’:u."f"rxrm._; il {n:fr::.ﬂ;rwr }_ rown inoa Florida Ce 'n,, C-:JF"'S
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Forus o, alricapiling; yellowish-white in a White-breasted Nuthatch,
Sibie ¢, corolinensis; and grayish in a Vellow-throated Warbler,
Dendroica d. deniinica.

Microscepic struchire. ~'Thin sections of the adrenal fixed in Zenker-
formel solution show two kinds of tissue: one, yellowish to brown in
color, which is the cheomailin tissue; and the other, unstained, which
is the interrenud fissue,  The chromaffin tissue produces epinephring,
whiile the interrenal tissue, which corresponds to the cortex of the
mammaiian adrenal, produces hormones essential to dife.

Tn thie bied and replile, Interrenal and chromaffin tissues are inter-
mingled, bul in the lormer Lthese tissues are usually more thoroughly
interspersed.  The darker chromaffin tissue stands out, forming a
pattern (Fig. 33, Wien there 5 a relatively small amount of chro-
mailin dissue, s seaticeod througlh the interrenal tissue in the form of
small bodies or islands of varous sizes,  As the amount increases the
islunds become larger, often elongated, and sometimes connected with
one ancther by thin bridges. With a large proportion of chromaffin
tissue much of it reaches the surface of the gland., In some species
the chromaffin tissue seems to surround the Blood sinuses (Fig, 3
Ahenoflyne and Sittal, ’ :

There 15 similarity in pattern of the different individuals of the same
species, at least in some instances, but there may be little similarity
between species 1o the same genus (Hartman, Koouff, o al. 1947).
apecies of different geaera of the same family may show considerable
cantrast {Rhinapiwee and Cicoabda, Fig. 3).

3 the birds studied thus far, some of those bflonging to the Sub-
order Pelecani possess adrenals whose cells are largest and so arranged
that they present a clearer picture than that found in many other
groups.  Adrenals of the Cormorant, Plelecrocorax aurilus, and Brown
Pelican, Pelecanns sccidendnlts, are among the best examples.  Indeed
they may serve a8 a standard {or a study of other avian adrenals,

The adrenal capsule is relatively thin and if removed reveals a
characteristic structure beneath, especially afler ixation with harden-
ing agents (Tig. 4, A). Sections under the microscope may shaw a
rather orderly arrangement of interrenal cells which appear as double
rows with the nuelel toward the inner contiguous ends far removed
from the Bood vessels which Bathe the ouier ends,  Actually these are

sohicd cords witl the nueles 1 the centers, the longitudingl sectioning
making them appear as a double row (Fig, 4, B). When a cross-
sectinn s wnde of a cond dhe cells are siiown o be arranged radially,
the inncr postions conaing the nuclel being wedge-shaped,  The
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SITTA REGLLUS SERALS

Fioume 3 —Patterns of chromaffin tissue {hlack) in diffcront species: H. falica,
J. hypomelaenn, A, apapd, B clomalor, Condgeolineala, T, curpend fenelius, Silio caro-
Hnensis, K, s@irapa, Seiarns noveboracensis,
cords extend inward from the periphery and may follow a tortuous
course as they aporoach the interior of the gland.

The islets of chromaliin tissue are few in number and smadl in Lhis
proup of birds. The cells are more irregular than those of the inter-
renal tissue (Fig, 4, C) In preparation for parafiin seclioning the
lipid 35 replaced by wacunles.  These often constitute o considerabie
aortion of the cytoplasm of the interrenal cell.  Interspersed among
them are elliptical or rod-shaped mitochondra. When there 15 much
lipick material there are fewer mitochondrin and vice versa (Fig, 4, D
and B).  Although these bear some relation to hormone production,
their fusiction 15 nat well waderstood,
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Frzvms s—Adveaal of Conmorans, Plolccrecerar anrdius Toridonnes: A, Hue.
wicw, enpsule pactiolly remeved Lo show glandular structure; A. Section showing
arcangemneitl of cells: chirom—clhicomaflin tissee; inter,—interrennl tissue, Fonker-
Tormal sl & Enarged seetion af B, D and M, inderrenal cells from the ad-
rennd of the Drowes Pelicnn, Peleconenes scoidentofies D, with large ameount of Lipid
(vacanics] and few anitochondeia (Black); B, with many mitochondria but less Hpid
padosiad. Neation i denker-formol '
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The interrenal cell of the Brown Pelican is the largest that we have
seen in any vertebrate and offers the best preparation for a study of
cellular changes under dilferent conditions of activily.

From this preliminasy survey we may conclude that the adrenads of
certain avian groups will be very useful in the study of the relating of
cellular structure to function.

SuMMARY

A preliminary study has been made of more than 400 species of birds,
half of them from the tropics, The adrenals are located on the an-
terior poles of the kidneys just below the lungs and postesior to the
gonads. In most species they are separate, but in a few they are
fused into o single organ.  The adrenals differ greatly in shape, often
being irregular and varying among different individuals in the same
species.  Their eolor may be cream, yellow, ar orange, but i5 somes
times pink, gray, or reddish brown,  Microscopieally the chromaifin
tissue forms a pattern varying from scattersd isleis to an interwoven
network, depending upon the amount of tissue present. The intar-
renal cells of certain members of the Suborder Pelecani ure the largest
of any vertebrate observed thus far, eilering excellent material for a
study of cytological changes. Decause of tie marked arrangement
of these cells, the adrenals of this group can be used as a standard for
the study of the adrenals of other birds.
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