
The adrenal glands are paired endocrine organs
located within the abdominal cavity. Hormones are
secreted by the adrenal glands, which regulate some
metabolic processes and enable the animals to function in
a constantly changing environment (1). These adrenal
glands are a pair of compound, flattened endocrine
organs located in the retroperitoneal tissue along the
medial cranial poles of the kidneys (2,3). A macroscopic
cross section of the gland reveals that it is composed of a
distinct cortex and medulla (2-5) and is encapsulated by a
thick connective tissue capsule (3,6). The cortex is flesh
colored (in ruminants and swine) or cream or light yellow
(in horses, dogs, and cats), and depends upon the lipid
content (2). The medulla is reddish brown due to the
presence of blood flow in the medullary veins (2,7).

Embryologically, each gland has a dual origin and, in
fact, 2 endocrine glands have been combined within a
common connective tissue capsule (1,5,8). They are
derived from 2 germ layers, the mesoderm and neural
crest ectoderm (1,4,8). The adrenal cortex originates
from mesoderm located between the dorsal mesentery of
the gut and the medial surface of the mesenteric kidney
(1,9). The adrenal medulla originates from the primitive
ganglia of the celiac plexus (1). The mesenchyme between
the root of the mesentery and the developing gonad

proliferates and differentiates into the fetal or primitive
adrenal cortex. Neural crest cells develop within the
middle of the fetal cortex to form the adrenal medulla.
Subsequently, other mesenchymal cells invade the
developing gland, proliferate, and evolve into the adult
cortex. After birth the fetal cortex regresses, but its
central region changes into the reticular zone (2,8,10).
Manohar et al. (11) showed that the adrenal blood flow
in horses is increased significantly during both rest and
activity.

One of the abnormalities of the adrenal glands is
displacement of the accessory adrenal nodules (12).
These nodules are usually found near the adrenal glands,
kidneys, and gonads (12,13). The male gonads are
derived from interstitial mesoderm near the growing
adrenal and medial side of the mesonephric kidney. Then
the gonads descend into the scrotum. The accessory
adrenal cortex may fall into the scrotum or spermatic
cord (12). In humans, especially in children, the adrenal
cortical nodules were reported as pathologic defects in
the spermatic cord (14,15), epididymis (16), and liver
(17). The presence of accessory adrenal nodules in some
animals such as the horse, dog, and sheep has been
demonstrated in some studies (13). In this investigation,
the presence of accessory adrenal nodules and their
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anatomical and histological structures in miniature horses
were studied.

This research was performed on 10 Caspian miniature
horses 4-6 years old (5 males and 5 females). Their
health had been confirmed by clinical and paraclinical
examinations. They were tranquilized by acepromazine
maleate (0.08 mg/kg bw, IV) and then were euthanized
by withdrawal of blood from the right common carotid
artery after local infiltration anesthesia of the neck
region. Then the abdominal cavity was opened and, at the
first stage, the situation of the adrenal glands and
accessory adrenal nodules was assessed anatomically and
checked microscopically. Histological sections were
stained using Hematoxylin & Eosin, Periodic Acid Schiff
(PAS), Alcian blue, and Mallory's staining.

Accessory adrenal nodules in Caspian miniature horses
were round or oval and yellow to red. Their maximum
diameters varied from 0.1 to 0.5 cm. These nodules were
near the kidneys and adrenal glands, but they often were

in close contact with the adrenal glands. The accessory
adrenal nodules were similar to the adrenal cortex
microscopically and from the external layer to the internal
layer contained zona glomerulosa, zona intermedia, and
zona fasciculata. These adrenal nodules had been
surrounded by a capsule of collagenous dense connective
tissue (Figure 1). Medullary tissue was not found in these
nodules.

The zona glomerulosa (also called the zona arcuata)
was a subcapsular area that included some curved cords
or arcades. The cells were columnar and the parenchyma
was closely related to an extensive vascular network. The
cytoplasm was acidophilic and the nuclei were small and
dark (Figure 2). The zona intermedia consisted of
undifferentiated cells, and was situated between the zona
glomerulosa and zona fasciculate. This area was narrow
with highly cellular accumulation. The cells were similar
but smaller than those of the zona glomerulosa (Figure
2).
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Figure 1. The accessory adrenal nodule (A) in close contact with the adrenal gland (B), which was surrounded by
a capsule of dense connective tissue (C) (H&E ×125).



The zona fasciculata was the widest area of the
accessory adrenal nodules. It included cuboidal or
polyhedral cells arranged in radial cords. Each cord
contained 1 or 2 cells separated from adjacent cords by
an extensive sinus network. The nuclei of the large cells
of the outer two-thirds of this zone (often called
spongiocytes) were larger and vesicular, and the
cytoplasm of these cells was foamy. The cells of the inner
third of the zona fasciculata were free of lipids (Figure 2).

Accessory adrenal nodules are abnormalities of the
adrenal glands (12). These nodules are commonly found
near the adrenal glands and kidneys (12,13). These
nodules were also found in the same location among the
Caspian miniature horses and only contained the adrenal
cortex. Medulla were absent in these nodules. Probably
because of the different origin of the 2 parts of the
adrenal glands, the cortex from the mesoderm, and the
medulla from the ectoderm (9,12,13,18), the adrenal
nodules only contained the adrenal cortex. It was also
reported by Prasad and Sinha (13) that the accessory

adrenal nodules were found in proximity to the main
adrenal gland in 6 animals (female buffalo, bullock, horse,
dog, goat, and sheep), and no medullary tissue was found
in any of the accessory nodules.

No report has mentioned the size or color of the
accessory adrenal nodules in animals, including horses.
The histological structures of these nodules were similar
between the Caspian miniature and other horses. Zona
glomerulosa, zona intermedia and zona fasciculata were
distinguished in the accessory adrenal nodules of the
Caspian miniature horses and were enclosed by a
capsule of dense connective tissue as well as the adrenal
gland. Prasad and Sinha (13) also reported that
accessory adrenal nodules were delineated by a distinct
connective tissue capsule. They revealed that cells
resembling zona glomerulosa and fasciculata were
discernible in the accessory nodules of horses, goats,
and sheep, but they did not explain anything about the
zona intermedia.
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Figure 2. Accessory adrenal nodule: zona glomerulosa (A), zona intermedia (B), and zona fasciculata (C) (H&E
×250).



They also reported that in dogs only cells representing
zona glomerulosa were found. Both intracapsular and
extracapsular accessory adrenal cortical nodules were
found in the adrenals of goats and sheep, whereas
accessory nodules were absent in pigs and fowl (13). It
seems that the accessory adrenal nodules in Caspian
miniature horses are similar to those in other horses. 
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