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ABSTRACT Previous studies on bats from this laboratory have revealed the presence of ex-
ceptionally high circulating levels of glucocorticoids in two species of the sub-order Megachiroptera.
In the present study, the following questions were asked: (1) what effect does the routine handling
and examination of captive bats have on the activity of their hypothalamic-pituitary-adrenocor-
tical (HPA) axis?; (2) are the unusually high plasma levels of cortisol and corticosterone found in
Pteropus hypomelanus associated with high levels of circulating adrenocorticotropic hormone (ACTH)?;
(3) are there diurnal changes in stress responsivity in this species?; and (4) how do levels of glucocor-
ticoids in P hypomelanus compare with those found in other species of Chiroptera (both micro and
megachiropteran species)? Of five species examined, P Aypomelanus had slightly higher total gluco-
corticoid levels than P pumulis, but ~8-fold higher levels than in three species of Microchiroptera
(Artibeus jamaicensis, Carollia perspicillata, and Myotis lucifigus). There was a pronounced diurnal
rhythm in glucocorticoid levels in one species (M. lucifigus) for which this was determined. A 1-h
period of restraint stress increased glucose and glucocorticoid levels in P pumulis, and also increased
ACTH and glucocorticoids in P hypomelanus. Fifteen minutes of routine handling (weighing, mea-
suring, etc.) elicited a significant rise in plasma glucocorticoids in P hypomelanus to combined peak
(cortisol plus corticosterone) levels of over 1,000 ng/ml (100 ug%). There was no significant difference
in the response to handling in bats tested in the morning or evening. Basal ACTH levels as detected
by radioimmunoassay were low in P hypomelanus, in spite of high steroid levels. Displacement of
labeled ACTH by plasma of P hypomelanus was roughly parallel to that produced by synthetic hu-
man ACTH. The identity of immunoreactive ACTH was confirmed by subjecting separate aliquots of
plasma to an immunoradiometric assay (IRMA), which operates on a different principle from the
RIA and necessitates an intact molecule closely resembling human ACTH. We conclude that bats
possess a “stress response” similar in some ways to that seen in other mammals. The extremely high
constitutive and stress-induced levels of glucocorticoids in the Megachiroptera are nearly unique
among mammals. Although high circulating levels of ACTH were detected by IRMA, but not by RIA,
it is possible that the Chiropteran adrenal gland is hypersensitive to ACTH or possesses exception-
ally active intracellular steroidogenic mechanisms. Finally, the routine daily procedures associated
with measuring, weighing, and monitoring bats in captivity constitutes a significant stress to the
animal as revealed by pronounced activation of the HPA axis. © 1994 Wiley-Liss, Ine.

Stress may be defined as a real or perceived
threat to homeostasis, and encompasses stimuli
ranging from internal insults such as hypogly-
cemia, hypovolemia, and hypoxia to emotional
stimuli such as exposure to a novel environment.
Mammals possess several mechanisms to combat
such threats, or to restore homeostasis (e.g., blood
glucose levels) after the insult has occurred. An
important response to stress in all mammals, thus
far studied, is the activation of the hypothalamic-
pituitary-adrenocortical (HPA) axis. Afferent sig-
nals arising from sensory receptors converge in
the hypothalamus and stimulate the release of
corticotropin-releasing hormone and other factors
into the hypophyseal portal circulation (Plotsky,
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"85; Plotsky et al., ’89). These factors activate the
corticotropes of the anterior pituitary to secrete
ACTH. ACTH, in turn, activates the adrenal cor-
tex to synthesize glucocorticoids. Fish and mam-
mals primarily synthesize the steroid hormone
cortisol, but birds and other vertebrates make al-
most exclusively corticosterone.

The characteristics of the HPA axis in Chirop-
tera have yet to be clearly elucidated. We (Wid-
maier and Kunz, ’93) and others (Gustafson and
Belt, ’81) have reported that certain species of bats
have exceptionally high circulating levels of cor-
tisol and corticosterone that are matched in ver-
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STRESS IN CHIROPTERA

tebrates only by squirrel monkeys (Brown et al.,
"70; Cassorla et al., ’82). In the squirrel monkey,
it has been shown that a defect in the glucocorti-
coid receptor is partly responsible for chronically
elevated glucocorticoid levels (i.e., inadequate
negative feedback of the steroid on ACTH due
to a mutated receptor) (Cassorla et al., ’82). The
basis for the unusually high levels of both glu-
cocorticoids in bats is presently unknown. More-
over, it is not known if the steroid levels are
correlated with equally high concentrations of
ACTH, since this hormone has yet to be mea-
sured in Chiroptera.

In the present study, we sought to determine
whether immunoreactive ACTH was present in
chiropteran plasma and at what concentrations.
Also, in a continuing attempt to characterize the
hormones of the HPA axis in the highly diverse
order Chiroptera (~950 species), glucocorticoid lev-
els were determined in two or three species each
in both the Micro- and Megachiroptera. Finally,
the effects of routine daily maintenance proce-
dures (handling, weighing, etc.) on HPA axis hor-
mones was investigated to determine if such
procedures constituted a repeated stress to these
animals. This was prompted in part by our ear-
lier observations that levels of glucocorticoids in
three species of bats were very high after subject-
ing the animals to such procedures (Widmaier and
Kunz, '93). However, no baseline (pre-handling)
samples were available in that study and thus it
was unclear to what extent the high steroid lev-
els were attributable to the effects of the handling
procedures themselves.

MATERIALS AND METHODS
Animals

Pteropus hypomelanus, P. pumulis (Megachirop-
tera: Pteropodidae) and Carollia perspicillata
(Microchiroptera: Phyllostomidae) are housed at
the Lubee Foundation, Inc., a captive breeding fa-
cility in Gainesville, Florida. The colony of P
hypomelanus was established in 1990 from 24
wild-caught animals taken in Borneo. The colony
of P pumulis was established in 1992 from 12
wild-caught animals taken in the Philippines. The
colony of C. perspicillata was established from cap-
tive animals that were formerly housed in the Cin-
cinnati Zoo. Each species is housed as breeding
or non-breeding groups in hexagonal, double-wire
enclosures, approximately 9 m in diameter and 2
m high. Each of the outdoor portions of these en-
closures surrounds a smaller, centrally-located,
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hexagonally shaped (3 m diameter) roost build-
ing located in each of the enclosures. The enclo-
sures are designed so that the bats can feed, rest,
and fly freely. Except during cold months (Decem-
ber and January) bats are allowed to move
freely between the roost enclosure and the sur-
rounding flight cage. Animals selected for each
experiment were temporarily removed from
larger groups and housed in large rectangular
cages (~4 x 3 x 6 m) to facilitate capture and
reduce disturbance to other members of the
colony during experimental procedures. Each
bat was marked with metal or plastic thumb or
wing bands and uniquely-coded transponders
for identification. A small colony of Artibeus
jamaicensis (Microchiroptera: Phyllostomidae),
housed at Silver Springs Park, Silver Springs,
Florida, also provided blood samples for gluco-
corticoids and was housed in a small wood and
wire enclosure ( 1 x 1.5 x 2 m). Finally, wild
Myotis lucifugus (Microchiroptera: Vespertilioni-
dae) were captured individually at a maternity
colony in Hillsborough, New Hampshire.

Water and food

At the Lubee Foundation, bats were fed daily
at approximately 1700 h by placing stainless-steel
feeding and drinking cups randomly through-
out the enclosures. These cups were removed
and cleaned each day between 1000 h and 1400
h. Water and food, including freshly cut fruits
and vegetables were supplemented with mon-
key chow and Vionate (multivitamin). Myotis
lucifigus is insectivorous and typically feeds
nightly beginning at or around dusk (Anthony
and Kunz, ’77).

Protocols for bleeding and
plasma collection

Unless otherwise specified, blood was col-
lected from each bat by venipuncture of a small
wing vein using a 22-gauge needle. These ani-
mals were not anesthetized and were restrained
by hand during bleeding. Five to six aliquots of
blood (45-50 pl each) were taken in heparin-
ized microcapillary tubes and centrifuged to
separate plasma and cells. In one case, animals
were first anesthetized and then bled into
EDTA-containing plastic tubes for analysis of
ACTH by IRMA (below). In all cases, plasma
was stored at —20°C, transported to Boston in
liquid nitrogen or on dry ice, and later stored
at —~20°C until assays were conducted.






