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ABSTRACT A model was developed to study stress in
chickens. Continuous administration of adrenocortico-
tropic hormone was employed (ACTH) using physiologi-
cal mini-osmotic pumps. A validation of controls for this
procedure showed that nonhandled (NHCON), sham sur-
gical procedure for pump implantation (SMCON) and
surgical implantation of a pump delivering saline (SAL-
CON) were all acceptable controls. Continuous delivery
of ACTH at 8 IU/kg BW/d for 7 d caused increases in
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INTRODUCTION

A variety of stressors have been used to study stress
responses in poultry species. These stressors include me-
diation of the adrenal glands directly by exogenous ad-
ministration of adrenocorticotropin (ACTH) and exoge-
nous administration of steroid moieties, including cortico-
sterone (CS), cortisone, cortisol, deoxycorticosterone, and
dexamethasone. Additionally, various environmental
conditions, including hot and cold regimes, have been
employed. Other stressors that have been evaluated in-
clude injections with various pharmacological prepara-
tions, such as reserpine, propranolol, norepinephrine, se-
rotonin, and l-dopa. Social groupings and alterations in
population density have been shown to be effective stres-
sors. Finally, feeding various nutritional formulations or
toxicants, such as mycotoxins and heavy metals, have
been investigated. Several excellent reviews (Frankel,
1970; Freeman, 1971, 1976, 1985; Siegel, 1971, 1980, 1985,
1995) describe the various stressors that have been used
to study stress in avian species.

Additionally, Puvadolpirod (1997) recently reviewed
stress in poultry species. She evaluated 110 papers con-
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plasma corticosterone (CS), glucose (GLU), cholesterol
(CHOL), triglycerides (TRI), high-density lipoprotein
(HDL), total protein (TP), and the heterophil/lymphocyte
(H/L) ratio. Body weight, as well as relative weights of
the major immunobiological organs (i.e., spleen, thymus,
and bursa of Fabricius) were decreased. Finally, liver was
increased due to lipid and moisture accumulation. This
model is the first to show in a single experiment all the
major adaptive stress responses of chickens.

cerning the use of 40 different stressors. Juvenile chickens,
Japanese quail, turkeys, ducks, and pigeons as well as
adult chickens, turkeys, Japanese quail, ducks, and pheas-
ants were employed as experimental subjects. Her review
clearly shows that stress in avian species does not consti-
tute a uniform set of adaptive responses that always oc-
curs in a predictable temporal pattern. Conversely, in no
single experiment have all the major stress responses ever
been shown to occur, much less in a predictable pattern.
It is most interesting to note that the majority of these
reports concerned juvenile male chickens. Possibly, this
phenomenon is because elevated plasma CS and in-
creased circulating heterophil/lymphocyte (H/L) ratio,
which are the two most accepted indicators of the stress
condition in birds (Siegel, 1995), have never been reported
in adult chickens following direct mediation of the adre-
nals by exogenous administration of ACTH.

In the review by Puvadolpirod (1997), the protocols and
results were summarized from 33 papers that employed
exogenous ACTH to study stress in avian species. In these
reports, dosage of ACTH ranged from a low of 0.25 IU/
d for 8 d to a high of 120 IU/kg BW weekly for 3 wk.
Routes of administration included i.v., i.p., and i.m. injec-
tions, and the carrier vehicle ranged from three different
saline preparations to gelatin preparations of several con-
centrations. There is no accepted route, dosage, or dura-
tion of treatment for administration of ACTH to evoke a

Abbreviation Key: ACTH = adrenocorticotropic hormone; CHOL =
cholesterol; CS = corticosterone; GLU = glucose; HDL = high-density
lipoprotein; H/L = heterophil/lymphocyte ratio; NHCON = nonhan-
dled control; SALCON = saline control; SMCON = sham control; TP =
total protein control; TRBC = total red blood cell; TRI = triglycerides
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given set of stress responses in a predictable temporal
pattern in poultry species.

Physiological stress responses that occur most fre-
quently in broilers following ACTH treatment include
adrenal cholesterol (CHOL) depletion (Siegel and Beane,
1961; Siegel, 1960, 1962a,b; Siegel and Siegel, 1966; Nir et
al., 1975; Thaxton et al., 1968, 1982), involution of
lymphoid tissues (Garren et al., 1960, 1961; Siegel and
Beane, 1961; Thaxton et al., 1982; Gray et al., 1989), lym-
phopenia (Siegel, 1962a, Thaxton et al., 1968, 1974), eleva-
tion of plasma CS (Siegel, 1968; Beuving and Vonder,
1978, 1986; Edens and Siegel, 1975; Beuving et al., 1989),
elevation of plasma glucose (GLU) (Siegel and Beane,
1961; Siegel, 1962a,b), elevation of plasma CHOL (Siegel
and Siegel, 1966; Siegel, 1968), and immunosuppression
of humoral and cell-mediated immune responses (Thax-
ton et al., 1968; Thaxton and Siegel, 1970, 1972, 1973; Siegel
et al., 1983; Murray et al., 1987a,b). It is important to
note that this body of work indicates that in no single
experiment were all of these parameters affected, nor
have all of these been shown to occur in animals within
a given experiment.

The literature indicates clearly that a reliable model to
study stress in any animal is lacking. The two major crite-
ria of an acceptable stress model are a treatment that is
exact and highly repeatable and a predictable set of stress
responses that occur in a known temporal pattern. The
purpose of this series of papers is to define a stress model
in chickens. This model employs continuous delivery of
a defined dosage level of ACTH for a defined time period
via mini-osmotic pumps. The major stress responses, do-
simetry of ACTH, temporal pattern of responses, includ-
ing digestion and metabolism (responses that have not
received sufficient research attention in stressed animals),
and a quantitative assessment of stress are included as
the components of this model.

MATERIALS AND METHODS

Peterson × Arbor Acres chicks were used in two sepa-
rate experiments. Chicks were brooded and reared in
floor pens in a curtain-sided broiler house. Pine shavings
were utilized as the bedding material in each pen. Contin-
uous lighting was provided by a single incandescent bulb
in each pen. Feed and water were provided ad libitum.
All birds received a starter diet containing 22.6% protein
and 3,135 kcal ME/kg for the first 4 wk; thereafter, a
grower diet containing 20% protein and 3,190 kcal ME/
kg was fed. These diets are described in Table 1. At 4 wk
of age, all female chicks were removed, and only male
chicks were included in the experiments. Chicks were
identified with plastic leg bands. Besides experimental
chicks, each pen contained extra male chicks that received
no other treatment. These extra chicks were maintained

5ACTH 1039, Corticotropin A, Sigma Aldrich Fine Chemicals, St.
Louis, MO 63103.

6Model 2001, Alza Corp., Mountain View, CA 94039-7210.

TABLE 1. Composition of the diet

Ingredients Starter diet Grower diet

Yellow corn 53.93 60.44
Soybean meal 37.29 30.94
Pork fat 4.85 4.77
Dicalcium phosphate 1.84 1.88
Limestone 1.21 1.22
Methionine 0.21 0.88
Salt 0.42 0.42
Vitamin-mineral premix1 0.25 0.25
Calculated analysis

ME, kcal/kg 3,135.00 3,190.00
Crude protein 22.60 20.00
Calcium 0.95 0.95
Total phosphorus 0.64 0.61
Available phosphorus 0.44 0.44
Lysine 1.28 1.10

1Supplied per kilogram of diet: vitamin A, 7,700 IU; vitamin D3, 2,194.5
IU; vitamin E, 9.9 IU; menadione sodium bisulfite, 2.70 mg; vitamin
B12, 11 µg; choline chloride, 440 mg; riboflavin, 4.95 mg; niacin, 33 mg;
d-pantothenic acid, 8.75 mg; thiamine, 0.99 mg; folic acid, 544.5 µg;
biotin, 55 µg; pyridoxine, 0.88 mg; iron, 30 mg; zinc, 55 mg; manganese,
60.5 mg; copper, 7.7 mg; iodine, 1.1 mg; and selenium, 0.22 mg.

to minimize social interactions caused by removal of ex-
perimental chicks. All chicks were allowed to acclimate
to their experimental environment for 1 wk before experi-
mentation began. Thereafter, experimental chicks were
treated according to the design of the experiment.

Experiment 1

Three hundred chicks were allocated into 20 pens. Each
pen contained four experimental birds and 11 extra birds.
To validate administration of ACTH by mini-osmotic
pumps, four treatments were used. At 5 wk of age, experi-
mental chicks from each of five pens received one of the
following treatments: ACTH, nonhandled control
(NHCON), surgical sham operation (SMCON), and saline
pump implantation (SALCON).

For ACTH treatment, ACTH5 from a porcine pituitary
source was dissolved in 0.85% saline solution. The dosage
of ACTH was adjusted to 8 IU/kg BW/d. The hormone
was loaded into mini-osmotic pumps.6 These pumps de-
livered ACTH continuously at the rate of 1 µL/h for 7
consecutive d. After being filled with ACTH, pumps were
implanted subcutaneously on the backs of birds. Feathers
and skin of the interscapular tract were sterilized with
betadine, and the area was anesthetized locally by in-
jecting 0.1 to 0.2 mL of lidocaine-HCl just under the skin.
A small incision (about 10 mm in length) was made in
the skin, and a pump was inserted into the opening be-
tween skin and muscle. Finally, this incision was closed
with one or two surgical staples.

The NHCON birds did not receive pumps and were
not sham operated. The SMCON birds were sham oper-
ated (i.e., an incision was made and closed without inser-
tion of a pump). The SALCON birds received surgical
implantation of pumps filled with 0.85% saline solution.

Measurements used to ascertain the stress response in
the first experiment were BW, relative liver weight, and
plasma concentrations of CS, GLU, and CHOL. Each pa-
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rameter was measured immediately prior to implantation
of the pumps (Day 0) and on Days 4, 8, and 12 postimplan-
tation (Days 4, 8, 12, respectively). At each sampling time,
one experimental bird from each pen was measured. In
no case was a bird measured more than once.

Experiment 2

Two hundred forty chicks were allocated into 16 pens,
i.e., eight control and eight ACTH-treated pens. Each pen
contained six experimental birds and nine extras. The
experiment was started when chicks were 6 wk of age.
At this time, experimental chicks designated for ACTH
treatment received a mini-osmotic pump calibrated to
deliver 8 IU ACTH/kg BW/d for 7 consecutive d. The
controls did not receive pumps, nor were they sham op-
erated.

On Days 0, 4, and 7 of Experiment 2, two experimental
chicks were removed from each pen for sample collec-
tions. At no time was a chick sampled more than once.
This design provided for eight replications with two sub-
samples. Thus, 16 ACTH and a like number of controls
were sampled at each measurement time.

In Experiment 2, parameters of measurement were BW
and relative weights of the liver, bursa of Fabricius,
spleen, and third lobe of the thymus on the left side. Liver
moisture, lipid, and soluble protein were also measured.
Blood cell measurements were total erythrocytes (TRBC)
and the ratio of heterophils to lymphocytes (H/L ratio).
Blood chemical constituents that were measured included
CS, GLU, CHOL, triglycerides (TRI), total protein (TP),
and high-density lipoprotein (HDL).

Blood Samples Prepared

Blood samples, collected by cardiac puncture, were
taken within 30 s after each chick was caught. Samples of
approximately 10 mL were collected into syringe-needle
assemblies that had been flushed with a solution of EDTA.
Samples of anticoagulated blood were used for hemato-
logial assays in Experiment 2 but not in Experiment 1.
The TRBC were determined by the microscopic procedure
of Natt and Herrick (1952) and differential leukocyte
numbers were determined by the method of Cook (1959).
After blood cell determinations, a sample of anticoagu-
lated, whole blood was centrifuged at 1,800 × g for 15
min. The plasma was collected and stored at −20 C for
later chemical analysis. Concentrations of all plasma
chemical constituents, with the single exception of CS,
were determined using an autoanalyzer.7 This analyzer
employs enzymatic procedures that have been described
by Elliott (1984). Plasma CS was measured by RIA.

7Ektachem Model DT 60 analyzer, Eastman Kodak Co., Rochester,
NY.

8Diagnostic Products Corp., Los Angeles, CA 90045-5597.
9Packard Instrument Co., Meriden, CT.
10Hewlett Packard 8452A Diode Array Spectrophotometer, Hewlett

Packard, Avondale, PA.

RIA of Plasma CS

Plasma CS concentrations were determined by RIA
with a Coat-a-Count rat corticosterone RIA kit.8 Binding
characteristics of CS are different in rat serum and chick
plasma; therefore, standards were prepared by diluting
2,000 ng/mL CS rat serum included in the kit with
stripped chick plasma. The stripped chick plasma, with
all endogenous steroids removed, was prepared by col-
lecting 200 mL of blood by cardiac puncture. Blood was
centrifuged, and plasma was decanted into a 500-mL bot-
tle. Then 25 g of activated charcoal was added and incu-
bated overnight at 4 C with gentle shaking. Plasma was
centrifuged at 10,000 × g for 10 min and decanted. Another
25 g of charcoal was added and incubated at 4 C overnight
with gentle shaking. Plasma was centrifuged, filtered
through Whatman #3 paper, filtered through a 5-µ filter,
and then filtered through a 0.45-µ filter. The stripped
plasma was aliquoted and stored at −20 C. Assays were
performed by adding 200 µL of plasma samples or stan-
dards in stripped chick plasma to each tube, followed by
1 mL of the 125I-labeled CS that was included with the
kits. The samples were incubated overnight at 4 C. The
unbound label was aspirated, and the remaining radioac-
tivity was counted on a Cobra II Auto Gamma�
counter.9 Inter- and intraassay coefficients of variations
were 12.5 and 10.8%, respectively.

Body and Organ Collection

After blood samples were taken, birds were killed by
cervical dislocation. Body weights, as well as weights of
liver, bursa of Fabricius, spleen, and the third lobe of the
thymus on the left side were recorded. Relative weights
of each organ were calculated. In Experiment 2, liver was
analyzed for moisture, lipid, and soluble protein content.
Liver moisture was determined gravimetrically. Livers
were dried for 24 h at 100 C and then reweighed. Moisture
was calculated by difference and is expressed as a percent-
age of wet liver weight. Total liver lipid was determined
by ethyl ether extraction, as described by AOAC (1980).
Soluble liver protein content was determined spectropho-
tometrically.10 Absorbance at 225 nm was subtracted from
that at 215 nm, according to a procedure described by
Waddell (1956).

Statistical Analysis

The experimental design was a completely randomized
design in both experiments. In Experiment 1, one-way
ANOVA was used to test for treatment effects at each
day of sampling. In Experiment 2, repeated measures
design was used with treatments arrayed in a completely
randomized design in a split-plot in time. All data were
subjected to the general linear models procedure of the
Statistical Analysis System (SAS, 1990). Means were parti-
tioned by least significant difference (Steel and Torrie,
1980). Statements of significance are based on P < 0.05.
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TABLE 2. Validation of the efficacy of administration of adrenocorticotropic hormone (ACTH)
(8 IU/kg BW/d) for 7 d via a mini-osmotic pump in Experiment 1

ACTH (days)
Parameter or
treatment Day 0 Day 4 Day 8 Day 12

Plasma CS,1

ng/mL
ACTH 0.93 ± 0.58a 20.53 ± 0.14a 10.89 ± 4.75a 1.76 ± 0.69a

NHCON2 0.66 ± 0.00a 0.66 ± 0.00b 0.66 ± 0.00b 0.85 ± 0.16a

SMCON 0.66 ± 0.00a 0.66 ± 0.00b 0.70 ± 0.04b 0.69 ± 0.03a

SALCON 0.66 ± 0.00a 0.66 ± 0.00b 0.66 ± 0.00b 1.24 ± 0.58a

Plasma GLU,
mg/dL

ACTH 260 ± 4a 828 ± 140a 789 ± 140a 251 ± 11a

NHCON 250 ± 3a 251 ± 3b 244 ± 3b 242 ± 5a

SMCON 247 ± 6a 260 ± 5b 246 ± 3b 253 ± 8a

SALCON 262 ± 2a 261 ± 4b 246 ± 6b 255 ± 7a

Plasma CHOL,
mg/dL

ACTH 113 ± 2a 200 ± 4a 132 ± 2a 92 ± 7a

NHCON 116 ± 3a 113 ± 5b 92 ± 5a 111 ± 3a

SMCON 102 ± 9a 109 ± 5b 121 ± 3a 115 ± 6a

SALCON 106 ± 6a 134 ± 10b 110 ± 7a 115 ± 7a

BW, g
ACTH 1,689 ± 69a 1,665 ± 101b 1,814 ± 156b 1,514 ± 167b

NHCON 1,747 ± 69a 1,775 ± 112a 2,200 ± 96a 2,668 ± 78a

SMCON 1,701 ± 68a 1,904 ± 52a 2,277 ± 44a 2,600 ± 128a

SALCON 1,645 ± 71a 2,014 ± 124a 2,337 ± 61a 2,505 ± 217a

Relative liver
weight, g/kg BW

ACTH 34.06 ± 0.60a 48.33 ± 5.88a 52.95 ± 2.67a 50.77 ± 6.01a

NHCON 27.82 ± 1.49a 27.26 ± 0.89b 27.67 ± 1.28b 25.89 ± 1.14b

SMCON 31.34 ± 1.58a 26.31 ± 1.29b 26.69 ± 1.71b 28.08 ± 2.23b

SALCON 30.45 ± 1.37a 29.58 ± 1.05b 28.46 ± 0.93b 25.95 ± 0.60b

a,bMeans ± SEM within each column with different superscripts differ significantly (P < 0.05).
1Sensitivity of the assay was 0.66%.
2NHCON = nonhandled control, SMCON = sham control, SALCON = saline control, GLU = glucose, and

CHOL = cholesterol.

RESULTS

Experiment 1

Results from Experiment 1, which was designed to vali-
date efficacy of delivery of ACTH by mini-osmotic
pumps, are shown in Table 2. Overall, among the three
control groups (i.e., NHCON, SMCON, and SALCON),
no differences were observed in BW, absolute or relative

TABLE 3. The effects of continuous delivery of adrenocorticotropic hormone (ACTH) (8 IU/kg BW/d)
for 7 d on BW organ weights in Experiment 1

Days postimplant

Parameter Treatment 0 4 7

BW (g) Control 1,616 ± 20d 1,931 ± 35b 2,155 ± 43a

ACTH 1,718 ± 35cd 1,705 ± 53cd 1,789 ± 63c

Relative liver (g/kg BW) Control 27.40 ± 1.56c 23.45 ± 0.72c 23.61 ± 0.73a

ACTH 24.15 ± 0.95c 47.32 ± 2.04a 39.54 ± 3.00b

Relative spleen (g/kg BW) Control 1.23 ± 0.11bc 1.34 ± 0.09ab 1.54 ± 0.09a

ACTH 1.48 ± 0.07ab 0.83 ± 0.08d 1.11 ± 0.08c

Relative thymus (g/kg BW) Control 0.56 ± 0.12a 0.30 ± 0.02b 0.35 ± 0.04b

ACTH 0.44 ± 0.04ab 0.13 ± 0.01c 0.12 ± 0.02c

Relative bursa (g/kg BW) Control 0.96 ± 0.08a 0.82 ± 0.06ab 0.89 ± 0.07ab

ACTH 0.78 ± 0.07ab 0.50 ± 0.04c 0.51 ± 0.04c

a–dMeans ± SEM within each parameter with no common superscript differ significantly (P < 0.05).

weights of the liver, or plasma levels of CS, GLU, and
CHOL. However, ACTH caused changes in all parame-
ters when compared with the three control groups. Spe-
cifically, BW was decreased, absolute and relative liver
weights were increased, and plasma levels of CS, GLU,
and CHOL concentrations were all increased. All of these
changes were consistent through Day 8 of the experimen-
tal period. By Day 12, all parameters had returned to the
range of values of the three control groups.
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TABLE 4. The effect of continuous delivery of adrenocorticotropic hormone (ACTH) (8 IU/kg BW/d)
for 7 d on liver chemical composition in broiler chicks in Experiment 2

Days postimplant

Parameter Treatment 0 4 7

Moisture (%) Control 73.67 ± 0.74a 73.35 ± 0.40a 74.73 ± 0.24a

ACTH 73.95 ± 0.51a 66.29 ± 0.77c 68.27 ± 1.07b

Lipid (%) Control 2.68 ± 0.16b 2.77 ± 0.19b 2.31 ± 0.13b

ACTH 2.41 ± 0.15b 7.56 ± 0.75a 8.73 ± 1.25a

Soluble protein (%) Control 15.65 ± 0.79a 11.74 ± 0.74b 13.80 ± 0.37ab

ACTH 14.85 ± 0.77a 11.42 ± 1.77b 12.59 ± 0.44ab

a–cMeans ± SEM within each parameter with no common superscript differ significantly (P < 0.05).

Experiment 2

The BW and relative weights of the liver, spleen, thy-
mus, and bursa of Fabricius are shown in Table 3. Control
chicks grew at a normal rate over the 7-d experimental
period and exhibited increases on both Days 4 and 7, as
compared with Day 0. However, ACTH-treated chicks
did not exhibit normal growth, as evidenced by similar
BW at all three times of measurement. As normal growth
did not occur in ACTH-treated birds, their BW at Days
4 and 7 were lower than those of the controls.

Relative liver weights (Table 3) in controls did not differ
over the experimental period; however, those of ACTH-
treated birds were increased at both Days 4 and 7. Relative
liver weights in ACTH-treated chicks showed increases
of 196 and 165% on Days 4 and 7, respectively. Relative
weights of immunobiological organs (i.e., spleen, thymus,
and bursa of Fabricius) were decreased on Days 4 and 7
by ACTH.

Liver moisture, lipid, and soluble protein concentra-
tions (Table 4) did not differ in control chicks over the
course of the experiment. A single exception was that
soluble protein content on Day 4 was lower than that on
Day 0. ACTH treatment, however, caused increases in
lipid concentrations and decreases in moisture concentra-
tions. Specifically, on Days 4 and 7, concentrations of
lipid were elevated, and moisture concentrations were
reduced, as compared with values on Day 0. As in the
controls, soluble protein concentration on Day 4 was
lower than on Day 0.

Results concerning blood cell numbers are shown in
Table 5. The TRBC were not elevated at any time by

TABLE 5. The effects of continuous delivery of ACTH1 (8 IU/kg BW/d)
for 7 d on blood cells of broiler chicks in Experiment 2

Days postimplant

Parameter Treatment 0 4 7

Red blood cells (× 106 cell/mm3) Control 2.01 ± 0.08a 1.69 ± 0.04c 1.73 ± 0.03c

ACTH 1.92 ± 0.05ab 1.83 ± 0.07bc 1.70 ± 0.07c

White blood cells (× 103 cell/mm3) Control 11.31 ± 0.09c 10.72 ± 0.07c 8.75 ± 0.05c

ACTH 13.75 ± 0.09c 29.72 ± 0.39a 22.72 ± 0.31b

H/L ratio Control 0.49 ± 0.06c 0.61 ± 0.03c 0.63 ± 0.10c

ACTH 0.64 ± 0.02c 5.23 ± 1.03a 2.52 ± 0.93b

a–cMeans ± SEM within each parameter with no common superscript differ significantly (P < 0.05).
1ACTH = adrenocorticotropic hormone; H/L = heterophil/lymphocyte.

ACTH treatment; however, there was a decrease in TRBC
over time in both control and ACTH-treated birds. Total
white blood cells and the H/L ratio were increased at
Days 4 and 7 in ACTH-treated chicks, as compared with
the controls.

Blood chemical parameters are summarized in Table
6. Values in controls did not differ over the course of the
experimental period, except for plasma TP levels. On Day
7, plasma TP was higher than that on Day 0 but not that
on Day 4. Also, plasma TP levels on Day 4 were not
different from those on Day 0. ACTH, however, caused
several effects. Plasma levels of all parameters were ele-
vated on Days 4 and 7, as compared with levels on Day
0, except for TRI levels. This parameter did exhibit eleva-
tion on Days 4 and 7, but levels on Day 7 did not differ
from levels on Day 0.

DISCUSSION

Results from Experiment 1 show that no stress-related
changes were caused by any of the control treatments.
Therefore, the NHCON, SMCON, and SALCON proce-
dures are acceptable controls for the ACTH treatment
employed in the present study. A previous report (Davi-
son et al., 1985) supports this conclusion. They found that
neither infusion of saline from implanted mini-osmotic
pumps nor sham surgical implantation procedure caused
stress-related changes.

The results of Experiment 2 indicate clearly that 8 IU
ACTH/kg BW/d delivered by surgically implanted mini-
osmotic pumps in broiler chicks for 7 consecutive d
caused symptoms of physiological stress. Growth, as indi-
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TABLE 6. The effects of continuous delivery of ACTH1 (8 IU/kg BW/d) for 7 d
on plasma chemical constituents of broiler chicks in Experiment 2

Days postimplant

Parameter Treatment 0 4 7

CS (ng/mL) Control 0.88 ± 0.00c 0.96 ± 0.04c 1.32 ± 0.17c

ACTH 1.00 ± 0.10c 46.45 ± 5.44a 14.87 ± 5.62b

GLU (mg/dL) Control 240 ± 3c 235 ± 3c 238 ± 2c

ACTH 247 ± 4c 878 ± 28a 379 ± 65b

CHOL (mg/dL) Control 87.38 ± 3.85c 88.13 ± 2.56c 98.50 ± 1.93c

ACTH 96.50 ± 7.08c 206.63 ± 0.09a 122.13 ± 8.46b

TRI (mg/dL) Control 94.88 ± 14.44b 92.44 ± 7.47b 83.56 ± 12.01b

ACTH 81.25 ± 11.53bc 164.06 ± 14.91a 121.44 ± 14.81b

HDL (mg/dL) Control 63.50 ± 3.09c 69.81 ± 2.14c 75.56 ± 2.27c

ACTH 67.38 ± 5.82c 140.00 ± 6.54a 95.38 ± 8.08b

TP (g/dL) Control 2.90 ± 0.09c 3.14 ± 0.07bc 3.41 ± 0.07b

ACTH 2.96 ± 0.09c 4.09 ± 0.19a 3.96 ± 0.19a

a–cMeans ± SEM within each parameter with no common superscript differ significantly (P < 0.05).
1ACTH = adrenocorticotropic hormone, CS = corticosterone, GLU = glucose, CHOL = cholesterol, TRI =

triglycerides, HDL = high-density lipoproteins, and TP = total protein.

cated by BW changes, was terminated during the stress
period. Liver weight increased, and this increase was
apparently due to concomitant accumulations of lipid.
Because liver, rather than adipose tissue, is the major site
of fatty acid synthesis in chickens (Leveille, 1969), an
accumulation of hepatic lipid content is not unexpected
because of the metabolic effects of elevated levels of en-
dogenous CS.

The ACTH caused no changes in TRBC numbers. This
result is in agreement with the previous work of Siegel
(1968) that neither cortisol nor ACTH influenced hemato-
crits of young chicks. A shift to the right in H/L ratio was
pronounced in birds treated with ACTH. These results are
in agreement with the previous report of Siegel (1968).
As indicated by Gross and Siegel (1983), the H/L ratio was
elevated by ACTH throughout the experimental period.

Decreases in relative weights of lymphoid tissues after
ACTH treatment are in agreement with previous reports
(Siegel, 1962a; Glick, 1967; Davison et al., 1985). Although
evaluations of humoral and cell-mediated immune func-
tions were not conducted, based upon the hematological
and lymphoid tissue changes, it is predictable that chicks
of the present study experienced extensive immunosup-
pression (Thaxton et al., 1968, 1982).

Evaluations of plasma levels of CS, GLU, CHOL, and
TP are in agreement with metabolic changes associated
with stress in chickens (Siegel, 1995). The findings of ele-
vations in TRI and HDL at Days 4 and 7, coupled with
previous findings of Gould and Siegel (1985) that HDL
and very low-density lipoprotein were not elevated at 12
to 18 h post-ACTH treatment, indicate that additional
work is needed to understand lipid metabolism during
physiological stress in chickens.

In summary, continuous delivery of ACTH caused
marked changes in all parameters measured. This study
is the first one in chickens in which all of the expected
stress changes occurred simultaneously. Although addi-
tional work on the dosimetry of ACTH used is required,
the results from this study demonstrate that continuous

delivery of ACTH by mini-osmotic pumps is an excellent
model to study stress in chickens.
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