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The effects of single injections and daily oral ad-

ministration of ethanol on plasma levels of ACTH, beta

endorphin, and corticosterone in response to cold stress

were examined. The long-term experimental animals were

given 0.25 ml of 28% ethanol or water orally once a day,

five days a week, for fourteen months. Plasma levels of

ACTH, beta endorphin, and corticosterone were lower in

alcohol-treated rats as compared with water-treated rats

when exposed to cold stress. The effects of a single

injection of ethanol significantly elevated plasma levels

of all three hormones. Mortality in sham-treated males was

higher than ethanol-treated.
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INTRODUCTION

The study of ethanol (ETOH) effects on pituitary and

adrenal secretion in experimental animals is a convenient

way to evaluate claims made by various sources over the

centuries that moderate alcohol use is beneficial (33),.

The hypothalamic-pituitary-adrenal axis (HPA axis) is a

system directly involved with neural responses to stress

(5); and is thus a valid system to examine in order to

evaluate the effect of ethanol on physiological stress.

Specific Definition and Characterization

of Physiological Stress

In this study, the definition of stress is consistent

with the General Adaptation Syndrome (G.A.S.) concept of

Selye (28). According to Selye, a sudden and or severe

change in the environment evokes changes in animal pitui-

tary-adrenal axis activity, of which he categorizes into

three basic stages. The first stage is the Alarm Reaction

which occurs when an animal perceives a threat. Adaptation

to the stressor is achieved during the second stage of

Resistance. The animal will reach the third stage, the

State of Exhaustion, if the stressor is severe or remains

for a relatively long period of time. Acquired adaptation

is lost at this point and death may follow.
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Application of a stressor increases the frequency

of excitatory inputs to the hypothalamus from numerous

areas of the brain. The dorsomedial parvocellular part of

the paraventricular nucleus is a specific area of the hypo-

thalamus that receives and responds to stressful stimuli by

releasing a neuropeptide called corticotropin releasing

factor (CRF) (29). CRF is transported down axons to the

neurohemal zone of the median eminence, where it is then

released into the hypophyseal portal system to be further

transported to the anterior pituitary. At the anterior

pituitary, CRF acts on corticotropic cells to stimulate

production and release of products arising from the

proopiomelanocortin (POMC) gene (29). The POMC gene gives

rise to the POMC peptide which is cleaved to form adreno-

corticotropic hormone (ACTH), beta endorphin (p-END), beta

lipotropin, alpha and beta melanocyte stimulating hormone,

and enkephalin. ACTH travels from the anterior pituitary

via the blood stream to the adrenal cortex to stimulate the

production and release of corticosterone. Corticosterone

is released into the blood stream to carry out functions to

adapt to stress.

Physiology of ACTH, Beta endorphin,

and Corticosterone

ACTH in rats is a 39 amino acid peptide produced in

the anterior pituitary and acts on the adrenal cortex via

a specific membrane bound receptor to activate adenylate



3

cyclase which in turn catalyzes the production of cAMP from

ATP. cAMP then acts as a second messenger to indirectly

increase corticoid synthesis via activation of specific

protein kinases (19).

Corticosterone is a steroid hormone which appears to

have no demonstrable function in non-stress situations.

During times of stress, corticosterone (cortisol in humans)

is released from the adrenal cortex to stimulate the mobil-

ization of fatty acids, hyperglycemia, and gluconeogenesis.

Corticosterone reduces inflammation, protein synthesis, and

the further release of CRF and ACTH. It is postulated that

the main action of corticosterone and other glucocorticoids

is to suppress mediators of the body's defense mechanism to

avoid their overshooting and creating a pathological state

(19).

Beta endorphin is a neuropeptide secreted from various

areas of the brain in response to stress (31). One major

action of endorphins is analgesia via its agonistic action

on opiate receptors. Beta endorphin increases the rate of

corticosterone synthesis and also enhances locomotor ac-

tivity (19).

Interaction of Ethanol and Stress

The importance of studying the effects of ETOH on the

HPA axis stems from the fact that there is significantly

limited data available on this sort of research, and also

that the HPA axis has been implicated in the studied
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pathogenesis of hypertension (32), anorexia nervosa (28),

and is involved with mediation and secretion of leutein-

izing hormone (LH), follicular stimulating hormone (FSH),

prolactin (PRL), and various other constituents that are

involved in daily regulation of vital physiological

functions (31). The intent of this study was to supply

information on the effects of long term intake of moderate

doses of ethanol on the HPA axis via secretion of ACTH, P-

endorphin, and corticosterone. It is important to note

that this particular definition of "long term" (14 mos)

infers ETOH consumption over half the lifetime of a rat.

Levels of stress were measured from rats receiving a

single injection of ethanol (saline for control groups)

prior to stress period (cold environment) as well as from

rats receiving daily administration. Levels of ACTH and P-

endorphin were measured using an equilibrium radioimmuno-

assay technique. Corticosterone levels were monitored

using fluorometry. Mortality was also monitored.

In summary, the aims of this study were to determine

if long-term consumption of moderate amounts of ethanol

would effect the response to cold stress, determine if ETOH

has significant effects on anterior pituitary activity with

and without cold stress, examine any differences between

factors of sex and age, observe any changes in mortality,

and provide data that might explain the reported benefits

of ethanol on humans.



METHODS AND MATERIALS

Rats

A total of 174 male and female Sprague-Dawley rats

(Southwest Breeder Laboratory, Midlothian, TX) were used in

all experimental procedures. Animals were sexed, housed

four per cage, fed Purina Lab Chow and water ad libitum,

and placed on a twelve hour light-dark cycle. Blood donor

rats were obtained from same laboratory and maintained at

same conditions as experimental rats.

Preparation of Jugular and

Intraperitoneal Cannulas

Jugular and intraperitoneal cannulas were prepared

according to the method of Harms and Ojeda (10), which

consists of a 10 cm length of Silastic brand silicon medical

grade tubing (0.05 cm i.d., 0.09 cm o.d.) looped through a

rectangular Silastic silicon sheet (1 x 3 cm, 0.02 cm thick)

that was perforated longitudinally twice to form three

sections of equal size. Section one was folded over

section two and fixed with Silastic brand adhesive type A.

The adhesive was allowed 24 hours to dry and then the

cannula was trimmed to suit the size of the rat.

The implantation needles were constructed by removing

the hubs of 2.5 cm, 20 gauge and 1.9 cm, 23 gauge hypo-

dermic needles, milling the beveled portion of the 23 gauge

5
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needle and inserting the beveled end into the blunt end of

the 20 gauge needle. The 20 gauge needle was then bent to

form a 450 angle. The 26 mm end of the Silastic tubing was

then placed over the blunt end of the 23 gauge needle. The

implantation procedure consisted of anesthetizing rats with

ether and making a 20 mm longitudinal incision approximate-

ly 12 mm lateral to the midline just below the neck in the

area where the jugular vein passes dorsal to the pectoralis

major muscle. The implantation needle connected to the

cannula is grasped with a pair of hemostats and inserted 5

mm cephalad to the pectoralis major into the lumen of the

vein and then ventrally out through the muscle. The free

end of the cannula was then connected to a syringe filled

with heparin (200 units/cc). The implantation needle was

disconnected and the cannula was gently pulled cephalad

until the freed end rested inside of the lumen of the vein.

This was confirmed when blood filled the tubing. The

tubing was advanced caudally toward the heart and the

cannula was anchored by suturing the number 3 perforation

of the sheet to the pectoralis major muscle with 00 silk

suture. Blood in the cannula was flushed with heparin

followed by disconnecting the syringe. A 5 cm, 16 gauge

hypodermic needle was passed subcutaneously from the dorsal

aspect of the neck to the incision which served as an exit

from the body for the freed end of the cannula. The tubing

was fed through the needle to the outside where the needle



7

was removed followed by filling the tube with isotonic

saline. The tube was tied using a bow knot to prevent

blood loss from tube and to also aid in anchoring it out-

side of the body. The exposed internal areas were lightly

coated with a triple antibiotic ointment and the incision

was closed.

The intraperitoneal cannulas were constructed in the

same manner as the jugular cannulas. The implantation pro-

cedure consisted of making a small incision (approximately

10 mm) 2-5 mm lateral from the mid-line, in the area of the

stomach. The layers of muscle were carefully cut to expose

the intraperitoneal cavity. The 26 mm end of the cannula

was inserted into the cavity and anchored by suturing the

Silastic sheet to the abdominal muscles. The other end of

the cannula was fed through a 16 gauge needle inserted

through the skin to the outside of the body. Internal

areas exposed were treated with a triple antibiotic

ointment and the incision was closed with staples. One

hour before the experiment, a 30 cm length of PE 50 tubing

filled with injectable fluid was connected to the cannula

via a de-hubbed 23 gauge needle. The PE 50 tubing was then

fed through the top of the cage and allowed to hang over

the side of the cage. The injection procedure consisted of

connecting a syringe with a milled 23 gauge needle and

slowly administering the desired amount.
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Blood Sampling Protocol

The blood sampling procedure referred to in the cate-

of experiments denotes blood being withdrawn from the

jugular vein via a chronically (permanent) implanted

cannula. The initial sample consisted of 1 ml of whole

venous which was replaced by venous blood from donor rats

corresponding to the same age, sex, and time of day of

sampling (9:00 a.m. - 10:00 a.m.). The initial sample was

analyzed for plasma concentrations of ACTH, beta endorphin,

and corticosterone. A second sample taken ten minutes post

initiation of stimuli (cold environment, ethanol injection,

or saline injection) consisted of 0.8 ml of venous blood

which was analyzed for plasma ACTH and beta endorphin. A

third sample, taken thirty minutes post initiation of

stimulus, consisted of 0.2 ml of whole venous blood used

for analysis of plasma corticosterone. Blood samples were

collected between 9:00 a.m. and 10:00 a.m. One hour prior

to sampling, a 25 cm length of PE 50 tubing filled with

EDTA (1.4 mg/ml whole blood) was attached to the cannula by

a de-hubbed 23 gauge hypodermic needle. The PE tubing was

passed through a hole at the top of the cage and allowed to

reside outside the cage. The looped knot on the cannula

was untied and the rat was left undisturbed for one hour.

Sampling was performed by attaching a syringe filled with

EDTA (1.4 mg/ml whole blood) to the PE 50 tubing. EDTA was



9

injected (0.1 ml) and blood was withdrawn. The blood

samples were centrifuged at 760G for 20 minutes and ex-

tracted plasma was stored at -200C for later analysis.

Experimental Grouping

Rats were grouped into seven different categories of

experiments. Group one was a control group consisting of

six each of two month and sixteen month males and females,

comprising a total of 24 rats. The control group received

no daily oral alcohol or water. Cannulas were implanted

and three blood samples were taken, with no stimulus given,

according to the blood sampling protocol.

Group two consisted of six each of two month and six-

teen month males and females, comprising a total of 24

rats. This group received no daily oral alcohol or water.

Cannulas were implanted and initial blood samples taken

followed two minutes later by a saline injection (0.25 ml,

0.98%) via an intraperitoneal cannula. Ten and thirty

minute samples were taken post injection.

Group three consisted of six each of two month and

sixteen month males and females, comprising a total of 24

rats. These rats received no daily oral alcohol or water.

Cannulas were implanted and initial blood samples were

taken followed two minutes later by an ethanol injection

(0.25 ml, 28%) via an i.p. cannula. A ten and thirty

minute sample was taken post injection.
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Group four consisted of 24 rats grouped the same as

groups one, two, and three. These rats received no daily

oral alcohol or water. Cannulas were implanted and initial

blood samples were taken. Two minutes later, rats were

placed in a cold environment (-150C, 10 min). Blood

samples were taken ten and thirty minutes post initiation

of cold stress.

Group five consisted of 24 rats grouped the same as

all other previous groups. Cannulas were implanted and

initial samples were taken followed two minutes later by an

injection of ethanol (0.25 ml, 28%). Two minutes post

injection, rats were subjected to cold stress (-150 C, 10

min). Ten and Thirty minute samples were taken post

initiation of cold stress.

Group six consisted of ten 16 month old males and

thirteen 16 month old females. These rats were given water

(0.25 ml) orally through a glass syringe once a day for 5

days a week. Administration began at the age of two months

and ended approximately fourteen months later. Cannulas

were implanted and initial samples were taken followed two

minutes later by initiation of cold stress. Ten and thirty

minute samples were taken post initiation of cold stress.

Group seven consisted of fourteen 16 month old males

and fourteen 16 month old females. This group began

receiving ethanol orally through a glass syringe (0.25 ml,

28%) 5 days a week at two months of age. The
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administration period lasted for approximately fourteen

months. At sixteen months of age, cannulas were implanted

and initial blood samples were taken two minutes post

initiation of cold stress. Ten and thirty minute samples

were taken post initiation of cold stress.

Plasma Analysis

Plasma analysis of ACTH was performed using radio-

immunoassay (RIA). Materials were purchased from Inc. Star

(Cat. #24130). The tubes (12 mm x 75 mm) were numbered,

set up on crushed ice, and divided into four groups. Table

1 summarizes the procedure. Counts per minute (CPM) were

obtained using a gamma counter. A calibration curve was

obtained by plotting the extent of binding against the

stated concentrations of the calibration standards as seen

in Figure 1. Percent bound was calculated by taking the

difference of the counts/min of the standard or unknown

sample and NSB (non specific binding), dividing this by the

difference of the CPM of the 0 standard and NSB, then

multiplying the entire result by 100 to obtain percent

bound.

Plasma analysis of beta endorphin was performed by

RIA. Materials were purchased from Inc. Star (Cat. #46130).

The assay procedure consisted of first performing an

affinity extraction followed by the actual RIA procedure.

The extraction consisted of labeling chromatography columns

for each standard, control, unknown sample, and non-
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Table 1. Protocol for ACTH radioimmunoassay. Top row
represents various categories for grouping of
tubes. Left column denotes solutions added to
various groups in indicated amounts.



13

Table 1.

Total Standards Control
Count NSB pg/ml and

Unknowns
0 12-254

1% BSA-borate 200l 200l

Standards 200l

Extracted
control and 200l
unknowns

Rabbit anti-
p-endorphin 100l
serum

Vortex, incubate 24 hrs at 20 C

1251 8-endorphin 10OAl

Vortex, incubate 24 hrs at 20 C

Goat anti-rabbit
precipitating 500l
complex

Vortex, incubate 2 hrs at 20 C

Centrifuge at 760g for 20 min
at 220 C. Decant supernate.

Count each tube for 60 seconds.
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Figure 1. ACTH calibration curve using a two cycle semi-log
scale. Standards were assayed in duplicate.
Average recovery range was 89%.
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Figure 1.
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specific binding (NSB). 0.5 ml of suspended sepharose

particles were added to each of the columns and the super-

natant was allowed to drain through the columns. The

bottom of the columns were capped and 0.2 ml of standard or

unknown was added. 0.2 ml of 0 standard was added to the

NSB column. The tops of each column were then covered and

all samples were rotated end over end for four hours at 20 C.

Columns were then removed and the top and bottom of each

were opened, allowing the samples to drain. Each column

was washed 3 times with 1 ml aliquots of 0.85% saline. The

columns were then placed into 16 mm x 100 mm tubes and the

p-endorphin was eluted by rinsing the entire surface of the

lower column with 250 l of 0.025 N HCl. The HCl elution

step was then repeated. 'The eluate was mixed well and

placed on crushed ice for immediate assay. Table 2

summarizes the RIA procedure. CPM were obtained using a

gamma counter. A calibration curve was obtained by

plotting the extent of binding versus standard concen-

tration as observed in Figure 2. The percent bound was

calculated by dividing the difference between the CPM of

the standard or unknown and the CPM of NSB by the

difference of the CPM of the 0 standard and the CPM of NSB.

This result was multiplied by 100 to obtain percent binding.

Plasma corticosterone levels were determined using the

microfluorometric method of Glick et a (6). 60 Al samples

of unknown or standard were diluted with 40 Al of saline to



17

Table 2. Protocol for P-endorphin radioimmunoassay. Top row
represents various categories for grouping of
tubes. Left column denotes solutions added to
various groups in indicated amounts.
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Table 2.

Total Standards Control
Count NSB pg/ml and

Unknowns
0 10-473

0 Standard 100l 100l

Standards 100l

Control and
Unknowns 10041

Rabbit anti-
ACTH serum 2004A

125I ACTH 200l

Vortex, incubate 24 hrs at 20C

Goat anti-rabbit
precipitating 500l
complex

Vortex, incubate 25 min at 250C

Centrifuge at 760g for 20 min
at 220 C. Decant supernate.

Count each tube for 60 seconds.
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Figure 2. P-endorphin calibration curve using two cycle semi-
log scale. Standards were assayed in duplicate.
Average recovery was 91%.
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Figure 2.
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a total volume of 100 pl. Samples were placed into 1 ml

glass cuvettes with water used as a blank. 300 Al of

2,2,4-trimethylpentane (iso-octane, spectrophotometric

grade) was added to each tube and vortexed. The tubes

were then centrifuged at 5000 rpm for twenty minutes. The

iso-octane layer was removed by aspiration, followed by

addition of 600 A1 of chloroform to each tube. The tubes

were vortexed and centrifuged at 5000 rpm for twenty

minutes. The aqueous layer was aspirated and discarded.

50 pl of 0.1 N NaOH was added to each tube followed by

centrifugation at 5000 rpm for ten minutes. The aqueous

layer was aspirated and discarded. 500 pl of the

chloroform solution was then transferred to a 1 ml glass

tube containing 200 pl of a sulfuric acid-ethanol solution

(1.75 ml of absolute ethanol upon addition of 3.25 ml of

sulfuric acid in an ice bath, prepared fresh). The tubes

were vortexed and centrifuged at 5000 rpm for ten minutes.

60 pl of the acid layer (bottom) was transferred to

cuvettes and incubated at room temperature for 45 minutes.

Fluorometer readings were carried out with a Model 110

Turner Fluorometer. The primary filter was a Corning No.

47-B, and the secondary filter Corning No. 2A-12. Figure

3 displays the corticosterone calibration curve, with an

average recovery of 95%.
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Figure 3. Corticosterone calibration curve using the micro-
fluorometric method. Average recovery range was
93%.
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Figure 3.
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Statistical Analysis

Multivariate analysis of variance (MANOVA) was used to

analyze differences of mean plasma hormone concentration

changes in each group and also among groups. The

statistical method for determining significance of mor-

tality rates was Chi-square.



RESULTS

The following data are presented in the form of bar

graphs that depict mean plasma levels of ACTH, p-endorphin,

and corticosterone under various conditions. The data in

Tables 3, 4, and 5 were analyzed using MANOVA. Pre and

post samples were compared within a given group. Data in

Table 6 were analyzed using Chi-square.

Figure 4 shows the effect of jugular cannulation and

blood sampling on 2 month and 16 month males and females.

Statistical analysis shows that there is no significant

effect of procedure alone on males or females.

Figure 5 shows the effect of a single saline injection

on hormonal response. Statistical analysis shows no

significant effect of saline on ACTH, beta endorphin,

or corticosterone plasma levels on two month or sixteen

month males or females.

Figure 6 shows the effect of a single ethanol in-

jection. In this case, there was a significant (pr > f =

0.0001) increase in all three hormones, the effect being

greater in the two month males and females than in the

sixteen month males and females.

Figure 7 depicts the effect of cold stress. As

expected, there was a significant increase in all three

hormones with a greater response from the sixteen month old

25
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Table 3. Effects of single saline injections (0.25 ml, 0.98%
i.p.), single ethanol injections (0.25 ml, 28%
i.p.), cold stress (--150C, 10 min), and single
ethanol injections (0.25 ml, 28% i.p.) followed two
minutes later by cold stress (-15 0 C, 10 min) on
plasma levels of ACTH! in rats. Each group
represents the mean of 6 rats + sem. Double
asterisks (**) represent a significant increase in
mean post response in group C as compared to mean
pre sample within the group. In group E, double
asterisks indicate a significant reduction in mean
post response as compared to mean post response of
control cold stress group (group D). Level of sig-
nificance was pr > f = 0.0001, utilizing multi-
variate analysis of variance statistical test.



27

Table 3.

I. Two Month Old Rats

Male Female

# Pre SE Post SE %A # Pre SE Post SE %A*

Untreated 6 43 1.2 43 1.3 0 6 42 1.4 43 1.6 2

Saline inject 6 44 1.6 45 0.7 2 6 44 1.6 45 1.4 2

Etoh inject 6 43 0.9 88 2.1 104** 6 43 1.7 87 2.1 104

Cold stress 6 44 1.8 234 1.3 429 6 44 1.4 233 2.3 431

Etoh inject,
cold stress 6 43 1.8 223 1.6 411 6 43 1.1 224 1.5 418

II. Sixteen Month Old Rats

Male Female

# Pre SE Post SE %i # Pre SE Post SE %A

Untreated 6 44 1.8 44 1.9 0 6 45 0.8 45 0.5 0

Saline i nject6 43 1.7 44 1.2 4 6 43 1.2 44 0.8 4

Etoh inject 6 42 1.3 75 2.5 79 6 43 1.5 78 1.6 81

Cold stress 6 43 1.4 246 2.3 472 6 43 1.0 245 1.2 470

Etoh inject,*
cold stress 6 43 1.6 229 1.3 433 6 43 1.0 232 1.6 440

%A= Pre - Post / Pre x 100
pr > f = 0.0001, MANOVA
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Table 4. Effects of single saline injections (0.25 ml, 0.98%
i.p.), single ethanol injections (0.25 ml, 28%
i.p.), cold stress (-15 0C, 10 min), and single
ethanol injections (0.25 ml, 28% i.p.) followed two
minutes later by cold stress (-15 0 C, 10 min) on
plasma levels of p-end in rats. Each group (A-E)
represents the mean of 6 rats + sem. Double
asterisks (**) represent a significant increase in
mean post response in group C as compared to mean
pre sample within the group. In group E, double
asterisks indicate a significant reduction in mean
post response as compared to mean post response of
control cold stress group (group D). Level of sig-
nificance was pr > f = 0.0001, utilizing multi-
variate analysis of variance statistical test.

, , I
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Table 4.

I. Two Month Old Rats

Male Female

# Pre SE Post SE % # Pre SE Post SE %A*

Untreated 6 23 1.3 23 1.2 0 6 23 1.1 24 0.9 4

Saline inject 6 23 1.5 25 0.0 9 6 24 0.9 25 0.8 4

Etoh inject 6 22 1.3 48 1.53.8 6 24 1.8 47 1.5 96

Cold stress 6 24 0.5 164 1.3 583 6 24 1.3 163 1.6 579

Etoh inject
cold stress 6 23 1.6 152 1.7 561 6 23 1.3 157 2.1 583

II. Sixteen Month Old Rats

Male Female

# Pre SE Post SE %A* # Pre SE Post SE %A*

Untreated 6 23 0.8 23 0.7 0 6 24 1.0 25 0.8 4

Saline inject 6 23 1.5 24 1.2 4 6 22 1.9 24 2.5 9

Etoh inject 6 22 1.5 35 1.6 59 6 23 1.7 37 2.2 61

Cold stress 6 24 1.0 175 3.0 629 6 23 0.8 175 3.0 661

Etoh inject,*I
cold stress 6 23 1.1 161 1.9 600 6 23 1.0 163 1.8 609

%A Pre - Post / Pre
**pr > f = 0.l0001, MANOVA

I



30

Table 5. Effects of single saline injections (0.25 ml, 0.98%
i.p.), single ethanol injections (0.25 ml, 28%
i.p.),, cold stress (-15 0C, 10 min),, and single
ethanol injections (0.25 ml, 28% i.p.) followed two
minutes later by cold stress (-151C, 10 min) on
plasma levels of corticosterone in rats. Each group
(A-E) represents the mean of 6 rats + sem. Double
asterisks (**) represent a significant increase in
mean post response in group C as compared to mean
pre sample within the group. In group E, double
asterisks indicate a significant reduction in mean
post response as compared to mean post response of
control cold stress group (group D). Level of sig-
nificance was pr > f = 0.0001, utilizing multi-
variate analysis of variance statistical test.
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Table 5.

I. Two Month Old Rats

Male Female

# Pre SE Post SE %A # Pre SE Post SE %A

Untreated 6 7 1.0 7 1.0 0 6 7 1.4 7 1.4 0

Saline inject 6 8 1.4 8 0.8 0 6 8 0.8 8 1.1 0

Etoh inject 6 7 0.8 16 1.5 128* 6 8 1.7 15 2.6 87**

Cold stress 6 7 1.4 85 1.2 1114 6 7 1.1 85 1.6 1114

Etoh inject,
cold stress 6 7 1.7 74 2.0 957 6 8 1.5 78 1.7 875

II. Sixteen Month Old Rats

Male Female

# Pre SE Post SE %A* # Pre SE Post SE %A*

Untreated 6 8 1.2 8 1.2 0 6 8 1.2 9 1.3 0

Saline inject 6 7 1.0 8 1.6 14 6 7 1.1 8 1.7 14

Etoh inject 6 7 1.2 12 1.4 71** 6 7 1.7 14 1.4 100**

Cold stress 6 7 1.2 91 2. 1 1200 6 8 1.4 90 1.3 470

Etoh inject,
cold stress 6 8 1.4 77 2.1 862 6 8 0.8 83 1.9 937

%A= Pre - Post / Pre x 100
pr > f = 0.0001, MANOVA
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Table 6. The effects of long-term (14 mos), moderate oral
ethanol intake (0.25 ml, 28%, 5 days/week) on
plasma levels of ACTH, f-end, and corticosterone
in response to cold stress (-15 0C, 10 min) . Sham
groups received water (0.25 ml) under exact con-
ditions as ethanol group. Asterisks represent a
significant reduction in mean post responses as
compared to mean post responses of sham groups
corresponding to the same sex. Level of sig-
nificance was pr > f = 0.0001. Multivariate
analysis of variance was statistical test employed.
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I. Mean Plasma ACTH (pg/ml)

Male Female

# Pre SE Post SE %A*# Pre SE Post SE %A

Sham rats
given cold 11 44 2.0 246 1.8 459 13 44 1.1 246 1.8 459
stress

Ethanol rats
given cold 14 54 1.3 213 2.4 294** 14 51 1.9 218 2.1 327
stress

II. Mean Plasma #-endorphin (pg/ml)

Male Female

# Pre SE Post SE % # Pre SE Post SE %A*

Sham rats
given cold 11 24 1.6 175 3.2 629 13 25 0.8 176 2.6 604
stress

Ethanol rats
given cold 14 33 1.9 145 1.5 530** 14 32 1.5 153 2.0 378
stress

III. Mean Plasma Corticosterone (pg/lOOml)

Male Female

# Pre SE Post SE%A # Pre SE Post SE %A*

Sham rats
given cold 11 8 1.7 91 1.6 1038 13 7 1.5 91 2.0 1200
stress

Ethanol rats
given cold 14 16 1.3 70 2.4 343 14 16 1.2 72 1.7 350**
stress

%A Pre - Post / Pre x 100
**pr > f = 0.0001, MANOVA
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Figure 4. The effects of experimental protocol (surgery,
handling, and blood sampling) on plasma levels
of ACTH, a-end, and corticosterone plasma levels
in rats. Pre samples were 1 ml. Post samples
(10 min after pre sample) consisted of 0.8 ml
of whole venous blood for analysis of ACTH and
#-end. Post samples for corticosterone (30 min
after pre sample) consisted of 0.2 ml of whole
venous blood. Each group represents the mean of
6 rats + sem.
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Figure 4.
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Figure 5. The effects of a single saline injection (0.25 ml,
0.98% i.p., 2 min after pre sample) on plasma
levels of ACTH, #-end, and corticosterone in rats.
Pre samples were 1 ml. Post samples (10 min after
injection) consisted of 0.8 ml for analysis of
ACTH, and #-end. Post samples for corticosterone
(30 min after injection) consisted of 0.2 ml.
Each group represents the mean of 6 rats + sem.
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Figure 5.
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Figure 6. The effects of a single ethanol injection
(0.25 ml, 28% i.p., 2 min after pre sample) on
plasma levels of ACTH, p-end, and corticosterone
in rats. Pre samples were 1 ml. Post samples
(10 min post injection) consisted of 0.8 ml for
analysis of ACTH and p-end. Post samples for
corticosterone (30 min after injection) consisted
of 0.2 ml. Each group represents the mean of 6
rats + sem. Asterisks represent a significant
(pr > f = 0.0001, MANOVA) increase as compared to
pre samples within groups.



39
Figure 6.

120

E

80

40

20

c

"a

c

22 0

V

2

0

% 40

16mod 2mo9 16 mo9

=r Post

*N*

K

*

X *

2 moe" 16 mo e 2 mo 9 16 mo*

N N

* xK TT_

21

0

0

V)

(0

14

7

0
2mo

=~Pre



40

Figure 7. The effects of cold stress (-15 0 C, 10 min) on
plasma levels of ACTH, #-end, and corticosterone
in rats. Pre samples (2 min before initiation of
cold stress) were 1 ml. Post samples (10 min post
initiation of stress) were 0.8 ml for analysis of
ACTH and a-end. Post samples for corticosterone
(30 min post initiation of stress) were 0.2 ml.
Each group represents the mean of 6 rats + sem.
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Figure 7 .
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males and females.

Figure 8 shows the effect of a single ETOH injection

on the cold stress response. Results show a significant de-

crease (pr > f = 0.0001) in response to cold stress as com-

pared with the post response from control cold stress rats.

This change was greater in 16 month old males and females

than in 2 month males and females.

Figure 9 summarizes the effects of moderate daily

intake of ethanol and water on hormone levels in response

to cold stress. Results show that the post response of the

ethanol rats was significantly different (pr > f = 0.0001)

from the post response of the sham group.

Tables 3, 4, 5, and 6 are a summary of hormone re-

sponses to various stimuli from Figures 6 through 11.

Table 7 shows the effect of ETOH on mortality. All

deaths appeared to have been due to pneumonia. There was

not a statistically significant difference in female

mortality; however, the difference in male mortality was

statistically significant.

Autopsy of the sham and alcohol rats showed no

differences with the exception of slight irritation of the

lining of the stomach and lungs in the alcohol group.
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Figure 8. The effects of a single ethanol injection
(0.25 ml, 28%, i.p., 2 min after pre sample) on
ACTH, fl-end, and corticosterone plasma levels in
response to cold stress (-15oC, 10 min). Pre
samples were 1 ml, post samples (10 min post
initiation of cold stress) were 0.8 ml for analy-
sis of ACTH and #-end (RIA). Post samples for
corticosterone (30 min after initiation of cold
stress) were 0.2 ml (fluorometry). Each group
represents the mean of 6 rats + sem. Asterisks
represent significant (pr > f = 0.0001, MANOVA)
reduction as compared to control stress groups.
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Figure 9. The effects of long-term (14 mos) moderate oral
ethanol intake (0.25 ml, 28%, 5 days/week) on ACTH,
p-end,and corticosterone plasma levels in response
to cold stress (-150C, 10 min) . Ethanol adminis-
tration, water for sham group, began at 2 months of
age. Pre-stress samples were 1 ml, post samples
(10 min post initiation of cold stress) were 0.8 ml
for analysis of ACTH and p-end (RIA). Post samples
for corticosterone (30 min after initiation of cold
stress) were 0.2 ml (fluorometry). Group means +
sem stem from the following populations: d etoh,
n=13; 9 ethanol, n=14; d sham, n=11; 9 sham, n=12.
Asterisks represent signifificant (pr > f = 0.0001,
MANOVA) reduction as compared to sham group.
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Figure 9.
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Table 7. The effect of long term (14 mos) moderate oral
ethanol intake (0.25 ml, 28%, 5 days/week) on
mortality of male and female rats. Sham group
received water (0.25 ml) orally on same schedule
under same conditions. Method of statistical
analysis was Chi-square. Asterisk indicates
significant (P < 0.05) deviation from the ex-
pected value.
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Table 7.

Male Female

Sham Etoh Sham Etoh

Initial number of
animals 16 16 16 16

Expected number
dying before reaching 1.68 1.68 0.8 0.8
16 months of age

Observed number dying
before 16 months of 5 2 3 2
age

P < 0.05

pis-.qw FTww----



DISCUSSION

Since the purpose of this study was to examine the

effects of moderate amounts of ETOH on HPA axis activity,

a careful definition of moderate ingestion had to be formu-

lated. Moderate intake was defined based on Turner's (32)

conclusion that the upper limit of moderate intake in

humans is 0.8 gm/kg body weight/day, and the fact that in-

toxication begins at a blood ethanol level of 0.14%.

The exact dosage was 0.25 ml of 28% ethanol five days a

week, an equivalent to two ounces of 85 proof alcohol per

day for a 72 kg man. Experimental animals in this study

were receiving approximately 0.1 to 0.3 gm of ETOH/kg body

weight, well within the range of moderate drinking.

Rats were force-fed ethanol daily to be certain they

did not overconsume. Rats fed an ETOH solution ad libitum

tend to drink more, also, some rats tend to drink more than

others (33). The dosage of ethanol administered was kept

constant throughout the experimental period, neglecting to

take into account sex and body weight. The amount of ETOH

consumed per day for the human social drinker remains

constant regardless of body weight, age, or sex (11).

Blood samples were taken between 9:00 and 10:00 a.m.,

during the mid-morning trough in the circadian rhythm of

pituitary and adrenal hormones (19). It has been shown

49
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that application of a stressor results in a more dramatic

change in HPA axis activity during this trough period (22).

Plasma levels of ACTH, beta endorphin, and corti-

costerone demonstrated similar responses in control and ex-

perimental rats, with the overall effect of ethanol alone

mimicking a slight stress response. These data are con-

tinuous with that of Rivier (27), Kakihana (13), and Knych

(16). Results from Williams (33) were similar with the

exception that her concentrations of plasma corticosterone

were lower post cold stress. This discrepancy is probably

due to the interaction of pentobarbital used in her experi-

ments during blood sampling, since it has been demonstrated

that anesthetics lower corticosterone levels (24). The

presented data are in disagreement with Ratcliffe (25),

Lester (7), and Chakroborty (18).

Results indicated that the effects of procedure and

saline injection had no significant effect on pituitary or

adrenal secretion. The effect of an initial challenge of

ethanol on ethanol naive rats demonstrated a significant

increase in all three hormones. The effect was more pro-

nounced in two month old rats probably because of a

difference in body weight between the younger and older

groups, while no significant difference was observed

between the sexes. The effects of cold stress alone demon-

strated a classically observed response, with the sixteen

month old rats having higher mean levels of all three
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plasma hormones. The effect of an initial ETOH injection

on the cold stress response resulted in a significant de-

crease in plasma levels of all three hormones in both the

two month and sixteen month groups as compared with cold

stress controls. Three observations were made from the

long term (14 mos) experimental group:

1. Mean basal plasma levels of all three hormones

were significantly elevated as compared with

the sham groups,

2. Plasma levels of all three hormones were blunted

in the ethanol group as compared with the sham

group immediately after cold stress, and

3. There was no adaptation to stress (via reduction

of hormone output). Sham and ethanol rats were

stressed daily by force feeding a liquid. This

daily procedure apparently had no effect on

adaptation as observed by response to cold stress.

ETOH appears to have a stimulatory effect on the HPA

axis, as does stress. It has been indicated that both

ethanol and stress increase anterior pituitary release of

ACTH and beta endorphin by stimulated endogenous release of

CRF from the hypothalamus (27). The presented data demon-

strate that the interaction between the two show additive

effects, but do not potentiate each other. The mechanism

for this cross-tolerance remains unknown.

- A
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The pituitary receives neural and humoral input.

Neural inputs arise from within the paraventricular nucleus

(PVN) (intrinsic) , other nuclei of the hypothalamus (intra-

hypothalamic afferent),, and from other areas of the brain

(extrahypothalamic) (23). Exactly how and which type of

input ETOH exerts its effect most is not known. Rivier

suggests that ethanol exerts a humoral effect directly on

the pituitary causing a desensitization of corticotropes in

response to neural input (26). Ratcliffe (25) has found

that moderate ETOH depresses the sensitivity of the hypo-

thalamus to stimulation. McKinnon (20) has found a

decrease in overall electrophysiological activity of the

PVN in moderate drinking rats when exposed to cold stress

as compared to rats receiving no ETOH treatment. These

results, in addition to the presented data, indicate that

ETOH exerts its effects on areas (intra- and extrahypo-

thalamic) that provide external neural input into the PVN.

Another consideration is that a single or combination

of products of ethanol may be responsible for the observed

effects. Ethanol and acetaldehyde have been shown to aug-

ment the formation of tetrahydropapaveroline (THP) by

condensation of dopamine with its corresponding aldehyde in

vitro. THP is a benzyltetrahydroisoquinoline alkaloid, a

family of compounds that have demonstrated the capability

of binding to opiate receptors (2). Not only does acet-

aldehyde affect THP formation, but is also found to produce
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a more significant decrease in brain norepinephrine and 5-

hydroxytryptamine (5-HT) turnover than ethanol (4).

One explanation for the observed interaction between

ethanol and stress is a depletion of pituitary ACTH content

combined with increased corticoid negative feedback, since

exposure of rats to electroshock significantly diminishes

pituitary response to a subsequent injection of CRF (26).

However, additional studies demonstrated that a three hour

exposure to alcohol did not cause a significant change in

pituitary ACTH content and because adrenalectomized rats

exposed to ethanol also showed a blunted pituitary

responsiveness to CRF, it may be concluded that steroid

feedback probably does not play an important role in the

alcohol-stress interaction. Pohorecky (24) suggests that

the effect of glucocorticoids may play a role by altering

monoamine metabolism in the brain.

Another theory includes the possibility that ethanol

modifies pain perception by stimulating production of beta

endorphin (24). Though plasma levels of P-endorphin were

elevated as a result of ethanol ingestion, ethanol did not

potentiate the release of beta endorphin into the plasma.

In fact, mean levels of plasma beta endorphin were reduced

in experimental animals that received alcohol followed by

cold stress as compared with controls. It is possible that

P-endorphin plays a role in ETOH tolerance since coadminis-

tration of ETOH and naloxone prevented the development of
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tolerance to the immediate stimulatory effect of ethanol on

plasma corticosterone (16).

ETOH also has an effect on neurotransmitter binding,

release, and metabolism (1, 17, 30). Ethanol administered

(2g/kg) to rats resulted in a decrease in turnover of

epinephrine and dopamine in the hypothalamus (1), and an

increase in serotonin metabolism (30).

Some researchers conclude that ETOH elicits its effect

by changing the normal characteristics on cell membranes

(14). As stated by Klemm, "the effects of ethanol occur on

the membrane where excitability is reduced by such changes

as an increase in membrane resistance and reduced early

inward sodium current during impulse generation". Klemm

also points out that there is a discrepancy between in vivo

and in vitro effects of ethanol on nerve impulse activity.

In vitro results have a tendency to show decreases in spike

amplitude whereas in vivo results show either no effect or

an increase. This implies that the overall mechanism for

the effect of ETOH on the stress response is complicated,

involving an integrated response from several areas of the

brain. This theory of an integrated response is reinforced

by looking at the multiple effects that ethanol has on

neurons in general.

Studies on GABAergic neurons show that ETOH facili-

tates the release of GABA (21) and produces a significant

increase in the binding capacity for its low affinity
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receptor (17).

Ethanol also attenuates the induced increase in intra-

cellular Ca"* caused by the interaction of NMDA with its

receptor. Ethanol demonstrates an antagonistic effect on

Ca". Administration of ETOH decreases inhibitory effects

of biogenic amine transmitters on cortical impulses, an

effect observed with other Ca++ antagonists (15).

Finally, a new theory has recently been proposed for

the mechanism of ETOH action (15). This theory takes into

account that membrane proteins may be surrounded by sialic

acid linked gangliosides with the surface of the membrane

partially covered by a thin layer of water molecules. This

water blanket provides a close association between ganglio-

sides with sialic acid residues and membrane proteins via

hydrogen bonding. Ethanol may "dehydrate this water film,

removing the hydrogen bonded stabilization of the membrane

protein and the sialoglycoconjugate, resulting in a change

in configuration of the membrane protein and making the

sialic residue more vulnerable to sialidase. Experiments

supporting this view show that ethanol enhances sialic acid

cleavage from the membrane without stimulating enzyme

activity.

Mortality rates were observed in long-term experi-

mental rats. The data from this parameter cannot be con-

clusive since the population was relatively small.

Mortality figures from the study were as follows:
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male ethanol-treated, 16.0%, male sham-treated, 42.0%, female

ethanol-treated, 12.5%, female sham-treated, 14.0%.

Experimental animals were stressed daily via force

feeding them ethanol or water. This daily stress may have

contributed to the increased death rate observed in the

male sham group, since stress can shorten the life-span of

rats (8). The finding that there was an increase in male

sham death rate but not in the female sham group is similar

to that reported by Williams (33) and Elliott and Eisdorfer

(5). Hodgson e al. (11) states that "a shot of ethanol

helps the rat to cope with fear and frustration." As

Williams (33) stated "presumably, ethanol enabled the male

ethanol-treated group to withstand stress more effectively

than the male sham-treated animals." This theory is

supported by the fact that an initial injection of ethanol

attenuates the rise in ACTH and corticosterone. Depression

and a decrease in the immune response can arise due to

increases in plasma corticosterone (33). By giving rats

ethanol during the stressful administration period, the

plasma levels of ACTH and corticosterone were thus reduced,

resulting in an attenuation of inhibition of the immune

system and the onset of depression.

In summary, the aim of the present study was to de-

termine if the effects of moderate ethanol intake can

decrease mortality, and to see if there was a difference in

responses to stress as observed by measuring plasma levels



57

of ACTH, p-endorphin, and corticosterone. The results

indicate that moderate ethanol ingestion does significantly

decrease physiological stress responses, and that this may

be the key factor in decreasing mortality, since it has

been shown that stress can itself increase mortality in

rats (8).
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