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Abstract: The corticosterone (CORT) and prolactin (PRL) responses 
to 1.0 mA of footshock were measured in healthy rats  and rats  
with pneumonia. No differences in basal PRL levels were seen, but 
basal CORT levels were significantly increased in the sick 
animals. Healthy rats showed a significant increase in both PRL 
and CORT after receiving footshock whereas the sick rats  showed 
no changes. The adapative value of the current findings are  
unclear a t  this time. @ 1987 Society for Experimental Biology and Medicine 

Introduction 
Secretion of corticosterone (CORT ) 

and prolactin (PRL) has been shown to 
increase in response to numerous 
stressors (1, 2 ) .  Recently, we 
noticed that a few animals which did 
not appear healthy showed a markedly 
blunted PRL stress  response. These 
animals were later diagnosed as  
having pneumonia. Severe illness has 
been shown to decrease basal levels 
of several hormones (3-5)  . However, 
the effect of an additional s t ress  
upon hormonal responses of sick 
animals has not been investigated. 
In these studies, we examined the PRL 
and CORT response to moderate 
footshock stimulation in healthy rats  
and ra t s  which exhibited signs of 
having pneumonia. 

Materials and Methods 
Animals : Male Sprague-Dawley rats 

(400-500 g )  from Simonsen Labs 
(Gilroy, EA) were housed in a 
climate-controlled area (24 2 2 C) 
with a fixed light: dark cvcle, lights 
on a t  0500 and off a t  1900 h. The 
ra t s  were given food and water 
libitum. The animals were handled 
twice daily for one week before the 
experiment. Each time the rats  were 
removed from their home cage and 
placed in a box equipped with an  
electric shock grid floor. This 

procedure allowed the rat  to accli- 
mate to both handling and exposure to 
the experimental chamber. We have 
recently shown that after repeated 
exposure to a novel environment, the  
PRL response becomes habituated ( 6 ) .  
Similar findings have also been shown 
for the habituation of the adrenocor- 
ticosteroid response to handling or  
novelty (7,s). 

Two groups of rats were exposed to 
electric footshock. One group was in 
good health as  judged by external 
examination. The second group showed 
signs of moderate-to-severe illness 
including lethargy, respiratory dis- 
t ress  andlor  red discoloration around 
the eyes or  nose. Both sick and 
healthy rats  were examined post- 
mortem. The healthy rats showed no 
signs of illness while the sick 
animals showed fluid in the lungs and 
exhibited typical pneumonic lesions. 

Experimental Design : Right atrial 
cannulae (9) were inserted under 
e ther  anesthesia a t  least 3 days 
before the experiments were carried 
out and flushed daily with heparin- 
ized saline (3.5 U/ ml) . During the 
experiments, blood samples (0.4 ml) 
were collected in he parinized 
syringes connected to a polyethylene 
ex tension of the indwelling silastic 
cannula. This allowed the rats  to 
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move freely and permitted the 
experimenter to collect blood without 
disturbing the animals. To ensure 
that  animals were kept close to an 
isovolemic state,  an equal volume of 
fluid was replaced after each blood 
collection with Plasmanate TM (Cutter  
Labs, Berkeley, CAI, a 5% human 
plasma protein fraction which i s  
volume for volume osmotically 
equivalent to plasma.. On the day of 
the experiment, rats were moved from 
their home cages to a box equipped 
with an electric shock grid floor. 
After 30 min, a basal blood sample 
was taken. Ten rnin later, the ra t  was 
subjected to a 1 .O-mA footshock. The 
footshock was delivered once per sec 
for  30 sec. Blood samples were 
collected 5, 10, 15,  25, and 45 min 
af ter  footshock. All experiments 
were performed between 1300 and 1730 
h.  

Assay procedures: Blood samples 
were centrifuged at 3500 rpm for 20 
min and the plasma was separated and 
stored at  -20 C until assayed. PRL 
levels were determined in duplicate 
by RIA using a double antibody tech- 
nique. Rat PRL antibody (rabbit)  and 
rat  PRL reference preparations were 

provided by the Hormone Distribution 
Program of the NIAMDD . Iodine- 
labeled PRL was obtained from New 
England Nuclear Corp. (Boston, MA) . 
The limit of sensitivity of the assay 
was 3 nglml; the inter- and 
intra-assay variabilities were 9% and 
4%,  respectively. CORT was also 
assayed in duplicate by RIA using 
charcoal separation (10). The 
antibody was obtained from Radioassay 
Systems Laboratory (Carson, CAI and 
tritium-labeled CORT from New England 
Nuclear Corp. The limit of sensit- 
ivity of the assay was 0.5 ugldl;  the 
inter- and intra-assay variabilities 
were 58 and 2 W ,  respectively. The 
data were analyzed using the Student- 
Neuman-Kuels procedure with analysis 
of variance. A 2 value of less than 
0.05 was considered significant. 

Results 
Figure 1 s h o w s  PRL and CORT 

response of healthy and sick rats  to 
footshock. Basal PRL levels were not 
significantly different between the 
groups, but basal CORT levels were 
significantly higher in the sick 
rats. In the healthy rats ,  both PRL 
and CORT were significantly increased 
a t  every time point after receiving 

+ HEALTHY RATS SICK RATS 
T 

m s  
Figure 1 .  Plasma prolactin (PRL) (A) and corticostrone (CORT) ( B )  
concentrations before and after application of footshock stress 
in healthy and sick rats. A blood sample was collected 10 rnin 
prior to footshock stimulation. At time zero, the rats received 
1.0 mA footshocks. The footshocks were given at the rate of 1 
shocklsec for 30 sec. Blood samples were collected 5 ,  1 0 ,  2 5 ,  
and 45 min after footshock. Each data point represents the 
means + SEM of at least six animals. 
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footshock. PRL values were increased 
5 min af ter  stimulation and reached a 
peak level 10 min af ter  footshock. 
CORT levels were also increased a t  5 
min but  continued to increase up to 
25 min af ter  footshock; peak values 
were some four times higher than 
basal levels. In contrast, the sick 
rats  showed no significant change in  
either PRL or  CORT a t  any time after 
footshock. 

Discussion 
According to Sely e's classic 

description of the General Adaptation 
Syndrome, increased corticoid levels 
occur during either the alarm reac- 
tion or  the state of exhaustion (11, 
12). Selye presented limited histol- 
ogical evidence for the stage of 
exhaustion and never directly con- 
firmed whether such animals could 
mount a glucocorticoid response to 
s t ress .  The sick animals in our 
study showed increased resting CORT 
levels and were unable to increase 
either CORT o r  PRL levels in response 
to the footshock stress.  These 
animals had spontaneously acquired 
clinical pneumonia. 

How can the absent PRL and CORT 
responses be explained? Glucocorti- 
coids can blunt the ACTH response to 
s t ress  (13) and we have recently 
shown that CORT can also suppress 
stress-promoted PRL release (14). In 
this study we found that the basal 
CORT levels were increased in the 
sick rats.  These high basal CORT 
levels could possibly have acted to  
suppress the PRL and CORT response 
to footshock s t ress  via negative 
feedback mechanisms at  a pituitary or 
hypothalamic site. It i s  also pos- 
sible that severe illness per se 
could directly affect the hypotha- 
lamic-pituitary response to stress.  

The concept that systemic illness 
decreases basal hormone levels has 
been most widely studied in connec- 
tion with thyroid hormones. Severe 
illness and /or  starvation decreases 
triiodothyronine and thyroxine levels 
by affecting extrathyroidal hormone 
conversion, binding, and metabolism 
5 ,  1 6 .  In addition, the normal 
feedback control of the pituitary- 
thyroid axis is blunted (5, 17, 18). 
Gonadotropins are  also decreased by 
severe illness (3). Transient hypo- 

gonadotropic hypogonadism has also 
been shown to develop in patients 
with severe burns  (4) and other 
critical illnesses (19). 

The data presented in this study 
show that stress-mediated hormonal 
responses are  altered during severe 
acute illness. Decreases in thyroid 
hormone and gonadotropins may benefit 
the severely ill by shifting metabo- 
lism toward more essential functions, 
bu t  the significance of the current  
results remains to be determined. 
Studies a re  underway to investigate 
the response of sick animals to other 
s t resses  and to probe the mechanisms 
behind the altered hormonal 
responses. 
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