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mals 5, and in human thyroid  cancer 6. There is no doubt  
that  Mn moves and functions dynamical ly  in the body.  
To unders tand the real roles of  Mn in the body  it is very 
impor tan t  to know the control l ing mechanisms of  its 
t ranspor t  from the circulation. In  the present study it has 
been possible to bring to light at least one of  the regula- 
tory mechanisms by which Mn-up take  by the thyroid is 
controlled.  
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Abstract. Choline acetyltransferase (CHAT) activity was determined in cerebral  cortex, hypothalamus,  h ippocampus,  
cerebellum, medul la  oblongata ,  midbra in  and adrenal  gland of  rats exposed to acute or chronic stress. The exposure 
of  animals to acute immobi l iza t ion and cold stress (4 ~ for one hour  resulted in a significant decline of  ChAT activity 
in all brain regions examined except for the medulla  oblongata.  Moreover ,  the exposure to acute stress resulted in 
significant increase of  the same enzyme in the adrenal  gland. However,  chronic exposure of  animals to cold stress 
(4 ~ for 7 days resulted in no significant changes of  ChAT activity in all tissues examined except for a decline in 
the midbra in  and an increase in the medul la  oblongata.  The adminis t ra t ion of  cort icosterone (2.0 mg/kg) 1 h pr ior  
to sacrificing caused an effect similar to that  of  acute stress on ChAT activity in all brain regions except for the 
hypotha lamus  and the cerebellum. It  was concluded from this experiment that  stress-induced changes in the ChAT 
activity of  specific brain regions might  be mediated by the adrenal  steroids. 
Key words. Choline acetyltransferase;  cerebral  cortex; hypothalamus;  h ippocampus;  cerebellum; medul la  oblongata ;  
midbra in ;  adrenal  gland. 

Stress is known to lead to a series of  biochemical,  physi- 
ological, and behavioral  changes media ted  through the 
neuroendocrine system that  alter normal  homeosta-  
sis 3-  7. Fac tors  such as stress, drugs, anesthesia and hor- 
mones have been shown to have significant effects on the 
nervous system performance 7-13. I t  has been proposed  
that  the effects of  an acute and chronic stress are par t ia l ly  
media ted  by the central muscarinic system with capac- 
ities to activate the adrenergic nervous system 3' 14. The 

cholinergic regions of  the central nervous system play an 
essential role in the capabil i ty of  living organisms to cope 
with external or internal demands,  par t icular ly  when the 
limits of  tolerance tend to be exceeded 8,15,16. Fo r  exam- 

ple, it was shown that  an acute swimming stress in the rat  
produces changes in cholinergic muscarinic receptors se- 
lective for certain regions of  the central nervous sys- 
tem 15. A neurotransmit ter ,  such as acetylcholine (ACh) 
is known to produce behavioral ,  neuroendocrine,  cardio- 
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vascular, and noradrenergic effects typifying stress 17. In 
this regard the biosynthetic enzyme for ACh, choline 
acetyltransferase (CHAT, EC 2.3.1.6) is currently the 
most reliable biomarker for cholinergic neuron activi- 
t y l S - 2 1 .  

The extensive literature on stress includes very few inves- 
tigations concerned with the cholinergi c system in the 
brain 4, 7, 22. Most investigations on stress have dealt with 
the study of choline uptake, synthesis and release of ACh, 
while few have dealt with the cholinergic en- 
zymes 3 , 4 ,  7, 17, Moreover, specific brain regions as well 
as the adrenal glands are also known to be involved, 
either directly or indirectly, in the neuroendocrine regula- 
tory processes of the nervous system when subjected to 
various stressors 15,19. Therefore, the purpose of this in- 
vestigation was to study the effect of stress on ChAT 
activity in various brain regions and the adrenal gland of 
the rat. 

Results 
The effects of acute stress (immobilization and cold 4 ~ 
for 1 h) or chronic stress (cold environment at 4 ~ for 7 
days) on ChAT activity in various brain regions and 
adrenal gland are presented in figures 1 and 2. The expo- 
sure of animals to acute immobilization and cold stress, 
resulted in a significant decline of ChAT activity in the 
cerebral cortex (59 %), hypothalamus (48 %), hippocam- 
pus (30 %) and midbrain (38 %) and an increase in ChAT 
activity in the medulla oblongata (50%) and adrenal 
gland (46 %). No change in ChAT activity in the cerebel- 
lum was noted with acute stress. 
Chronic exposure of animals to cold stress did not result 
in altered ChAT activity in the brain regions examined 
with the exception of a decline in midbrain (69 %) and a 
significant increase in medulla oblongata (184 %). 
The effect of corticosterone administration (2.0 mg/kg) 
on the activity of ChAT in the same brain regions and 

Materials and methods 
Male Sprague-Dawley rats, weighing 120-150g ob- 
tained from Southern Animals Farms (Prattville, AL), 
were used in this study. All animals were kept under 
controlled environmental conditions for two weeks prior 
to any experimentation. They were adapted to a temper- 
ature of 21 _+ 1 ~ and 12:12 h of light-dark cycle, lights 
were on at 08:00 h. Standard pellet diet (Purina, St. 
Louis, MO) and water were provided ad libitum. 
In the first experiment, thirty rats were divided equally 
into three groups. The acute stress group was immobi- 
lized and exposed to cold at 4 + 1 ~ for 1 h. The chronic 
stress group was allowed free movement but was subject- 
ed to the same cold Stress for seven days. The control 
group was allowed free movement at normal environ- 

mental  temperature. 
In the second experiment, twenty rats were divided into 
two equal groups, a control group injected with the drug 
vehicle, and a corticosterone-treated group which was 
treated with a single injection (2.0 mg/kg, i.p.) of corti- 
costerone (Sigma Co., St. Louis, MO), one hour before 
they were sacrificed. 
At the end of each experiment, animals were sacrificed by 
decapitation at 09.00 h, and the brain was rapidly re- 
moved and dissected on ice into : cerebral cortex, cerebel- 
lum, hippocampus, hypothalamus, midbrain, and medul- 
la oblongata. Both adrenal glands were also removed. 
Each tissue was then individually homogenized (1% 
W/V) in an ice-cold 0.5 M sodium phosphate buffer (pH 
7.0). ChAT activity in the homogenates was then assayed 
according to the spectrophotometric method of Chao 
and Wolfgram 23, and expressed as nmoles Co-enzyme A 
Sulfhydril (COASH) formed/min/g of tissue. 
Overall comparisons between the different groups were 
performed by one-way analysis of variance 24. Multiple- 
comparisons for the separation of the means of various 
regions were determined using the LSD test 24. p < 0.05 
was considered significant in all cases. 
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Figure 1. Effect of acute stress (immobilization at 4 ~ for 1 h) or chronic 
stress (cold at 4 ~ for 7 days) on ChAT activity in the cerebral cortex, 
hypothalamus, and hippocampus. Each bar represents the mean __ SEM 
for i0 rats. 
* Significantly (p _< 0.05) different from the control group. 
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Figure 2. Effect of  acute stress (immobilization at 4 ~ for 1 h or chronic 
stress (cold at 4~ for 7 days) on ChAT activity in the cerebellum, 
medulla oblongata, midbrain, and adrenal gland. Each bar represents the 
mean + SEM for 10 rats. 
* Significantly (p < 0.05) different from the control group. 
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Figure 3. Effect of corticosterone treatment (2.0 mg/kg) for 1 h before 
sacrificing on ChAT activity in the cerebral cortex, hypothalamus and 
hippocampus. Each bar represents the mean _+ SEM for 10 rats. 
* Significantly (p _< 0.05) different from the control group. 
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Figure 4. Effect of  corticosterone treatment (2.0 mg/kg) for 1 h before 
sacrificing on the activity of ChAT in the cerebellum, medulla oblongata, 
midbrain, and adrenal gland. Each bar represents the mean _+ SEM for 
10 rats. 
* Significantly (p _< 0.05) different from the control group. 

adrenal gland is presented in figures 3 and 4. Corticos- 
terone treatment resulted in a significant decline of ChAT 
activity in cerebral cortex (27 %), hippocampus (54%), 
cerebellum (52 %) and midbrain (43 %) but caused signif- 
icant increases (p < 0.05) in medulla oblongata (20 %) 
and adrenal gland (106 %). No change in ChAT activity 
in the hypothalamus was noted. 

Discussion 
The results of this study show that ChAT activity varies 
in the different brain regions studied. Regional variation 
in ChAT activity has also been reported zS. Thus alter- 
ations of ChAT activity in different brain regions report- 
ed here might be a reflection of regional differences in the 
response of cholinergic activity under such stressful con- 
ditions. 
However, the exposure of animals to chronic cold stress 
for seven days resulted in recovery of ChAT activity to 
normal levels in all tissues examined except for the 

medulla oblongata and midbrain. This recovery phe- 
nomenon of ChAT activity in animals exposed to chronic 
stress may represent a type of adaptation. It has been 
suggested that after chronic stress the hippocampal 
cholinergic system undergoes major changes 26. These 
changes may play an important role in a neuronal net- 
work in the brain which provides for this stress-induced 
plasticity 26. Several investigations have shown that 
changes in cholinergic muscarinic receptors in response 
to stress are selective and reversible for certain regions of 
the nervous system 15. Moreover, rapid decrease of mus- 
carinic receptors density in the cerebral cortex and basal 
ganglia after rats were submitted to forced swimming 
stress, have been reported. This decline in the muscarinic 
receptors density returned to normal levels after a period 
of time 1 s. 
Although stress is difficult to quantify, these findings are 
in agreement with Selye's classical concept of stress, in 
that there is an initial period of alarm, followed by a 
period of adaptation 27. This may suggest that the activ- 
ity of the cholinergic system undergoes regulation result- 
ing from the action of exogenous forms of stress to main- 
tain the body's homeostasis. This action may lead to 
changes in the ACh turnover rate (i.e. synthesis and/or 
degradation) which may result in alteration in the cholin- 
ergic enzyme activity. In addition, the existence of variety 
of other non-cholinergic functions may contribute to al- 
teration of activities of the cholinergic enzymes 3, 17. 
The administration of corticosterone to animals caused 
similar effects to an acute stress on ChAT activity in all 
brain regions studied, except the hypothalamus and a 
decrease in the cerebellum. Although we have not mea- 
sured the plasma levels of corticosterone, it has been 
repeatedly reported that following an acute or chronic 
exposure of rats to cold stress, a rise in the circulating 
levels of corticosterone was noted 28. Moreover, the ex- 
posure of rats to three days of stress showed an inhibition 
in body weight and an induced adrenal enlargement 29. 
An increase in plasma corticosterone levels was also no- 
ticed following immobilization stress 30. 
The effect of cold stress on ChAT activity of the brain has 
not received much attention in the past. However, under 
other stressful conditions, significant changes in ChAT 
activity were reported. For example, after electroshock, 
ACh concentration was found to be reduced in specific 
brain regions of the rat 31. The findings of the present 
experiment indirectly confirm these results as they relate 
to ChAT activity of the majority of brain regions exam- 
ined after acute stress. The present results also confirm 
the data obtained using ChAT inhibitor (4-1-naphthyl- 
vinylpyridine) on brain ACh concentration of the rat 32. 
It was indicated that the reduction of ACh level by this 
drug can be potentiated by the concurrent exposure of 
the rat to stress in the form of forced swimming 32 
In previous work from this laboratory using a similar 
animal model for acute and chronic stress, we have found 
that the brain acetylcholinesterase (ACHE) activity was 
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inh ib i ted  fol lowing stress or glucocort icoids admin is t ra -  
t ion  7. The results ob ta ined  here a n d  in  previous  work  
with A C h E  activity might  indicate  that  bo th  C h A T  and  
A C h E  activities are affected by  stress a n d  glucocort icoids 
might  media te  this effect. 
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Abstract. The inf luence of  b lood  sampling,  anesthesia  and  surgery on  p lasma vasopress in  concen t ra t ion  was assessed 
in rats. M e a n  p lasma concen t ra t ion  in  conscious,  chronical ly  catheterized rats was 1.4 _+ 0.1 pg/ml  (n = 6). This  value 
remained  cons t an t  over repeated p lasma sampl ings  in the same animals .  O n  the other  hand ,  decap i ta t ion  increased 
the p lasma vasopressin concen t ra t ion  to 6.0 _+ 2.4 (in pg/ml)  (n = 6), inac t in  anesthesia  to 2.9 +_ 0.6 (n = 6), anesthe-  
sia and  femoral  c a n n u l a t i o n  to 13.3 _+ 5.8 (n = 6) and  surgery for renal  mic ropunc tu re  to 81.3 • 35.0 (n = 6). I t  is 
conc luded  that  the level o f  c i rculat ing p lasma vasopress in  is highly dependen t  on  the sampl ing  technique and  is closely 
related to the extent  o f  surgery. 
Key words. Vasopressin;  rats ;  surgery;  renal  mic ropunc tu re ;  anesthesia.  

The p lasma concen t ra t ion  of  the peptide h o r m o n e  vaso- 
pressin may  vary  over a wide range,  depend ing  on  the 
physiological  state of  the animal .  In  the present  work,  we 
focused our  a t t en t ion  on  concen t ra t ion  changes follow- 
ing var ious  exper imenta l  procedures,  such as anesthesia  
and  the surgery involved in renal  physiology studies. I t  
has a l ready been shown that  surgical p repa ra t ion  of  rats 
for mic ropunc tu re  of  renal  tubules  results in  a marked  

change in hematocr i t  and  p lasma vo lume ~. A sequential  
s tudy of  the different events  of  such surgery indicated  
that  inac t in  anesthesia  and  femoral  ar tery catheter izat ion 
were no t  responsible  for this increase in  hematocr i t .  
However ,  the stress induced  by physical ly man ipu l a t i ng  
the an imal  increases the hematocr i t  by  abou t  3 %. Com-  
plete mic ropunc tu re  surgery involv ing  t racheotomy,  can-  
nu l a t i on  of  the jugu la r  vein, a midl ine  a b d o m i n a l  incis ion 


