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Here we studied the effects of  water-immersion emotional stress on the components of several 
skin biopolymers in rats. The resistance of animals to stress was determined in preliminary 
experiments. This model of  stress induced similar effects on the studied components in stress- 
resistant and stress-predisposed rats. 
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Psychoemofional  stress is a global reaction of the 
organism. In humans,  emotions induce generalized 
effects on all tissues and cells of the body [2,9]. These 
effects are mediated by the somatic and autonomic 
nervous systems and hormonal factors. 

The connective tissue is a structure penetrating all 
parts of  the body. Its macromolecules are the com- 
ponents of the extracellular matrix. In the matrix, glycos- 
aminoglycans of various types, proteoglycans, glyco- 
proteins, and protein fibers interact with each other 
and with the membranes of  adjacent cells according to 
complex physicochemical principles. These interac- 
tions contribute to tissue homeostasis [13]. 

Our findings [7] and the results of  other resear- 
chers [1,3] show that experimental emotional stress 
(ES) causes considerable changes in the morphofunc- 
tional organization of connective tissue in rats. These 
changes are different in animals with different resis- 
tance to ES (for example, in Wistar and August rats) 
[10,11]. 

Here we studied changes in glycosaminoglycans, 
the main connective tissue components of  the skin, in 
rats subjected to ES. 

MATERIALS AND METHODS 

Experiments were performed on 20 male Wistar rats 
weighing 250-300 g. The animals were kept in cages 
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(five rats per cage) under natural light-dark cycle (5.15- 
21.40, light phase) and ad libitum food and water 
supply. 

All the rats were tested in the open field (OF) to 
estimate the resistance to the water-immersion ES. 
The OF was a circle (90 cm in diameter) surrounded 
by wails (40 cm in height) and illuminated with a 
100-W lamp positioned at a distance of  100 cm from 
the OF center. The floor of the OF was divided into 
37 squares. The posts set upright into these squares 
served as the objects for exploration. We recorded the 
following behavioral parameters: the latency of  the 
first movement, the latency of  visiting the center of the 
OF, horizontal activity (the number of peripheral and 
central squares crossed), vertical activity (the number 
of peripheral and central rearing postures), exploratory 
behavior (the number of posts explored), the time of 
grooming, and the indices of  vegetative balance (de- 
fecation and urination). The behavior of each rat was 
studied for 10 rain. 

Our previous studies showed that the rats dis- 
playing short latencies of the first movement and en- 
trance into the center of the OF and high ambulatory 
activity in the periphery and especially in the center 
of the OF are resistant to ES [4]. By contrast, the rats 
with long latencies of the first movement and entrance 
into the center of the OF, low activity scores in the 
center and at the periphery of the OF, and high indices 
of vegetative balance are predisposed to ES. Stress- 
induced gastric ulceration was more pronounced in 
passive rats than in active rats [5 ]. 
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TABLE 1. Contents of Glycosaminoglycan Components, Hydroxyproline Levels, and Activities of Skin Enzymes in Control 
Rats and in Rats Subjected to Water-Immersion ES (M• 

Uronic acids Hexosamines Hydroxyproline 13-Galactosidase 13-Glucoronidase 
Group 

mg/g dry skin activity units 

Control (n=10) 2.33-+0.15 3.28+0.15 54.90+6.40 17.27+1.61 13.50-+1.57 

Stress (n= 10) 1.74-+0.27 * 3.21 -+0 .18  5 5 . 3 0 - + 6 . 4 3  21.13-+4.81 14.98-+0.15 

Note. Here and in Table 2:*p<O.01 compared with the control. 

TABLE 2. Contents of Glycosaminoglycan Components, Hydroxyproline Levels, and Activities of Skin Enzymes in ES- 
Resistant and ES-Predisposed Rats (M• 

Uronic acids Hexosamines Hydroxyproline i3-Galactosidase I?,-Glucoronidase 
Group 

Control (n=10) 

Resistant (n=3) 

Predisposed (n=4) 

mg/g dry skin 

2.33• 

1.79• 

1.65• 

3.28• 

3.32• 

3.09• 

54.90• 

52.93• 

59.53• 

activity units 

17.27• 

19.10• 

19.26• 

13.50• 

14.40• 

14.65• 

Active and passive animals were divided into two 
groups. Experimental rats (n=10) were subjected to 
water-immersion ES [14]. Control rats (n=10) were 
kept in vivarium under normal conditions. 

Rats of  both groups were deprived of  food for 
24 h before the exper iment  but had free access to 
water. Experimental rats were immobilized in plastic 
tubes (16.5 cm length and 5.5 cm inner diameter) and 
immersed  in water (23~ up to the level of  the 
xiphoid process of  the s ternum for 2 h. Then, the 
animals were returned to their cages for 2 h. Stressed 
and control rats were then decapitated. 

Skin samples (4x4 cm z) for biochemical studies 
were taken from the back and frozen in liquid nitro- 
gen. Subcutaneous fat and hair were removed, the 
samples were then minced (to 1-2 mm 2 in size), lyo- 
philized, and stored at -60~ For analysis of  structural 
components the skin was delipidated with chloro- 
form-methanol mixture, and organic solvents were re- 
moved. The contents o f  uronic acids, hexosamines, 
and hydroxyproline (mg/g dry skin) and the activities 
of 13-galactosidase and 13-glucoronidase were measured 
[6,12,15]. Data were analyzed statistically by single- 
factor ANOVA using a Mikrostat software. 

R ES U LTS 

Control and stressed rats differed only in the con- 
tents of  uronic acids (Table 1). The content of  uro- 
nic acids in stressed rats was lower than in control 
animals (F1:17=37.46). The  content of skin hydroxy- 
proline did not differ in stressed and control rats. 
The activities of [3-galactosidase and [3-glucoronidase, 
were insignificantly h igher  in stressed rats. 

Stressed rats (n=10) were divided into behavio- 
rally active (resistant to ES) and behaviorally passive 
(predisposed to ES) subgroups. The first subgroup 
included 3 rats displaying short latencies of the first 
movement (less than 5 sec) and high central activity 
scores. The second subgroup included 4 rats displaying 
long latencies of the first movement (more than 5 s) 
and the absence o f  central activity. 

Rats of  these subgroups did not differ in the con- 
tents of  the studied glycosaminoglycans. 

After stress, the contents of uronic acids in ES- 
resistant and ES-predisposed rats were significantly 
lower than in control animals (Table 2). We have con- 
cluded that water-immersion ES induces similar ettects 
in the animals of both subgroups. 

These data indicate that water-immersion ES leads 
to changes in skin glycosaminoglycans. The content 
of  uronic acids decreased significantly in ES. It is 
known that uronic acids are the components of  t h e  
connective tissue carbohydrates which change during 
activation of the pituitary-adrenal axis [8]. These changes 
probably reflect depolymerization of biopolymers, pm- 
ticularly, of  skin glycosaminoglycans. Specific types 
of  glycosaminoglycans and/or glycoproteins which 
change in stress, their quantitative ratio, the nature of 
qualitative changes, and the mechanisms of these pro- 
cesses are the subjects for our further studies. 
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