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Abstract 
 
In this work an ultracytochemical activity of alkaline phosphatase and �� 2+-�� P� se in capillaries and 
pericapillary structures in thymuses of rats have been determined. Animals of three different age 
groups were evaluated: 2 months, 7 months, and 26 months. It was shown that activity of both 
enzymes reduces with the age. Average cytochemical index of alkaline phosphatase reduces in 7- 
months old animals, but for �� 2+-�� P� se this dropping tendency is observed in 26 months old 
animals. Decrease of the average cytochemical indexes of �� 2+-�� P� se and Alkaline Phosphatase in 
rat thymocytes starts at the age of 7 months. Thus, the activity of both enzymes in thymus with age 
reduces, which explains the degradation of the tissue and transportation of Ca+2 ions. Accumulation of 
Ca+2 ions in thymocytes may lead to their death with age.   
 

Introduction 
 
Degradation of such functions as transport, exchange and regulatory are observed in capillaries upon 
aging [1-2]. Ultrastructural changes and deprivation of enzymatic systems, which provide for the 
permeability, active transport and secretion, can cause the degradation [3-5]. 
 
Alkaline phosphatase (AP) plays an important role in the regulation of a permeability of organic 
compounds inside the tissue. This enzymatic activity drops in blood and histohematic barriers in 
different animal and human tissues with an aging [6-8]. In thymus, however, besides age related 
decrease of the enzyme activity, presence of the chronic inflammation processes may increase the 
activity of the AP [9].    
 
�� 2+-�� Pase regulates the intracellular concentration of Ca2+ ions: energy released by ATP 
decomposition provides for the removal of these ions against sharp concentration gradient [10-11]. 
Ions of Ca2+ act as secondary messengers, activate the various enzymes (proteinkinases, 
endonucleases), and participate maturation and selection of thymocytes processes [12]. Thus, 
analysis of the age related activity changes of the �� 2+-�� Pase is the key to understand the function 
of the thymus aging. 
 
In this work the activity of AP and �� 2+-�� Pase in the capillary and pericapillary structures in thymus 
of rats was evaluated. Rats of different ages underwent the ultracytochemical investigation.   

 
Materials and methods 

 
Thymuses of male Wistar rats of 3 age groups have been investigated: mature (2 months), adult (7 
months) and old (26 months).  
 
In this work a modified lead based Homory method for the ultracytochemical analysis of the AP activity 
[13] was used. In this, modified, method lead (II) nitrate and magnesium sulfate were replaced with 
their acetate salts. Concentrations of substrate and ions of Mg2+ and Pb2+ were brought to equilibrium. 
Fixation process we carried out at 4 0C for 35 minutes in a following solution: p-formaldehyde (2%), 
glutaraldehyde (0.25%), sacharose (4%), and dimethylsulfoxide (10%). During wash step we used a 
sacharose solution (8%). As a diluent for both solutions we used cacodylate buffer (pH 7.4, 0.01M). 
Pieces of thymus were grinded after the wash step. Incubation of thymus pieces we carried out at  
20 0C for 35 minutes.  
 
A method described in [14] was used to determine the �� 2+-�� Pase. In this method the fixation 
solution was made of formaldehyde (4%), glutaraldehyde (2.5%).  Pieces of tissue were dipped in the 
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fixation solution for different periods of time: from 30 to 60 minutes. Temperature was kept at 0 to 40C.  
Pieces of tissue washed 3 times (for 10, 20 and 30 minutes) in 8% solution of sacharose, and placed 
in incubation medium. In this portion of the work we used cacodylate buffer (pH 7.5, 0.01 M) as a 
diluent. As a substrate we used ATP. Incubation was carried at 37 0C for 30 minutes.  
 
To determine the activity of the �� 2+-�� Pase we used the medium and substrate (see Table 1) 
developed by Mayahara and co-workers [14]. 

 
Table 1. Incubation medium for the activity determination of AP. 

 
Component Amount 

b-glycerophosphate 5.0 mg 

Distilled watter 4.4 ml 
0.20 M Trismaleic buffer (pH 7.2) 4.0 ml 
0.20 M Magnesium acetate 0.1 ml 
2.08 M Suchrose 1.2 ml 
0.06 M Lead (II) acetate 0.3 ml 

   
Method developed by Taizan [16] was used for further investigation. Pieces of thymus were subjected 
for fixing again in 1% solution of osmium tetraoxide in cacodylate buffer (pH 7.4, 0.01M). Samples 
were dehydrated in alcohol-acetone mixtures with ascending concentration of alcohols. Then samples 
were soaked in resin-acetone mixtures (1:3 for 1.5 h, 1:1 for 1.5 h and 3:1 overnight) and embedded 
into resins. Ultrathin slices were studied with electron microscope PEM-125K (Sumy, Ukraine). 
 
The average cytochemical index (ACI) was used to determine the intensity of the cytochemical 
reaction. ACI was proposed by Kaplow [10] based on a differential appearance of a cytochemical 
reaction: from 0 (absence of intensity) to 4 (maximal intensity). In our case ACI is equal to a sum of 
products: fraction of capillaries with certain appearance of a cytochemical reaction and corresponding 
to this appearance coefficient (from 0 to 3). Statistical analysis we did using Wilcoxon-Mann-Whitney 
criterion.  

 
Results and Discussion 

 
It was shown earlier [14] that lymph tissue area of a thymus and vascularization of the organ are 
getting smaller with the age. However, a vascularization degree decreases at much smaller degree. 
Therefore, high level of a thymus vascularization supports our conclusion on preserving of a thymus 
with age. At the same time different age related processes take place in capillaries of a thymus: 
reduced amounts of organelles in endotheliocytes, vacuolization of mitochondria; damage of contact 
area between endotheliocytes; basal membrane structure, enlargement and swelling of pericapillar 
area. It leads to degradation of a permeability of a blood-thymus barrier and decrease in intensity of 
synthetic processes in endothelium. Ultracytochemical experiments are carried out to investigate 
activity of AP in blood-thymus barrier in rats of different ages.   
 
Solid product of an ultracytochemical reaction (precipitate) is mostly localized in pericapillary area, 
basal membrane, in perycytes, on pinocytic vesicles in pericapillary area, or in capillary endothelium 
(Figure 1). Also, enzyme activity can be observed on plasmolemma of plasmocytes, 
reticuloepitheliocytes, cellular elements of perivascular connective tissue, and on thymocytes 
plasmolemma (Figure 1).  
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Figure 1 . The ultracytochemical reaction of AP in a blood-thymus barrier of a different age rats: (a) 
Localization of the AP in a blood-thymus barrier: 26 months old rats. Magnifying power 4,000; (b) High 
AP activity: 2 months old rats. Magnifying power is 9,600; (c) Intermediate AP activity: 26 months old 
rats. Magnifying power is 16,000 

 
This last tissue is a mature form of T-lymphocytes and, as oppose to B-lymphocytes and premature 
forms of T-lymphocytes, show the reactivity towards AP [15].   
 
ACI of an AP activity changes with age: 7 months old animals have 1.4 times less activity than 2 
months old (Figure 2).  

 
Figure 2.  Activity of AP in thymus capillaries of rats of different ages.  
* p < 0.05 compare to 2 months old rats (using Wilcoxon-Mann-Whitney criterion). 
 
Fraction of capillaries, where no activity of the enzyme observed, increases. Moderate and high 
activity of the enzyme is observed in the rest of capillaries. Therefore, the fraction of capillaries 
capable of effective transporting decreases at the age of 7 months. High activity of other capillaries 
compensates for this. ACI of AP activity in the thymus of old rats remains on the same level as in 
thymus of 7-months old rats (Figure 3). However, the intensity of the reaction and degree of 
vascularization decrease (Figure 1) [14]. Regardless of no ACI change, 26 months old animals have 
higher amount of capillaries with low AP activity, which preserve level of transport into tissue with age 
(Figure 3).  
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Figure 3.  Distribution of thymus capillaries by activity of AP. 

 
Reaction precipitate marks nucleoli and plasmic membrane of thymocytes. It is localized in 
pericapillary area, on a basal membrane and in cytoplasm of endotheliocytes (Figure 4). 

(a) (b)

Figure 4.  Ultracytochemical activity of �� 2+�� Pase in a blood-thymus barrier of a different age rats: 
(a) High activity: 2 months old rats. Magnifying power is 12,000; (b) Low activity: 26 months old rats. 
Magnifying power is 20,000 

 
ACI values of �� 2+-�� Pase change with the age. Enzyme activity of 2-months old animals is high 
(Figure 5).  
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Figure 5 . Activity of �� 2+-�� Pase in thymus capillaries and thymocytes of a different age rats.  
* p < 0.05 compare to 2 months old rats (using Wilcoxon-Mann-Whitney criterion). 
 
About half of capillaries with active �� 2+-�� Pase have high intensity of the reaction (Figure 6).  
Animals of the age of 7 months have constant ACI of �� 2+-�� Pase reaction, however intensity of the 
reaction significantly reduces. Intensity of the �� 2+-�� Pase reaction in capillaries of 26 months old 
animals reduces 2 times; capillaries with high activity are rare (Figure 4). 
 
Activity of the �� 2+-�� Pase in thymocytes significantly changes with the age (Figure 5). Thymocytes 
with high activity of the enzyme prevail in animals of a 2 months age; cells with moderate and zero 
activity of the enzyme are absent in this age group (Figure 6). The enzyme activity in thymocytes of 
seven months old rats is different. A weak and zero activity of the enzyme is observed in the cells of 
26 months old animals. Thus, our data show that activity of the �� 2+-�� Pase in thymocytes reduces 
with age. As a result, concentration of C� 2+ ions increases inside the cell. This initiates the activation 
of �� 2+-dependent endonucleases, launch of apoptosis mechanism, leading to cell death, which is 
observed in thymus during aging. 
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Figure 6 . Distribution of thymus capillaries (a) and thymocytes (b) in different age rats by activity of 
AP. 
 
Based on results of this work we can conclude that at the age of 7 month significant functional 
changes occur in thymus. Vascularization degree of this organ and AP activity decreases.  Activity of 
the �� 2+-�� Pase in thymus capillaries preserves longer and decreases with age. Therefore, 
ultracytochemical experiments prove ultrastructural testing: there is a degradation of transcapillary 
transport processes and accumulation of Ca2+ ions in thymus with age. 
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