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Synthetic ACTH1.24 analogue administered in a daily dose of 0.01 mg/kg decreased the 
number and size of mast ceils and increased intracellular serotonin concentration. ACTHI.24 
induced degranulation of young mast cells and release of undersulfated heparin. Correlation 
analysis showed that hormonal imbalance produced by ACTHl_24 was accompanied by re- 
distribution of bioamines. 
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A large body of evidence indicates the existence of 
close relationships between the nervous, endocrine, 
and immune system. Cells of these systems secrete 
similar regulatory factors (interleuldn, interferon, and 
endorphins) and carry the corresponding receptors [1- 
3,8]. Neurotransmitters play an important role in the 
central and local mechanisms for regulation of the 
immune system. The system for primary response, 
signaling, and protection of the organism regulates the 
entry of various exogenous substances. This system 
includes nervous, endocrine, and local immune com- 
ponents. Mast cells (MS) of the thymus respond even 
to small changes in biogenic amine content in the 
organism and are in close contact with nerves and 
macrophages. MS are convenient for studying of the 
interaction between the nervous, endocrine, and im- 
mune systems. Much attention was given to the effect 
of exogenous ACTH on immune reactions. The pre- 
paration in high doses suppresses the humoral immune 
response [6,7]. Conflicting conclusions are related to 
differences in animals spicies, immunological models 
of hormonal preparations, and conditions for treatment 
used in this experiments. 

Here we studied neurotransmitter content and 
morphological changes in MS of the central immune 
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organ during an experimental hormonal imbalance 
produced by exogenous ACTH. 

MATERIALS AND METHODS 

Experiments were performed on 90 laboratory male 
mice weighing 20-22 g. The animals were divided into 
3 groups: intact mice (n=30); control mice receiving 
0.01 ml isotonic solution (n=30); and treated mice 
intraperitoneally receiving synthetic analogue of 
ACTHt.24 in a daily dose of 0.01 mg/kg (n=30, 0.01 
ml solution of Synacten Depot, Ciba-Geigy Limited). 
The thymus was isolated on days 7, 14, 21, and 28 
under ether anesthesia. 

Cryostat sections of the thymus were treated as 
follows: luminescence-histochemical method of Cross, 
Even, and Rost for histamine-containing structures of 
the thymus; luminescence-histochemical method of 
Falk and Hillarp with modification of E. M. Krokhina 
for adrenergic nerve fibers and biological amines in 
morphofunctional structures of the thymus; morpho- 
metry of MS (p); and cytospectrofluorometry with a 
FMEL-IA head for identification and measurement of 
biogenic amine content (serotonin, 525 nm; catechol- 
amines, 480 nm). The results were recorded from an 
amplifier display and expressed in arbitrary units. Cor- 
relation analysis was used to study the relationship 
between luminescence of neurotransmitters in amine- 
containing structures. The serotonin index was cal- 
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culated as the sum of serotonin+catecholamines in MS 
(mean value). Sections were stained with Unna's poly- 
chromic toluidine blue to visualize tissue mucopoly- 
saccharides and heparin in MS. Non-sulfated "imma- 
ture" heparin was tx-orthochromatic (blue), [~-meta- 
chromatic (ink-blue), and [~2-metachromatic (ink- 
violet). More sulfated ("maturing") heparin and "ma- 
tare" heparin produced I~-metachromatic (ink-cherry) 
and y-metachromatic staining (purple), respectively 
[3]. By the degree of degranulation, MS were divided 
into 4 groups: T O cells with the non-visualized nucleus 
and densely packed unidentified granules; T; cells 
with individual identified granules and incompletely 
"masked" nucleus; T: cells with clearly identified in- 
ner and outer granules and distinct nucleus; and T3 
exhausted cells with individual inner and outer gra- 
nules. 

RESULTS 

Luminescence-histochemical study of the thymus 
showed that administration of ACTH~_24 into MS signi- 
ficantly increased the contents of serotonin and nor- 
epinephrine. These changes were observed at various 
terms after treatment. Visually, we revealed an in- 
crease in the number of white-to-yellow granules ex- 
hibiting strong luminescence in the cell cytoplasm 
(Table 1). Histamine concentration in MS decreased 
by 5.8 times on day 7, but increased by 1.6 times on 
day 28. Serotonin has immunosuppressive activity [9]. 
Therefore, treatment with substances increasing sero- 
tonin level is accompanied by suppression of the pri- 
mary and secondary immune response. 

The serotonin index in MS sharply increased on 
days 7 and 14 after treatment (compared to control 
animals). This reflects the prevalence of serotonin 
above catecholamines in MS of intact, control, and 
treated mice (Table 2). 

The immunosuppressive effect of ACTH~.:4 was 
indirectly confirmed by the decrease in the number 
and size of MS in the field of view (Table 3). 

Correlation analysis was performed for the con- 
tents of serotonin, catecholamines, and histamine in 
the thymus. A positive correlation was found between 
serotonin concentration in the following cells: MS and 
thymocytes of the medullar layer (r=0.997); and MS 
and thymocytes of the cortical layer (r=0.992). These 
relationships were not observed in control animals 
(0.811 and 0.744, respectively). Probably, ACTH1.24 
stimulates serotonin production in MS and its absorp- 
tion by thymocytes of the cortical and medullar layer 
in the thymus. A positive correlation between sero- 
tonin concentration in MS and luminescent granular 
cells of the corticomedullary zone (LGC CMZ) was 
not found after treatment with ACTH~.24.  The corre- 
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TABLE 2. Serotonin Index in MS of Thymus in Control and 
Experimental Mice on Days 7, 14, 21, and 28 of Daily 
Treatment with ACTH1.24 

Period, days C T 

7 
14 

21 

28 

I 

6.2 

5.9 
4.0 

4.8 

1.0 

8.7 

10.2 
10.0 

14.3 
12.4 

3.5 
1.4 

lation coefficients in control and treated mice were 
-0.987 and 0.346, respectively. These changes reflect 
the impairment of serotonin-absorbing function in LG-C 
CMZ. In the thymus of control animals, strong posi- 
tive correlations were revealed between histamine 
concentration in MS and thymocytes of the cortical 
layer (rc=0.981), MS and LGC CMZ (rc=0.923), and 
MS and luminescent granular cells of the subcapsular 
zone (rc=0.966). These data show that MS are the 
major histamine-producing cells in the thymus. After 
treatment with ACTHt_24, a negative correlation was 
revealed for MS and luminescent granular cells of the 
subcapsular zone (rr=-837). These changes were prob- 
ably accompanied by impairment of histamine ab- 
sorption in granular cells of the subcapsular zone. A 
strong positive correlation was found between hista- 
mine concentration in MS and thymocytes of the me- 
dullar layer (rr=0.989). The data illustrate intensive 
absorption of histamine by thymocytes of the medullar 
layer (r~-0.989). 

Staining of thymus sections with Unna's toluidine 
blue revealed a 1.8-fold decrease in the number of MS 
on day 7 of daily treatment with ACTHI.24. T-Meta- 
chromatic and J33-metachromatic MS were absent in 
the thymus of experimental mice. 133-Metachromatic 
MS were presented by ~ -  and ~2-metachromatic cells. 
[$t-Metachromatic cells prevailed under these condi- 
tions. By the degree of degranulation, we observed an 
increase in the ratio of degranulating T2 and T 3 cells 
(26 and 32%, respectively; v s .  I3 and 25% in the con- 
trol, respectively) and decrease in the count of T O cells 
(20 v s .  34% in the control). The number of MS in 
mouse thymus decreased by 2.3 times on day 14 after 
treatment. During this period, signs of metachromasia 
in MS of the thymus were similar to those observed 

on day 7 after administration of ACTH].24. We re- 
vealed an increase in the ratio of I"2 and T 3 cells (37 
and 33%, respectively; v s .  24 and 15% in the control, 
respectively) and significant decrease in the count of 
T~ cells. After treatment with ACTHt.24 for 21 days, 
individual MS in the capsule were characterized by 
~2-metachromasia. It is important that in control ani- 
mals we found only 7- and [33-metachromatic cells. 
The ratio of MS differing in the state of heparin under- 
went pronounced changes. We observed an increase in 
the ratio of degranulating T3 cells (37 v s .  13% in the 
control) and decrease in the count of T~ cells (22 v s .  

33% in the control). 
On day 28 we found only individual MS in the 

capsule and septa. The number of MS decreased by 
3.5 times compared to the control. The ratio between 
MS changed towards accumulation of [~2-metachro- 
matic cells. We detected only individual ~1- and 133- 
cells. The ratio of T 3 cells sharply increased (43 v s .  4% 
in the control), while the count of T~ cells decreased 
(13 v s .  69% in the control). Published data show that 
ACTH stimulates the synthesis of heparin in MS [4,5]. 
We found that ACTHt_24-produced metabolic changes 
are accompanied by the release of undersulfated heparin 
into the intercellular space. The action of endogenous 
ACTH mediated by cholecystokinin-4 is accompanied 
by stimulation of merocrine secretion in MS (granu- 
lolysis) over the f'trst 15 min after treatment [4]. In our 
experiments MS were characterized by apocrine secre- 
tion of heparin (degranulation) with destruction of the 
cell membrane. The absence of granulolysis was prob- 
ably associated with long-term administration of the 
preparation and material sampling in the delayed per- 
iod. 

Our findings suggest that ACTHI_:4 produces a 
variety of morphological changes in MS, which in- 
cludes a decrease in the number and size of cells, 
increase in intracellular serotonin concentration, de- 
granulation of young cells, and release of undersulfa- 
ted heparin. The disappeared and newly formed re- 
lationships between MS and other amine-containing 
structures of the thymus reflect the redistribution of bio- 
genic amines under conditions of hormonal imbalance 
produced by chronic ACTHl_24 treatment. 

This work was supported by the "Russian Univer- 
sities" program (UR 11.01.029). 

TABLE 3. Size and Number of MS in the Field of View after Administration of ACTH1.24 

Day 7 Day 14 Day 21 Day 28 
Index 

C T C T C T C T 

Number 

Size, IJ 

6.05-+0.80 3.45-+0.70* 
20.3x13.1 7.8x6.6 

4.1 -+0.4 

15.3xl 1.6 

1.8-+0.4" 

7.3x4.2 

3.7_+0.6 

10.5• 

1.35-+0.40 

6.7x5.6 

3.8-+0.8 1.1-+0.3" 

12• 7.2x5.6 
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