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A study of the histological structure and cell composi t ion of the thymus in rats with 
ascitic ovarian tumors for chemotherapy alone and in combination with an alternating 
magnetic field, which induces an antistressor adaptive response in the orgamsm, showed 
that an alternative magnetic field potentiates the antitumor effect of thioTEPA and pro- 
tects the thymus from toxic damage caused by high doses of  chemotherapy.  
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The thymus  is a crucial organ of the i m m u n e  
system that controls homeostasis and is responsible 
for the nonspeci f ic  resistance of  the organism 
[3,6,14]. Destructive alterations have been observed 
in the thymus in various pathologies, particularly 
during tumorigenesis [ 10-13,15], impairing thymus 
function and acting as stressors [2,15,17]. Stimu- 
lation of the functional activity of the thymus and 
improvement  of nonspecific resistance have been 
observed during the development of  an antistressor 
adaptive activation response [7]. It was shown that 
an al ternating magnet ic  field (AMF) stimulates 
proliferative processes in the thymus [5], which is 
associated with the development  of an activation 
response in the organism under  the influence of 
an AMF of certain biotropic parameters [8,9]. 

Our objective was to investigate the histologi- 
cal structure and cell composit ion of the thymus 
in rats with ascitic ovarian tumors. 
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MATERIALS AND METHODS 

Experiment were performed on 125 female Wistar 
rats weighing 180-200 g. Ovarian tumor  cells were 
obtained from the Oncology Research Center (Rus- 
sian Academy of Medcal Sciences) and were pas- 
saged by injection into the per i toneum (16• 
cells in 0.3 ml normal  saline). The animals were 
divided into 5 equal groups.  The rats of  four  
groups were inoculated with tumor cells. Groups 1 
and  5 served as controls .  Group  2 rats were  
treated only with thioTEPA, group 3 rats received 
th ioTEPA and were subjected to an AMF, and 
group 4 rats were just exposed to an AMF. The 
treatment was started on day 2 after inoculation. 
ThioTEPA was injected intramuscularly in a single 
dose of 15 mg/kg, which is close to the maximum 
tolerate dose. The animals were treated with an 
A M F  as described elsewhere [8], the field being 
applied to the head, and the exposure time vary- 
ing from 15 sec to 1 rain. The A M F  had an in- 
duct ion of 0.3 mT and a f requency of 50 Hz. 
Such a low AMF intensity was achieved by chang- 
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hag the distance between the core of the apparatus 
and the rat. The animals were sacrificed on day 7. 
The thymus weight was calculated per 100 g body 
weight. Histological sections 5 g thick were stained 
with methyl green-pyronin and azure-II-eosin. Mor- 
phometry was performed with the use of the Avtan- 
dilov ocular net [1] and an ocular micrometer. In 
sections stained with ethyl green-pyronin we deter- 
mined the mean volume of the lobule, cortical, and 
medullar substance and the percentage of lobules ac- 
cording to their class [11], and calculated the num-  
ber of thymic bodies in a lobule. In the sections 
stained with azure-II-eosin we studied the cell com- 
position and calculated the number of cells and 
mitoses on a standard area at magnification 900. In 
each case 10-20 tests were performed and 5000-7000 
cells were counted. The results were statistically ana- 
lyzed using Student 's t test. 

RESULTS 
Morphometr ic  studies showed that pa thomorpho-  
logical alterations in the thymus occurred in all 
groups of animals with ovarian tumors,  as evi- 
denced by comparison with intact animals (Table 
1). They intensity of these alterations was differ- 
ent. They  were maximal  in group 2 rats: the 
weight of the thymus, the width of the cortex, and 
the size of lobules were smaller (p<0.001), and 
there were more small lobules and much  fewer 
large ones (2<0.01) In rats of groups 3 and 4 the 
alterations of the thymus were much  less pro-  
nounced  that in rats of groups 1 and 2. The thy- 
mus weight increased especially noticeably in group 
4 (p<0,001), though remaining lower than normal, 
the mean area of  the lobules reached the normal  
value, the cortex was considerably wider, particu- 

TABLE 1. Relative Weigh t  of the Thymus and Morphometr ic  

larly in group 4 a n i m a l s  (p2_3.4<0.01), and  the 
number  of  small lobules decreased,  while the 
number of large lobules increased (/92.3.4<0.001). In 
these groups the main mass of the thymus was 
represented by large and medium lobules, indicat- 
ing that the thymus weight had increased due to 
hypertrophy of  these lobules (Fig. 1). The num-  
ber of thyrnic (Hassall's corpuscles) was the low- 
est in group 2 and pathologically increased in 
group 1 (p<0.001). Although a large number  of 
thymic corpuscles  was de tec ted  during t umor  
growth, these bodies were inactive (they were en- 
larged and sclerotic). In other groups the number  
of thymic corpuscles was somewhat higher than 
normal; however, they did not differ f rom those 
in the intact control, which indirectly indicates the 
normalization of thymic hormonal  activity. The 
groups 3 and 4, the meduUa-cortex ratio attests to 
the activation of  both the lymphoid and epithelial 
components  of the thymus. 

Cell composition in the thymus varied depend- 
Lug on the experimental conditions. The most pro- 
nounced pathological alterations were observed in 
group 2 animals (Table 2). In the subcortical zone 
of the thymus in these animals, the total number  
of cells per unit area was the lowest, being 2-fold 
lower that  in the  o the r  expe r imen ta l  groups  
(2<0.001) and almost 3-fold lower than in intact 
animals (2<0.001). In group 2 animals, the per- 
centage of reticuloepitheliocytes and low-differenti- 
ated cells were the highest, the number  of  mito- 
ses was the lowest, while the number  of degener- 
ating cells was the highest (2<0.001). The pre- 
served iymphocytes were hyperchromatous and had 
pycnotic nuclei. The thymus contained large num- 
bers of neutrophils, whose role under  the chosen 
experimental conditions is ambiguous [6,11]. In 

Results for Different Variants of Anti tumor Therapy (M• 

Note. Here and in Table 2: one asterisk indicates p>0.05 according to Student's t test. 
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groups 3 and 4, these parameters  were not  so 
markedly altered, but were similar to those of in- 
tact animals (Table 2). For example,  the total 
number  of cells and the number of small lympho- 
cytes were just as high, and the number  of degen- 
erating cells was just as moderate,  as in group 1 
rats (p>0.05). However, the number of mitoses was 
significantly h igher  (p<0.01). The macrophage  
count was markedly decreased in rats of both the 
1st and the 3rd groups compared with the intact 
animals  (p<0.001), whereas there were no signifi- 
cant differences in group 4. 

Fig. 1. Thymus under different expe- 
rimental condit ions,  a) intact  animals. 
High d e n s i t y  of l y m p h o c y t e s  in the 
lobule.  The c o r t e x : m e d u l l a r  ratio is 
equal  to I. Ac t iva t i on  reac t ion ,  b) 
administration of thioTEPA. Atrophy and 
dys t rophy  of the  lobules .  Stress rea-  
ction, c) combined influence of thioTEPA 
and AMF. Marked hyperplasia of lym- 
pho id  t i s sue  in the l obu la r  cor tex .  
Activation reaction, d) tumor growth in 
normal saline. Pronounced  hyperplasia 
of l y m p h o i d  t issue.  St ress  reac t ion .  
Staining with a z u r e - I I - e o s i n ,  x140. 

In the central part of  the thymic cortex, the 
number of cells per unit area was again the lowest 
in group 2. The number of reticuloepitheliocytes in- 
creased 8-fold compared with intact rats (p<0.001). 
The number of degenerating cells increased consid- 
erably, while the number of mitoses remained the 
lowest compared with the other experimental groups 
(p<0.05). The greater number  of degenerating ceils 
and macrophages than in other groups (p<0.001) 
pointed to the intensification of destructive processes 
in the thymus. In group 1 rats these processes were 
less pronounced, their intensity being the lowest in 
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groups 3 and 4. In group 3 rats, the overwhelming 
majority of cells in the thymus were represented by 
small lymphocytes, and the count of low-differenti- 
ated cells was somewhat reduced (Table 2). It should 
be noted that in group 4 rats the number of mac- 
rophages was higher than in all the other groups 
(2<0.01). The role of macrophages as a microenvi- 
ronment of thymocytes is documented [4]. 

In the central zone of the medulla the number 
of cells per unit area was again lowest in the sec- 
ond group  (2<0.05). The thymus  of group 2 
animals contained the greatest number of degenerat- 
ing lymphocytes, while the mtmber of  mitoses was the 
lowest compared with the other groups (2<0.001). In 
group 3, cell density was high, small lymphocytes pre- 
vailed, and the number of reticuloepitheliocytes was 
the lowest (p<0.001). In group 4 rats these parameters 
were essentially similar to those in intact animals. 

Comparison of the morphological alterations of 
the thymus and the ant i tumor effect showed that 
the magnitude of  the later depends on the non-  
specific anti tumor resistance (which is increased at 
a high functional activity of  the thymus) and on 
the specific action of chemical agents, although 
this has a negative effect on the thymus. For ex- 
ample, the total antitumor activity in group 3 ani- 

mals 98% (11% tumor resorption and 87% tumor  
growth inhibition). In group 4, the total antitumor 
activity was 60% (4% resorption and 56% inhibi- 
tion), but the thymus in these animals was more 
active. A pronounced accidental involution of the 
thymus was observed in group 2, and althoug~h the 
antitumor effect 50%, complete resorption of the tu- 
mor  occurred only in 2% of the animals. In this 
group the antitumor effect was due to the specific 
activity of thioTEPA on tumor cells; however, the 
toxic activity of  this drug was manifested in the 
inhibition of the morphofunctional activity of the 
thymus. When thioTEPA was combined with AMF, 
the nonspecific component participated in the devel- 
opment  of an antitumor effect, and the nonspecific 
resistance of the organism increased due to the 
adaptive activator reaction, which was accompanied 
by a fairly high functional activity of  the thymus. 

Thus, the thymus responds in different ways 
to the maximum tolerated doses of the cytostatic 
th ioTEPA applied alone or in combinat ion with 
AMF. A pronounced inhibition of thymus function 
was observed after therapy with th ioTEPA alone: 
the number  of thymocytes was equally small both 
in the center and at the periphery of  the lobule, 
which may indicate decreases and increases of rod- 

TABLE 2. Content of Different Cells per Unit of Thymic Area for Different Variants of Antitumor Therapy (M•  

Cells 

Total n u m b e r  
Small lymphocytes ,  % 
Medium lymphocytes  
Lymphoblas ts  
Ret iculoepi thel iocytes  
Macrophages  
Number  of mitoses 
Number  of degenera t ing  cells 

G r o u p  

1 2 I 3 4 
Subcapsu lar  zone  o f  the  cortex 

69-"2.0 
63 
13 
14 
8 

1.9 
1.6-"0.32 
3.7• 

37-"0.7 
38 
30 
14 
15 
3 

0.8-"0.03 
21.5-"0.7 

58-"1.8 
64 
14 
17 

4,5 
0.5 

4.1-"0.2" 
4.8• 

68-"1.2 
73 
9 
6 
8 
4 

3,4-"0.5 
3.7-"0,8 

107• 
70 
8 
8 
10 
2 

4.6-"0,32 
1,1 -"0.09 

Total n u m b e r  
Small lymphocytes ,  % 
Medium lymphocytes  
Lymphoblasts  
Reticuloepitheliocy-tes 
Macrophages  
Number of mitoses 
Number  of degenera t ing  cells 

Central  zone  o f  the m ed u l l a  
36-"1.5 

18 
5 
6 

59 
12 

0.26-"0.03 
9.9-"0.1 

35-"1.6 
23 
6 
3 

48 
20 

0.18-"0.03 
24.0-"4.1 

43-"0.1 
27 
7 
9 

40 
10 

0,56-"0,1 
3.2-"0.7 

47-"1.1" 
32 
1 
7 

46 
14 

0.6-----0,1 
4.7-"0.3 

49--1.7 
23 
8 
10 
49 
10 

0,87-~0,1 
1.7-"0.4 
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gration of lymphocytes in and out of the thymus. 
The low number  of mitoses with a high number  
of low-differentiated ceUs, denudation of the thy- 
mic stroma, and the large number  of cells with 
hyperchromatous and pycnotic nuclei may be due 
to inhibited activity of  the lymphoid and epithe- 
lial components with delymphatization and coUapse 
of the lobules [10]. Similar alterations were re- 
ported to occur in the thymus after administration 
of 5-fluorouracfl [15]. Presumably, since the struc- 
ture of the thymus reflects the immune status [14], 
such alterations are manifestation of the secondary 
immunodeficiency that is observed for the influ- 
ence of cytotoxic agents and during tumor growth 
and that can be characterized as stress [16]. The 
appl ica t ion  of  an A M F  in doses inducing  an 
antistress activation reaction result in stimulation of 
lymphocytes and epithelial components of the thy- 
mus, as is evidenced by the high number  of lym- 
phoblasts, elevated proliferative activity, and a cer- 
tain increase in the number of HassaU's corpuscles. 
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