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A previous investigation [i0] showed that the functional state of the T system of im- 
munity in experimental tuberculosis is largely determined by the hormonal activity of the 
thymus, as shown by the lower intensity of the tuberculosis lesion in guinea pigs following 
transplantation of the thymus into them by the diffusion chamber method. These results are 
in agreement with those obtained in thymectomized mice infected with tuberculosis [I]. 

After thymectomy in adult rats their immunologic potential is known to fall progress- 
ively [13]. 

The object of this investigation was to study the course of experimental tuberculosis 
in the presence of a varied degree of deficiency of the T system of immunity and correction 
of the immunodeficiency by administration of the thymus preparation thymalin (a basic poly- 
peptide consisting of 38 amino acids) [6]. 

EXPERIMENTAL METHODS 

The experimental scheme is illustrated in Fig. I. Experiments were carried out on 180 
female albino rats, thymectomized (experimental) and intact (control). 'Thymectomy was per- 
formed on the animals at the age of one month, by a surgical method under ether anesthesia. 
Completeness of removal of the thymus was verified macroscopically at autopsy on the animals 
and by histological examination of the cellular tissue of the anterior mediastinum. Rats 
with residual thymus tissue were rejected. Rats with different degrees of development of 
immunodeficiency, i.e., 3, 6, and 9 months after the operation (age groups i, 2, and 3), were 
used for infection. Each group was accompanied by control animals of corresponding age. A 
culture of M. ~beraulos~s strain bovis 109 was injected subcutaneously in a dose of 1 mg 
per rat. Two months after injection half of the thymectomized rats began to receive intra- 
muscular injections of thymalin three times a week in a dose of 1.5 mg/kg body weight (14 
mg per course of treatment). The other half of the thymectomized animals received injections 
of the same volume of solvent. The peripheral blood was investigated before infection and 
again 2 and 4 months after infection. The number of leukocytes and the blood formula, deter- 
mined in films stained by Pappenheim's method, and lymphocytology also was carried out. The 
peripheral blood leukocyte migration inhibition test to PPD was carried out in capillary 
tubes by Artemova's method [2] 2 and 4 months after infection. All animals of a given age 
group were killed with ether 4 months after infection. The lung lesions found at autopsy 
were assessed in accordance with a 4-point system [5]. The results of examination of the 
peripheral blood and inhibition of leukocyte migration were subjected to statistical analysis 
by the Student--Fisher method [9] and the indices for the lung lesions were analyzed by a non- 
parametric method using the Wilcoxon--Mann-Whitney U criterion [3]. 

EXPERIMENTAL RESULTS 

The results showed that the severity of the course of tuberculosis in the experimental 
rats was significantly determined by the intensity of the immunodeficiency: In groups 1 and 
2 (3 and 6 months respectively after the operation) the index of lung involvement in the 
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Fig. 2. Changes in migration activity of pe- 
ripheral blood leukocytes (spontaneous and in 
response to PPD) in control and thymectomized 
rats with different degrees of immunodeficiency. 
Abscissa, time after infection (in months); or- 
dinate, migration (in conventional ocular mi- 
crometer scale units). A) Control animals; B) 
thymectomized animals; C) thymectomized rats 
treated with thymalin. I-III) Groups i, 2, 
and 3 respectively, i) Spontaneous migration; 
2) migration in response to PPD~ Asterisk in- 
dicates significance of differences. 

thymectomized animals, both treated and untreated, did not differ significantly from the 
level of involvement in the control rats. In the thymectomized rats of group 3 (9 months 
after the operation), on the other hand, the index of involvement was 2.0 (i.0 in the cor- 
responding control; P = 0.05). Injection of thymalin into the thymectomized rats of this 
group significantly reduced the intensity of the tuberculosis lesion (index of involvement 
0.8). Comparison of the indices of lung involvement in the control animals and in those of 
age groups I, 2, and 3 did not show any significant difference (0.8, 0.8, and 1.0 respec- 
tively). 

Inhibition of immunologic reactivity in the thymectomized rats was confirmed by the 
data of lymphocytometry [7]. The results in Table 1 show a sharp fall in the level of small 
lymphocytes in the thymectomized rats, most marked in age group 3. The age decrease in the 
number of small lymphocytes in the control animals was by a much lesser degree. Injection of 
thymalin into the thymectomized rats did not change the number of small lymphocytes in any 
age group compared with that found in thymectomized untreated animals, but it was accompanied 
by a fall in the level of the population of large and medium lymphocytes. 

Thymectomy led not only to quantitative changes in the peripheral blood lymphocyte sub- 
population, but also to disturbance of some of their functional parameters; in particular, 
lymphokines production during stimulation by PPD and the migration properties of the pe- 
ripheral blood leukocytes were modified. 

Spontaneous migration of peripheral blood leukocytes is known to correlate with the 
level of functional activity of the T system of immunity [8]. Analysis of spontaneous mi- 
gration in the control and thymectomized animals of all age groups showed a sharp decline 
in migration activity, due evidently to the development of the tuberculous lesion, and was 
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most marked in the rats of group 2. Injection of thyma!in, while reducing the severity of 
the tuberculosis in the animals of group 3, at the same time caused a significant increase 
in spontaneous leukocyte migration. 

The development of tuberculosis not only inhibits spontaneous migration of leukocytes, 
but also completely blocks lymphokine production by lymphocytes in vitro in response to PPD 
in thymectomized untreated rats of all groups 4 months after the beginning of the disease 
(Fig. 2). Two months after infection, in response to PPD the thymectomized rats of groups 
2 and 3 showed significant stimulation of migration, evidently due to the production of mi- 
gration-stimulating factor by the lymphocytes. The cause of the switch from lymphokine pro- 
duction in response to PPD in vitro during the development of tuberculosis in the control 
and thymectomized rats was evidently a difference in the degree of sensitization and the 
predominant response of the T and B lymphocyte subpopulations. According to data in the 
literature [ii], PPD is a mitogen for the B population even in unsensitized animals. The 
pQssibility cannot be ruled out that when rats treated with thymalin developed sensitization 
the response of the B population to stimulation by PPD in vitro is effected through the 
thymalin-stimulated helper subpopulation of T lymphocytes. 

The similarity between responses to PPD in the rats of group 3, which were thymectomized 
and treated with thymalin, and the control rats, and also potentiation by thymalin of re- 
sponses typical of the control nonthymectomized animals, will be noted. 

Variations in the response of the control rats to PPD observed in the course of develop- 
ment of tuberculosis are in harmony with the contradictory results of investigations of in- 
hibition of peripheral blood leukocyte migration in clinical practice [4, 12]. 

The results of this investigation thus indicate that the development of experimental 
tuberculosis depends on the degree of intensity of the ir~nunodeficiency, and ability of the 
lymphocytes to form lymphokines in response to PPD. Injection of thymalin into immunode- 
ficient rats led to restoration of the animals's immunologic reactivity, as reflected in the 
results of lymphocytometry and data on the functional properties of the lymphocytes obtained 
in the leukocyte migration inhibition test, and it reduced the severity of the tuberculosis 
process. 
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