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SUMMARY 

Female SHR mice, aged 3.5 or 12 months, were exposed monthly to 5-day long 
courses of subcutaneous injections of 0.1 mg thymus-derived or pineal gland-derived 
polypeptide factors ( IT and PF, respectively) or 0.9070 sodium chloride solution 
(control). PF treatment increased life span of  both young and middle-aged mice by 
20070 and 17070, respectively, and TF increased the life span only in young mice. Both 
factors when administered to young mice caused a decrease in both overall tumour 
incidence and incidence of mammary adenocarcinomas (TF, 1.8-fold decrease; PF, 
2.6-fold decrease). TF administration to mature mice did not produce any antitu- 
mour effect, whereas PF possessed certain anti-turnout activity, but the response 
was far less pronounced than in young animals. The results obtained give additional 
evidence of the geroprotective and anti-turnout effect of thymus and pineal gland- 
derived peptide factors. The mechanisms of action of TF and PF and perspectives of 
clinical use of these agents as geroprotectors are discussed. 
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INTRODUCTION 

The problem of human life prolongation is one of the most important and 
difficult medico-biological questions ever existed. The search of effective 
geroprotective means is seriously aggravated by: (i) existence of several controversial 
theories of ageing; (ii) incompleteness of information on possible side effects of 
existing geroprotective agents (for example some geroprotectors such as antioxi- 
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dants and chelating agents possess carcinogenic properties whereas a number of 
other agents or factors inhibit growth and reproductive function) [ 1--5]. 

According to the immunological theory of ageing, age-related immune disfunc- 
tion results in a reduction of resitance to infection, and an increase of the risk to 
autoimmune diseases and cancer [6--9]. Therefore, experimental attempts to stop or 
at least slow-down the age-associated decrease in immunoreactivity of aged labora- 
tory animals using lymphocyte or thymocyte transplantation from young donors [9] 
are justified. It is noteworthy that low molecular weight peptide factors obtained 
from the thymus and bone marrow may also be of value in this respect [9-- 11 ]. 

In recent times a number of reports have appeared in the literature on a 
regulatory role of the pineal gland in ageing and anti-tumour resistance. Thus, neu- 
roendocrine and immune system-modulating function of the pineal gland was shown 
to be altered [12--14] in ageing and cancer development [15--18] and pineal gland 
hormone administration suppressed tumour growth and increased life span in ani- 
mals [18--231. 

We have previously shown in mice and rats that long-term administration of low 
molecular weight peptides (cytomedines) extracted from thymus and pineal gland 
(the treatment was commenced when animals were 2--3.5 months old) increased the 
life span and reduced the incidence of spontaneous tumours [18,19,24,25]. 
However, the problem when best to initiate the treatment schedule needs to be 
resolved; i.e. in early post-pubertal period, middle age or onset of ageing. 

In the present report the results of a comparative study on the effect of 
administration of thymus- and pineal gland-derived factors on life span and 
spontaneous tumour incidence in young and middle-aged mice are described. 

MATERIALS AND METHODS 

Animals 
Two-month-old virgin females of Swiss-derived outbred SHR mice were obtained 

from "Rappolovo" Animal Farm of the Academy of Medical Sciences of the USSR. 
The animals were kept 7--8 per plastic cage at 21--23°C under a 14 h light/10 h 
dark light cycle and were fed with standard laboratory chow and water ad libitum. 

Low molecular weight peptide factors o f  thymus and pineal gland 
The physiologically active substances were prepared from bovine thymus and 

pineal gland, as described earlier with an additional purification of the substances by 
ion-exchange chromatography with subsequent preparative isoelectrofocusing 
[11,19,26,27]. The detailed descriptions of the thymus-derived (TF) and pineal 
gland-derived (PF) factors were presented elsewhere [19,27]. The commercial drug 
forms of these factors (TF-thymalin, PF-epithlamin) are permitted by the 
Pharmaceutical Committee of the USSR Ministry of Health for medical use and are 
in use for treatment of patients in clinics. 
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The study o f  TF and PF influence on the life span and spontaneous tumour 
incidence 

Mice (101) aged 3.5 months and 104 mice aged 12 months were randomly divided 

into 6 groups (3 groups of each age marked respectively as "young"  and "middle- 
aged"). From the above mentioned ages until natural death the animals received 
monthly a 5-day course of injections of 0.1 ml 0.9070 sodium chloride solution (con- 
trol) or the same volume of solution containing 0.1 mg TF or PF per mouse, respec- 
tively. 

Pathological examination 
All animals were kept until death or killed when moribund. Complete necropsies 

were performed and skin, brain, thymus, liver, lung, kidney, spleen, gonad and 
other tissues showing macroscopic lesions were fixed in 10070 buffered formalin. 
Paraffin sections 5w7 tan thick were stained with haematoxylin and eosin and 
examined histologically. Contexts of observation were registered for all tumours 
[28]. All the tumours were classified according to IARC recommendations [29]. 

Statistics 
The results of the experiments were treated statistically using "life-table" 

method, adjusted for intercurrent mortality, for fatal and incidental tumours in 
combination [28]. Student's t-test was also used. Statistical treatment of the results 
was carried out using Canon AS-100 mini-computer (Canon Inc., Japan). 

RESULTS 

TF and PF influence on the life span o f  female SHR mice 
The comparison of life duration data in two control groups observed from the 

age of 3.5 and 12 months (see Table I) and comparison of the survival curves in these 
two groups (Fig. 1) shows homogeneity among groups. The difference in maximal 
life span between "young"  and "middle-aged" mice is a result of chance as it is seen 
from Fig. 1. The calculation of the ageing rate for young and middle-aged control 
groups has shown approximately similar values. The ageing rates were calculated as 
values of a in Gompertz equation 

R = R0 x ext 

where R = mortality, R 0 = mortality at t (time) = 0, e = base of the natural 
logarithms, a constant. 

Long-term treatment of young and middle-aged female mice with PF resulted in 
20°70 and 17070 increase of mean life span in respective age groups (taking into 
account only time from the commencement of treatment). At the same time, the 
maximal life span of middle-aged TF- and PF-treated mice was shorter than that in 
the young ones (Table I). Figure 2 shows that treatment with PF markedly shifted 
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Fig. 1. Kaplan-Meier estimation of  animal survival in young and middle-aged age control groups (only 
animals that survived more than 12 months were included into analysis). OX - -  age (days); OY - -  °70 sur- 
vived; open squares - -  young animals; f'flled squares - -  middle-aged animals. 

survival curves of  both age groups to the right comparing to corresponding controls. 
TF effect was much weaker and was detected only in young mice. The ageing rate 
calculation in young and middle-aged groups treated with TF or PF revealed the 
slow-down of  ageing in young animals compared with middle-aged ones: a(TF 
young) = 0.0065 day -1 vs. a(TF middle-aged) = 0.0071 day -1, a(PF young) = 
0.0052 day -~ vs. a(PF middle-aged) = 0.0077 day -I. 

It is noteworthy that TF and PF administration increased life span of  tumour-free 
young mice by 12070 and 20070 (P < 0.05) respectively, i.e. exerted true geroprotective 
effect. In middle-aged animals this increase was 15070 and 36070, respectively (P < 
0.05) (see Table I). 

TF and P F  influence on spontaneous tumour incidence in S H R  female  mice 
TF and PF administration to young mice caused significant reduction in 

spontaneous tumour incidence, first of  all because of  decrease of  mammary tumour 
incidence - -  1.g-fold and 2.6-fold, respectively, P <  0.025 (Tables II and III). 

As it is shown in Fig. 3a, TF and PF administration shifted curves of  tumour-free 
survival to the right in young mice, whereas in middle-aged group only PF treatment 
exerted similar, but feebly marked effect (see Fig. 3b). 

It is clear from Fig. 4a that in mice treated with TF and PF from the age of  3.5 
months, mammary tumour development was significantly inhibited. This result is 
also supported by the fact of  decrease of  number of  mammary adenocarcinomas per 
tumour-bearing animal: 1.46 - -  control group; 1.22 - -  in TF-treated mice; 1.20 - -  
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Fig. 2, Survival estimation in young (a) and middle-aged (b) animals of all experimental groups (Kaplan- 
Meier method). OX - -  age (days); OY - -  % survived; open squares - -  young animals, control; open 
triangles - -  young animals, "IF; open circles - -  young animals, PF; filled squares - -  middle-aged ani- 
mals, control; filled triangles - -  middle-aged animals, TF; filled circles - -  middle-aged animals, PF. 

in PF-treated mice. In middle-aged group this effect was absent, at the same time the 
response to PF administration was reduced comparing to young mice (Fig. 4b). 

TF and PF treatments did not significantly influence any other than mammary 
gland tumour development. It must be mentioned, however, that a tendency 
towards decrease of  incidence of  leukaemias and other tumours in middle-aged 

animals, treated with TF and PF (Table II) was observed. 
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Fig. 3. Time-to-tumour estimation in young (a) and middle-aged Co) animals of  all experimental groups 
(Kaplan-Meier method). OX - -  age (days); OY - -  % survived without any tumour .  Symbols for experi- 
mental groups are as in Fig. 2. 

DISCUSSION 

The present experiments have shown that geroprotective effect of TF and PF in 
SHR mice was less pronounced than in previous experiments in C3H/Sn mice [19]. 
This may result from both strain peculiarities of the animals used and preparation 
dosage differences. In the experiments with C3H/Sn mice, TF and PF were adminis- 
tered using the same schedule, but a daily dose was 0.5 mg per mouse, providing as a 
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Fig. 4. Time- to- tumour  estimation for m a m m a r y  adenocarcinomas in young (a) and middle-aged (b) 
animals o f  all experimental groups (Kaplan-Meier method).  OX - -  age (days); OY - -  % survived without 
m a m m a r y  adenocarcinomas.  Symbols for experimental groups are as in Figs. 2 and 3. 

result life span prolongation by 28°70 and 3 1 070, respectively [1 9], whereas in the pres- 
ent experiment in SHR mice a daily dose was 0.1 mg per animal. In rats we have 

previously shown geroprotective and anti tumour effect of  PF to be dose dependent 
[24]. It is interesting that PF possessed geroprotective and anti-tumour effect when 
administered both in young and in middle age, while TF was effective only in young 
mice. It is also noteworthy that the mean life span in young and middle-aged treated 
groups was about the same but the maximal life span was reduced in middle-aged 
mice. The reasons of  this phenomenon are obscure now. One suggestion is the dif- 
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ference in the slope of survival curves (ageing rate) in TF- and PF-treated young and 
middle-aged mice. Similar regularities of the same relationship between ageing rate, 
mean and maximal life span were summarized elsewhere [5]. At the same time there 
is a high correlation between ageing rate and tumour incidence in animals untreated 
or treated with geroprotectors [2,5]. These findings seem to serve a good explanation 
for more pronounced anti-tumour effect of TF and PF in young mice compared 
with the middle-aged group. 

These observations allow us to propose that TF administration may be 
recommended first of all at a relatively young age, whereas PF is effective in a wider 
age range. This is in accordance with the data that the thymus-derived agent thymo- 
sin restores immunological response in young mice more than in old ones [30], and 
repeated thymus grafting from newborn mice increases life span only in the case of 
commencement of this procedure in young age [31]. As was previously described 
[32], dietary calorie restriction results in an increase in life span and decrease in 
spontaneous tumour frequency after caloric restriction not only in young (2--3 
months), but also in mature (12--17 months) age. However, in mice of older age 
groups this effect was less evident than in young ones. Despite the fact that the gero- 
protective effects of TF and PF on the one hand, and caloric restriction on the other 
hand, are different (the latter increases maximal life span, whereas peptide prepara- 
tions did not increase maximal but only mean life span), some mechanisms of gero- 
protective action of all these influences could be similar. 

The mechanism of geroprotective action of caloric restriction appears to be 
complex and dependent on slow-down of ageing of immune system [32] and 
neuroendocrine system, in particular on slowing of age-related decrease of 
functional activity of pineal gland [33], exerting multifactorial modulating influence 
upon both systems mentioned [5, 12--14, 20]. Previously it was shown that TF and 
PF application delays age-associated immunity alterations in mice [19,32]. This 
phenomenon may be of importance in the mechanisms of geroprotective and anti- 
tumour action of these cytomedines. On the other hand, it is noteworthy, that if 
thymus-derived factor stimulates specifically cell-mediated immunologic reactions 
[11,19,27,34], then PF, alongside with immunomodulating effect provides normal- 
izing influence on a series of naturally occurring age-related hormone-metabolic 
shifts facilitating development of neoplasia [5,19,24,35,36]. Besides, it has been 
shown that long-term administration of PF delays age-related loss of estral function 
in female rats, restores fertility in old female rats with persistent estrus, and 
decreases the threshold of sensitivity of the hypothalamo-pituitary system to estro- 
gens by feedback inhibition [5,24]. It is quite probable that this property of PF 
causes multiple effects at the level of different homeostatic systems of the organism 
and, eventually, defines its geroprotective and anti-tumour effects, because increase 
in the threshold of sensitivity of hypothalamus to inhibition seems to play a leading 
role in the elevation mechanism of ageing and formation of age-related pathology 
including cancer [35,36]. 
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We have also s tudied the inf luence  of  T F  and  P F  on  the development  of  t umours  

induced by  di f ferent  chemical  carcinogens (7 ,12-dimethylbenz[a]anthracene  and  

n i t rosomethylurea)  and  whole-body X-ray  i r radia t ion.  In  all these cases carcinoge- 

nesis- inhibi t ing ac t ion  of  the p repara t ions  tested was observed [5,18,37--40].  

Thus ,  there is a growing body  of  evidence [5,18,19,24,34, present work] 

indicat ing on  the capacity of  low molecular  weight peptide factors extracted f rom 

thymus  and  pineal  g land to p ro long  an imals '  life span,  s imul taneously  inhib i t ing  

spon taneous  t u rnou t  development .  These observat ions  provide an  evidence suppor t -  

ing a concept  on  the possibilities o f  practical  appl ica t ion  of  these agents in clinical 

s i tuat ions for the p ro longa t ion  of  the period of  active life and  pr imary  cancer pre- 

ven t ion  not  only  in young,  bu t  also in  ma tu re  age. At  the same t ime the p rob lem of  

fur ther  isolat ion,  and  charac ter iza t ion  of  indiv idual  active peptides and  investiga- 

t ion  of  their effects on  life span  and  t u m o u r  deve lopment  is an actual  task of  our  

current  experiments .  
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