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Summary 

The 20 month-long treatment of female rats with daily doses of 0.1 or 0.5 mg of polypeptide 
pineal extract (PPE) per animal increased their lifespan by 10 and 25 %, respectively, as compared 
with controls. At the age of 16-18 months, 38 % of control rats exhibited persistent disturbances 
in estral function (constant estrus or repeated pseudogestations), whereas these disorders were ob
served in 7 % of experimental animals only. After administration of PPE to 16-18 month-old fe
nHlle nIts checked for sterility by a two-week mating, a second mating period resulted in gesttltion 
development in four out of 16 animals and deliveries, accordingly. While chronic treatment with 
PPE did not affect the rate of neoplasm incidenee, the mean age of tumour detection in the control 
group W,\S 697 days and in experimental groups it was 811 and 868 days, respectively. Certain as
pects of the interrelationship of rate of ageing, lifesp,ln and specific age pathology ,Ire discussed. 

A large-scale search for means of extending the lifespan of humans is under way. How
ever, it has been generally assumed that the mechanisms of physiological ageing, on the one 
hand, and formation of specific age pathology, on the other, are essentially different. Hence, 
it follows that annulment of basic ageing-associated diseases would not necessarily result 
in a longer lifespan (HAYFLICK 1976). However, some evidence points to the key-role of 
regulatory disturbances in the mechanisms of natural death of higher organisms and specific 
age pathology (DILMAN 1977 a, 1978 a, 1978 b). According to the theory based on this evi
dence, formation of specific age pathology is related to the law of deviation of homeostasis 
which assures the development of the organism. On completion of body growth, the pro
grammed deviation of homeostasis brings about age pathology development and the latter 
factor appears to be the immediate cause of natural death in old age (DILMAN 1978a, 1978b). 
In the terms of this theory, the inevitable deviation of homeostasis manifests itself in the 
ageing-associated changes in the threshold of sensitivity of the hypothalamus to regulatory 
stimuli. This phenomenon occurs in the four main hypothalamus-controlled homeostatic 
systems - energy, reproductive, adaptive and thyroid homeostats (DILMAN 1978b). From 
the viewpoint of this theory, lifespan may be prolonged by influencing the mechanism of 
development of diseases of ageing. Since our study was based on the above concept, we chose 
polypeptide pineal extract (PPE) as a factor of influence on lifespan and the rate of age 
pathology incidence. This preparation includes a number of polypeptides which exert a 
specific effect on the neuroendocrine system. For instance, our previous investigations 
showed that PPE can raise the sensitivity of the hypothalamo-pituitary complex to inhi
bition by prednisolone and estrogens (OSTROUMOV A and DILMAN 1972; ANISIMOV et al. 
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l!J73), can cause t he estral function to resume in old rats with constant estrus (ANISlllIOV 
et at. 1973) and lower the levels of insulin and triglycerides in blood (OSTROUlIIOVA and VASIL

JEVA 1976), i.e. it can influence the functional condition of the three main homeostatic 
systems. In this study, the use of lifespan duration as a criterion of PPE effect on ageing 
processes was supplemented by application of such a parameter as the condition of the repro
ductive system, because the ageing-connected termination of the reproductive fun ction is 
a specific manifestation of ageing. The rate of incidence of spontaneous tumours was em
ployed as the indicator of development of specific ageing-associated pathological processes, 
because ageing and tumour incidence are connected by a correlation both in man (DOLL 
-et at. 1970) and rats (ANISIMOV 1976). 

111. aterial and methods 

Polypeptide pineal extract (PPE) was prepared from acetonic powder of bovine pineal glands 
by extraction with 0.1 N acetic acid with the presence of ZnCI2 for 72 hrs ; [titer centrifugation the 
supernatant was precipit"ted by 4- 8 volumes of acetone. The acetone "ndether-dried precipitltte 
was lyophilized and sterilized. Fractionation of PPE with Biocarb carboxyl C<l.tionite yielded three 
fractions, the ratio being 74: 16 : 10 in the total extract. Subsequent analysis showed that fractions 
I, II and III have the following parameters: molecubr weight = 250, 11,000 and 12,000 dalton; 
a!fa-amine nitrogen = 1.40 x 10-3 , 0.34 x 10- 3 and 4.0 x 10- 3 ,uMjmg, and isoelectric points = 3.05; 
5.0 and 10.5, respectively. Total PPE preparation was used in all experiments. 

Series 1 of experiments consisted of 147 female rats supplied from the Rappolovo Animal F,Lrm 
of the U.S.S.R. Academy of Medical Sciences. The ltnimals were kept in plastic cages, six in eitch, under 
natural lighting conditions, at constant temperature of 23 DC; they were fed natural food and given 
tap water ad libitum. Beginning from the age of 3.5 months, some animals were injected 0.2 IIlI 
of saline (control) other mts received either 0.1 mg or 0.5 mg of PPE per animal in the same volume 
of saline, five times It week for 20 months (experimental groups). At the age of 16-18 months, when 
rats exhibit ltgeing-associated disturbances in estml funetion (ASCHHEIM 197G), vaginal sme~trs were 
taken daily. Dead animals were autopsied. All neoplasms were examined microscopially. 

In the course of Series 2 of the experiments, 17 females , aged IG- 18 months, with eonstant 
estrus, were m<l.ted for two weeks; subsequently these females were observed for another :21 days. 
The one rat that became pregnant and gave birth was discarded. The remaining rats were injected 
2 mg PPE, subcutaneously, [) times a week, for three weeks. 7 days after the first injection , females 
were mated for another two weeks and the rats which glwe birth were counted agltin. Experimental 
resnlts were treated statistically using Student's t-test and the X2 test. The curves of survival time 
rates were tmnsformed into linear anamorphoses by means of probit ,malysis (S'J'ORM 1979). The 
method of direct standardization was employed in calculations of the incidence of tumours (S'rOlD'r 
1979). Therefore, to statistic<l.lly estimate the tumour potenti<l.lity of the ra.ts we <l.dopted it " Life 
Table" technique according to SCHARDEIN et aI. (1968). 

Results and discussion 

The d<l.ta presented in table 1 demonstrate a direct correlation between the dose of PPE 
administered to female rats and their life-span. For instance, when 0.1 mg PPE was ad
ministered, survival time increased by 10 %, whereas after the admini stration of 0,5 mg 
- by 25 %. The decrease in the slope of linear anamorphoses of the survival ti me curves 
for PPE-treated rats (fig. 1) shows that the rates of ageing of these animals were actually 
slowed down. This co nclusion was also corroborated by the results of our study of estral 
fun ction in the 16- 18 month-old controls a,nd experimental animals. At this age, 23 % 
of the control animals exhibited constant estrus, while 15 % had repeated pseUdopregnancies. 
In the rats chrouically injected with PPE in the dose of 0.5 mg, estral cycle disturbances 
had been observed in 7 % of the animals (p < 0.05) by that period. It is noteworthy that 
out of 16 old rats which remained sterile after the first mating, four females beeltme preg
nant and gave birth to 5--9 fetu ses in a litter. Taking into account our previolls data on 
the lowering of the hypothalamic threshold of sensitivity til inhibition by estrogens and 
resumption of estrous cycles in spontaneous constant-estrus rats as a result of PPE treat
ment (ANISIMOV et a!. 1973), it may be inferred that such treatm ent has a normalizing ef
feet on the tonic and eycJic areas of the sex centre in the hypothalamus. Hence', if an eval-
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Fig. 1. Effect of polypeptide pineal extract (PPE) treatment on lifespan on female rats. Ordinate 
axis = percent (on the main diagram = probit scale), horizontal axis = 11ge, d1tyS. Straight lines = 
survival; curves = mortality. 1: control (saline) ; 2: PPE, 0.5 mg per day; 3: PPE, 0.1 mg per day. 
Symbols show every third animal. 

Table 2. Statistical estimation of the potentinlity of mts treated with polypeptide pineal extract 
to develop ttunours 

x* Ix dx ex qx px Px Qx 
Control 180-400 75 5 72.5 0 100.00 100.00 0.00 
(saline) 401-GOO 70 13 57.0 4 92.98 92.98 7.02 

GOl - 800 53 21 41.5 10 75.90 70.57 29.43 
801- 1000 22 12 16.0 9 43.7i5 30.87 69.13 

1001-1200 1 1 0.5 0 100.00 30.87 G9.13 
Polypeptide 180- 400 39 1 38.5 0 100.00 100.00 0.00 
pineal extrar·.t, 401- 600 38 7 34.5 0 100.00 100.00 0.00 
0.1 mg 601-800 31 8 27.0 4 85.19 85.1 9 14.81 

801- 1000 19 10 14.0 9 85.71 30.42 69.58 
Polypeptide 180-400 33 1 32.5 0 100.00 100.00 0.00 
pine" l extract, 401-600 32 1 31.5 1 96.83 96.83 3.17 
0.5 Illg 601 - 800 31 5 28.5 5 82.46 79.85 20.15 

801 -- ]000 21 6 18.0 4 77.78 62.11 37.38 
1001- 1200 10 G 7.0 4 42.86 26.62 73.38 

x* - Interval of time in davs 
Ix - No. of rats alive at beginning of period (Ix + 1 = Ix - dx - qx) 
dx - No. of rats died during period without tumours 
ex - Effective No. of rats during the period (Ix _1/2 dx) 
qx - No. of rats developing t umours during period 
px - Estimated No. of rats not developing tumours during period (100(1 - qx/ex)) 
Px - Cumulative % of rats not developing tumours (1)x x succeeding px) 
Qx - Cumulative % of ra,ts developing tumours (100 - Px) 
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Fig. 2. Effect of polypeptide pineal extmet (PPE) treatment on spontaneous tumour yield in fe
male rats. Symbols show all tumour-bearing aninu11s. Designations used as in fig. 1. 

uation is made on the basis of the criterion of reproductive function, PPE treatment ac
tually slows down the rate of ageing. In this connection, a problem arises in what manner 
the delay in ageing influences the incidence of pathological processes associated with ageing, 
in particular, the rate of tumour incidence. 

Table 1 shows that PPE treatment results in slight increase in the relative rates of spon
taneous tumour incidence, although this increase is statistically insignificant (p > 0.05). 
This increment seems to be due to the extension of the lifespan of the animals because the 
mean age tumour detection showed a statistically significant increase in the groups of PPE
treated rats. As can be seen from fig. 2, the rates of tumour incidence in the control group 
were much higher than in PPE-treated animals for each age group (e.g. 700,800 or 900 days). 
This conclusion is also confirmed by the results of calculations of the standardized coeffi
cients of tumour incidence (see table 1). Hence, the risc in tumour incidence rates in the 
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second experimental group should be acco unted for by the prolongation of lifespan of these 
animals. The incidence rates, sites and histological types of the tumours in both control 
and experimental groups conformed t o those usually observed in the rats of the strains used 
(ANISIMOV et al. 1978). It should be pointed out that the rates of incidence of malignant 
tumours were the same in all groups of the animals. The increment in the total number of 
tumours which arose in the PPE-treated rats was contributed to by benign tumours, ehiefl y, 
by pituitary adenomas and mammary fibroadenomas (see table 1). The mean age of detec
tion of malignant tumours was 697 days in the control group and 800 and 973 days in the 
experimental groups , respectively. 

Hence, the effect of PPE treatment is not limited to prolongation of lifespan of rats; 
also, it delays ageing as evidenced by the changes in the slope of linear anamorphoses of sur
vival time curves and its effeet on the reproductive system. Since the rates of tumour in
cidence for each age interval (e.g. 600, 800 days, fig. 2, table 2) were lower in experimental groups 
than in controls, it may be suggested that the delay of natural ageing results in retarding 
specific age pathology. Therefore, the solution of the problem of annulment of specific age 
pathology resulting in prolonging human lifespan depends to a considerable extent on the 
manner in which ageing-associated diseases will be eliminated. Ii we find drugs which will 
affect the mechanisms underlying body development, ageing and age pathology and, partic
ularl y, the regulatory mechanism s of these phenom ena, elimination of age pathology may 
involve a simultaneous increment in lifespan duration. The effect of PPE demonstrates this 
possibility. 

As far as the evaluation of PPE effect on the lifespan of animals and the rate of in
cidence of spontaneous tumours is eon cern ed, it may be supposed tha.t the a.ntitnmour 
effect of this preparation is related to its influence 0 11 the threshold of the sensitivity of the 
hypothalamo-pituitary eo mplex, to inhibition by peripheral hormones (OSTROUMOVA and 
DILMAN 1972; ANISIMOV et a!. 1973), improvement of earbohydrate t olerance and, th erefore, 
deerease in blood-insulin and triglycerides (OSTROUMOVA and VASILJEVA 1976), i. e. influence 
on di sturbances constituting on e of the eomponents of the syndrome of eancrophili a. (DIL
MAN 1978b), influence on metabolic immunodepression (BELOKRYLOV et al. 1976; DILMAN 
1978a, 1978 b), inhibition of the respiratory rjrcuit on mitochondrion level (KONDRASIIOVA 
et a!. 1977). 

Literature 

ANISIMOV, V. N., Spontaneous tumors in rats of different strains (R uss.). Vopr. Onkol. 22, 8, 98- 110 
(1976). 

- V. KH. KHAVINSON, V. G. i\fOROZOV ~tnd V. AI. Dn,MAN, Pineal extraet-ind ueed decline .in sen
sitivity of hypothalamo-pituitary system to estrogens in old femal e rats (Russ.). Dokl. Amd. 
Sci. USSR 213, 48:3- 485 (197:3). 

- V. A. ALEXANDIWV, V. F. KLIMASlIEVSKY, V. 1. KOLODIN, A. YA. LmHAcHEv, V. B. OKULOV, 
K. M. POZHARISSKY and O. P. SAVEL.IEVA, Spontaneo lls t umors in rat s bred at t he " Rappo
lovo" nursery of the USSR Academy of :Vledical Scienc.es (Russ.) . Vopr. Onkol. 24, 1, ()4- 70 
(1978). 

AS CHHEIM, P., Aging in the hypothalamic-hypophyseal-ovarian axis in the rat. In: Hypothalam us, 
Pituitary and Aging. Ed . A. V. EVERI'tt and .T. A. BURGES. Thomas Publ., Springfield 197G, 
pp. :3 76-418. 

BELOKRYI,OV, G. A., V. G. lVIOROZOV, V. KH. KJU VINSON a,n d B. N. SOFRONOV, Effec.t of low
molecular extraets of heterologie thymus, pineal an.d hypotha,lamns on. immun e response in 
mi ee (Russ.). Bnll. exper. BioI. Med. 81, 202-204 (1976). 

DlLMAN, V. M., Metabolic immllnodepressioll which increases the risk of umeer. Lancet 2, UOi- 1209 
(UJ77a). 

- Improvement of indiees of cellular immunity <tfter epithalamin treatment (Russ.). Vopr. Onkol. 
23 , 6, 7- 9 (1977b). 

- Ageing, metabolic immunodepression ~tnd carcinogenesis. Meehan . Aging &; Develop. 8, }f:J3- 173 
(1978a). 

- Transformation of the developmental programme into the mechanism of age-associated patho
logy. Evaluation model of hum an sp eeifi(· age pa,thology ami natura,] death (Russ.). Fiziologia 
Tcheloveka 4, ii79- 696 (I978b). 

DOLL, R., C. MUIR and .J. WATERHOUSE, Cancer Imid ence in Five Contin ents. UICe. 1970. 

544 



H.HFLICK, .1., The r,e lI biology of human aging. l\c\\' Engl. .J. ~red. 295, 1302- 1308 (1976). 
KOND RASHOVA, III. N., Y. V. EVl'ODIENKO, G. D. MIHONOVA et aI., The norm and pathology in the 

light of mitoehondrial energy processes. In: Biophysics of Complex Systems and Radiation Dis
orders. Ed. G. M. FIlANK. Nauka, Moscow 1977, pp. 249- 270. 

OSl'ROUMOVA, M. N., and V. M. DIL:lIAN, Th e influence of the pineal extract un the threshold of 
hypothahLmie sensitivity to prednisolone suppression (Russ.). Vopr. OnkoL 18, 11, 53-55 (1972). 

- and 1. A. VASIL.JEVA, Effect of polypeptide pineal extmet on fat-carbohydrate metabolism. 
Probl. EndokrinoL (Mosk.) 22, 3, 66-69 (1976). 

SCHARDEIN, J. L., J. E. F ITZGERALD and D. H. KAUMP, Spontaneolls tumors in Holtzman-Source 
rats of variolls ages. Path. Vet. ii , 238-252 (1968). 

S'I'OR}I, R., Theory of Probabilities. IIIathematica l St'Ltistics. Statist ical Control of Qua li t y. MIR 
Moscow 1979. 

545 




