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1ELIE METCHNIKOFF—THE FOUNDER
OF GERONTOLOGY

The world is rapidly aging, threatening grave con�
sequences for the global society and economy, while
the rapid development of biomedical science and
technology stand as the first line of defense against the
potential threat. These two ever�increasing forces
bring gerontology, which describes the challenges of
aging while at the same time seeking means to address
those challenges, to the center stage of the global sci�
entific, technological, and political discourse. At this
time, it may be fit to honor the persons who stood at
the origin of gerontological discourse, not just as a sci�
entific field but as a social and intellectual movement.

One of the most deserving persons is Elie (Il’a
Il’ich) Metchnikoff, whose 170th anniversary of birth
was celebrated in 2015 and whose 100th anniversary of
death will be marked in 2016. Metchnikoff may well be
considered one of the earliest and most respectable
authors of gerontology, and his teachings have formed
the crux of a great part of the scientific discussions on
aging and longevity, from their very beginning well into
our time [30]. In fact, the renowned immunologist
and microbiologist, vice director of the Pasteur Insti�
tute in Paris, and the Nobel Laureate in Physiology or
Medicine of 1908 for the discovery of phagocytosis (a
major contribution to the cellular theory of immunity)
may be well credited as “the father” of gerontology—
the disciplinary term he coined. Both the terms “ger�
ontology” (“the study of aging”) and “thanatology”
(“the study of death”) were coined by him in the
Etudes On the Nature of Man, which was published in

1 The article was translated by the authors.

1903 and may mark the beginning of these scientific
fields [1, p. 242]. To the present day, his scientific rep�
utation has remained high around the world, particu�
larly in the Russian�speaking world. Yet, it may be safe
to assume that not many people, even in the geronto�
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logical community, remember well what Metchnikoff
actually taught. In honor of Metchnikoff’s anniversary,
this paper will attempt to renew the collective memory,
and some details of his life, that may bring up intriguing
parallels with present�day discussions and events.

The role of Metchnikoff in the formation of scien�
tific gerontology is sometimes underappreciated when
compared to his contribution to immunology. Yet, in
fact, after battling for two decades for the acceptance
of his theory of phagocytosis (the German leader of
microbiologists, Robert Koch, was its mighty oppo�
nent) [32, 33], since the 1890s Metchnikoff concen�
trated predominantly on mechanisms and counter�
measures of aging. One of Metchnikoffs earliest works
on aging was “La Dégénérescence Sénile” (The Senile
Degeneration) published in Année biologique in Paris,
in 1897 [23]. However, Metchnikoff traced the begin�
ning of publicity of his aging and longevity research to
his presentation on April 22, 1901, at the Manchester
Literary and Philosophical Society, where he “laid out
a program of investigations aimed at unraveling the
problem of aging, the problem that had seemed almost
intractable” [4]. This was a direct continuation of his
immunological research, since he suggested the
“devouring phagocytic cells” to be the major culprits
of senescence. This apparently became the first truly
scientific, empirically based theory of aging and lon�
gevity rooted in observations of dynamic cellular
behavior. From the scientific theory of aging, there
followed practical propositions for increasing healthy
longevity. Hence, Metchnikoff can be considered the
“father” of the modern life�extensionist intellectual
movement, searching for life�prolonging means based
on the scientific method. Of course, theories of aging
were proposed even before Metchnikoff, such as the
depletion of “vital heat” and “vital moisture” (Francis
Bacon, England, 1623), depletion of the “vital force”
(Christoph Wilhelm Hufeland, Germany, 1796), “tis�
sue mineralization” (Edouard Robin, France, 1858),
“tissue differentiation” (August Weismann, Germany,
1882), production of “clinkers of metabolism” (Hugo
Eisig, Germany, 1887), accumulation of “meta�
plasms” (Max Kassowitz, Austria, 1889), and some
others [30]. However, the majority of earlier theories
were rather speculative, if not outright scholastic.
Metchnikoff’s was arguably the first truly scientific
theory of aging and longevity based on meticulous his�
tological observations and on a model of dynamic
physiological behavior of living tissues. He summa�
rized his work in The Etudes on the Nature of Man
(Etudes sur la Nature Humaine, first published in 1903)
[1] and The Etudes of Optimism (Essais Optimistes,
1907) [2]—representing contemporary state�of�the�
art scientific “bio�materialistic” methodologies for
life extension. (Both works were originally published
in French, in Paris, by Masson publishers, and trans�
lated into Russian by Elie Metchnikoff himself and his
wife Olga. Hereafter, unless otherwise specified, all of
the excerpts are in my translation.) The works were
grounded in uncompromising materialism and posi�

tivism, Darwinism, liberalism and pacifism, and a
profound optimistic belief in human progress and per�
fectibility.

IN SEARCH OF AN OPTIMISTIC WORLDVIEW

Metchnikoff’s work illustrates the crucial impact of
society on science (no less than the converse influence
of science on society). His life provides an illustration
for the social and economic conditions that may be
favorable or unfavorable for scientific pursuit and for
the development of longevity science in particular.

As Metchnikoff repeatedly admitted, he was not
always optimistic [5, 6, 12]. His conditions for a scien�
tific career in the Russian Empire were not very favor�
able from the outset. Born in the village Ivanovka near
Kharkov, Ukraine, his mother, nee Emilia Nevacho�
vitz, was from a Jewish merchant family (daughter of
Lev Nevachovitz, a renowned Ukrainian writer who
converted to Protestantism), and his father, Ilya
Ivanovich Metchnikoff, was a retired and impover�
ished Russian Imperial Guard officer (of Moldovan
origin), who allegedly squandered most of Emilia’s
dowry on gambling. A scientific career may not have
been in the cards. Still, after his graduation at Kharkov
University in 1864 (at the age of 19), his post�graduate
studies of marine fauna embryology in Germany and
Italy became possible thanks to the 1600�ruble schol�
arship procured on the recommendation of the Rus�
sian surgeon Nikolay Pirogov (1810–1881)—an
exceptional opportunity for a talented person with
such a disadvantaged background. After the study
abroad, he became a full professor of zoology (at the
age of 25) in 1870 at Odessa University, Ukraine. He
stayed there until 1882, when he was forced to retire
due to student riots and the reactionary policy of the
university authorities, following the assassination of
Tsar Alexander II in March 1881. Due to the lack of
funds, he almost accepted a position of a district ento�
mologist in Poltava, Ukraine. But thanks to a small
inheritance of his second wife, Olga, he was able to
conduct independent research on comparative embry�
ology in Messina, Italy, where in 1882 he stumbled
upon his most important discovery of phagocytosis,
the “devouring” of invading objects by cells. As a result
of the sojourn in Messina, he “transformed from a
zoologist into a pathologist and bacteriologist” [6].
After coming back to Ukraine, he struggled for two
years as an independent researcher in a laboratory he
set up in his flat. That enterprise having failed, he
established a bacteriological station in Odessa to pro�
duce Pasteur’s vaccines against rabies, anthrax, etc.
However, the unending bureaucratic red tape, revi�
sions and persecutions by the district authorities, and
the incessant ridicule by the press and by the local
medical associations made his work unbearable. In
1887, he sought the patronage of Louis Pasteur, who
gladly placed at the Metchnikoff’s disposal a division
at the newly established Pasteur Institute, which
became Metchnikoff’s home to the end of his days.
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Metchnikoff’s personal life was also quite tempes�
tuous (he was married twice, though never had chil�
dren). After his first wife, Ludmila Fedorovitz, died
from tuberculosis in April 1873, he attempted his first
suicide, taking a large dose of opium. After his second
wife, Olga Belokopytova, contracted typhoid, he
made another suicide attempt in April 1881 in a more
scientific fashion, by injecting himself with relapsing
typhoid bacteria. Surprisingly, following this attempt,
his generally failing health, especially the eyesight,
radically improved. (To the end of his research career,
Metchnikoff remained quite fond of treating himself
and his colleagues to a hefty dose of potentially harm�
ful sera.) Having recovered his wife’s and his own
health, having left behind the unbearable and pointless
bureaucratic and political struggles in Odessa, having
assured his scientific reputation, having found finan�
cial security and a productive, cooperative scientific
environment at Pasteur’s Institute in Paris—Metch�
nikoff entered the self�termed “Optimistic” or “Life
Asserting Phase of Life” which directly entailed his
study of aging and pursuit of life extension. The desire
of life extension may have arisen from the desire to
have 'more of a good life' under conditions of eco�
nomic and social security, individual and national.
Such prosperous conditions produced a wish to pro�
long the present agreeable state.

THE LIFE ASSERTING PHASE

The late 19th—early 20th century France provided
a fertile ground for the pursuit of longevity science
generally, and for Metchnikoff’s work in particular. In
the second half of the 19th century, France was a flour�
ishing place for the pioneers of geriatrics, Charles�
Louis Durand�Fardel (1815–1899) and Jean�Martin
Charcot (1825–1893), the founders of modern thera�
peutic activism, the microbiologist Louis Pasteur
(1822–1895), and the physiologist Claude Bernard
(1813–1878), and for the rise of popularity of the pro�
gressive positivist philosophy of Auguste Comte
(1798–1857) and the scientific optimism of Jean
Finot (1856–1922) and others [30]. After the Franco�
Prussian war of 1870, France enjoyed a prolonged
period of peace and prosperity. It is in that intellectual
and social environment that Metchnikoff may have
felt most at home, and where his work may have been
best enabled.

Metchnikoff loved Russia. He remained in close
contact with leading Russian intellectuals (including
Tolstoy, the author of “The Death of Ivan Ilyich”
(1886), the novella inspired by the terrifying end of
Elie Metchnikoffs older brother). Elie Metchnikoff
advocated the development of Russian science. Yet, in
“The Story of How and Why I Emigrated” (1909), he
explained his reasons for leaving the motherland. At
the epidemiological station, his work was thwarted by
bureaucratic hurdles, by unjustified, excessive control
of government auditors, and by the misunderstanding
and opposition of the medical establishment and the

press. He could not continue in the university either,
partly because of the political “fermentation” among
students, which disrupted the normal course of study,
partly because of political repressions on the part of
the university authorities (for example, disqualifying
socialist applicants). He could not stand the decep�
tions and betrayals within the academia. Another rea�
son was Russian antisemitism (not necessarily directly
aimed at Metchnikoff himself, since, even though his
mother was a converted Jew, his father was a Russian
nobleman) [7]. Metchnikoff explained [4]:

Dr. [Eugéne] Wollman became my excellent
assistant [at the Pasteur Institute]. I owe this to
the fact that he is a Russian Jew; therefore a sci�
entific career is closed for him in Russia. If he
had stayed in Russia, he—like my other col�
league, Dr. [Alexandre] Besredka, who is
already highly reputed in science—would have
led the abject existence of a general medical
practitioner. His attraction to science would
have remained fruitless and would have faded,
leaving in the soul the bitter sense of an unde�
served insult. This is how they get rid of talent in
Russia.
The situation in Paris was much more auspicious [6]:
In Paris, thus, I could achieve the goal of scien�
tific work, unencumbered by any political or
other social activities. In Russia, on the other
hand, the obstacles from above, from below and
from aside, made the accomplishment of this
dream impossible. It might be thought that the
time has not yet come for science to be useful in
Russia. I disagree. I believe, scientific work is
absolutely essential for Russia, and I wish,
whole�heartedly, that its conditions improve in
the future.
In Paris, Metchnikoff remained involved in politi�

cal and ideological debates, but there, unlike in Rus�
sia, these did not encumber his research. Notably, the
criticisms of the Russian scientific establishment were
expressed by Metchnikoff in France, not in Russia.

In Russia, he could not afford to openly oppose the
regime. While living in France, Metchnikoff became a
Russian dissenter and a staunch French patriot.
Despite the changing national allegiances (or rather
thanks to them), Metchnikoff may be considered a
foremost, even founding, representative of both the
Russian and French schools of aging and longevity
research.

COMPETING FACTIONS

The long tradition of rejuvenation attempts and
hygienic regimens for the retardation of old age, the
ideology of progress and enlightenment, the in�depth
pathological and physiological examinations of senes�
cence, the rise of therapeutic activism, and the peace�
ful and optimistic atmosphere—may have rendered
turn�of�the�century France a welcoming soil for the
growth of longevity science, and for Metchnikoff’s
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work in this area. However, the advancement of bio�
medical science and longevity were not the only aspi�
rations in France in that period. In the introduction to
the second edition of The Forty Years in Search of a
Rational Worldview (February 19, 1914) [3] Metchni�
koff outlined the contemporary intensifying compet�
ing ideological and social trends. He felt the “ubiqui�
tously growing antagonism to the scientific world view.
In Russia, this antagonism manifests in the attraction
to mysticism. … Even in much more positive France,
in recent time, antagonists of the positivist philosophy
(the philosophy that had developed on the French
soil) have become increasingly vocal.” Metchnikoff
perceived the futility, even danger, of infatuation with
militant socialism. He further lamented the strength�
ening of anti�intellectualism, antiliberalism and war�
mongering. Such tendencies, according to him, grad�
ually progressed:

Soon after the Frankfurt Treaty [1870, following
the defeat of the French in the Franco�Prussian
war], with a complete inability to take revenge,
many progressive Frenchmen turned to peace�
ful activities. Hence their admiration of intel�
lectual progress, the cult of science and art. …
But gradually there developed a reaction to this
trend. The possibilities of alliance [against the
Germans] were encouraging. The advances in
automobilism, and especially aeronautics, gave
a new impetus to the warlike temperament of
the French.
Metchnikoff fully agreed with the observation of

the contemporary French writers Massis and de Tarde
(with the collective pseudonym “Agathon”) that the
“cult of sport” was replacing the “cult of science and
art,” and the “youth of the brain” was pushed aside by
the “youth of the brawn” for whom “war seemed to
inspire the most noble human virtues: energy, self�
control, self�sacrifice for the higher goal” [22]. Even
more emphatically, Metchnikoff opposed the waxing
spiritualism, epitomized, according to him, by the
teachings of the philosopher Henri Bergson (1859–
1941): “Bergson preaches the limitations of knowl�
edge and valorizes intuition, struggling to convince us
of the existence of a soul independent of the brain
function and the existence of a free will.” Indeed,
Bergson directly attacked the “mechanistic” views of
Metchnikoff, Charles Sedgwick Minot and Félix
Alexandre Le Dantec who, according to him,
explained aging by “the constant accumulation or loss
of a certain kind of matter.” Instead he valorized “vital
impetus” (Élan vital), “intuition,” “soul” and “will”
[15]. According to Metchnikoff, this “religion of
action, of energy, of human will” suited the current
aspirations of the French youth, who “spurned posi�
tivist professors and rushed to hear Bergson’s lec�
tures.” Metchnikoff recognized the sources of Berg�
son’s popularity: “Science, having promised to allevi�
ate human suffering, has proved, time and again, its
impotence. Having lost faith in knowledge, no wonder
many turned to metaphysics with its hopes for the

immortality of the soul and happiness in an afterlife.”
For Metchnikoff, Bergson’s proofs of an immortal,
independent soul carried no scientific evidence, and
were mere comforting “lullabies.” Metchnikoff
offered an alternative—the scientific pursuit of life
extension:

The second of Bergson’s questions “What are
we doing in this world?” should be formulated
differently: “What should we do in this world?”
Our answer to this, presented in this work and
elsewhere, can be stated as follows: “We should,
by all means, strive that people, ourselves
included, live their full life cycle in harmony of
feeling and of mind, until reaching, in the ripest
old age, a sense of saturation with life. The main
misfortune on earth is that people do not live to
that limit and die prematurely.” This statement
is the basis of all moral actions. It is difficult to
imagine that, in some more or less distant
future, science will not accomplish this goal and
will not solve the problem of the prolongation of
human life to a desired limit, as well as rectify
other disharmonies of the human nature.
Still, in contemporary France, receptivity to the

ideals of scientific and technological progress was
high, and Metchnikoff believed that, in such a milieu,
scientific rationalism and the pursuit of life extension
would be victorious, while anti�intellectualism and
aggression would become things of the past.

Five months after the writing, with the outburst of
The First World War on July 28, 1914, Metchnikoff’s
hopeful forecasts were shattered, while his apprehen�
sions were vindicated beyond any measure. Millions
were killed in battle, with no small help from science
and technology. Millions more died in the concomi�
tant pandemics of typhus and influenza, against which
science and technology were largely powerless (the
epidemics apparently subsided by themselves, after the
war was over and living conditions improved) [21].
However, Metchnikoff’s program of life prolongation
remained valid for a “more or less distant future” for
more prosperous times. At the time of war, as Metch�
nikoff repeatedly admitted, his research became
“almost impossible” [8]. Metchnikoff continued to
hold the life�extensionist beliefs to his last, even near
his dying day searching for life prolonging influences
and taking stock of hereditary and environmental fac�
tors of “correct living” (orthobiosis) in his own life [9].

OPTIMISTIC BIOLOGY

The Etudes on the Nature of Man (1903), were writ�
ten earlier, at the height of what Metchnikoff termed a
“life�asserting phase,” and epitomized his optimistic
philosophy. The work envisioned that extreme longev�
ity can be achieved through the progress of medical
science, requiring a massive collective effort. Metch�
nikoff believed that it is our duty as conscious human
beings to fight death, the main disharmony and evil of
nature. He strongly emphasized that each death has an
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identifiable, combatable cause and in this sense every
death is “violent” and not “natural.” The fact that
everyone must succumb to it does not make it right or
even acceptable. Death from aging is no exception. As
he clearly stated [1, p. 201]:

It has been long noted that aging is very similar
to disease. Therefore, it is not surprising that
human beings feel a strong aversion to aging. …
Undoubtedly, it is a mistake to consider aging as
a physiological phenomenon. It makes as much
sense to accept aging as a normal phenomenon,
because everybody ages, as it makes sense to
accept childbirth pain as normal, because only
very few women are spared it. In both cases, we
deal, of course, with pathological and not with
purely physiological phenomena. Inasmuch as
people endeavor to mitigate or eliminate the pains
of a woman in labor, it is as natural to endeavor to
eliminate the evils brought by aging. However,
during childbirth pains, it is enough to apply an
anesthetic, while aging is a chronic evil against
which it is much more difficult to find a cure.
In fact, Metchnikoff’s views were conflicted on the

existence of a life�span limit. According to Metchni�
koff, natural death is a rare occasion, but it does occur.
He gave an example of Palingenia virgo, a mayfly spe�
cies who, after their metamorphosis, live happily and
actively only for one day and, having performed their
reproductive function, die for no apparent reason.
Metchnikoff found no pathological causes for their
demise. Their rapid death is, so to speak, programmed
into their existence. This led Metchnikoff to hypothe�
size a similar phenomenon for human beings. At the
present, he argued, people do not live up to their lon�
gevity potential and are killed prematurely by violent
causes. However, there might be a point in their life
when death will occur naturally, as it is programmed.
He, rather arbitrarily, set this limit to the natural
lifespan at approximately 150 years. At that point,
people are supposed to become “full of years,” com�
pletely lose the desire to live and acquire a new, yet
unknown “death instinct,” a sense of complete life
fulfillment—as he believed happens in mayflies.

This position may seem cognate with the views of
the German biologist August Weismann (1834–1914)
on the emergence of preprogrammed aging, limited
lifespan, and natural death, as evolutionary benefits
for the development of the species [35, 36]. But, in
fact, Elie Metchnikoff was apparently the first to sys�
tematically argue against Weismann’s theory, setting
the stage for all subsequent debates on evolutionary
theory of aging [1, pp. 214–232]. Metchnikoff agreed
with Weismann that death is not a necessary prerequi�
site of all life, as unicellular organisms and germ cells
are potentially immortal. However, Metchnikoff did
not believe that natural death can be an evolutionary
advantage. According to him, “normal aging” and
“natural death” almost never occur in nature. Weak�
ened organisms are eliminated by external causes—
predation, diseases, accidents, competition—with a

very slight chance for them to “age naturally” or die a
“natural death.” And if aging and natural death almost
never occur in nature, then natural selection cannot
operate on them, let alone select for them. Regarding
humans, Metchnikoff strongly asserted that we all die
a “violent” and not a “natural death,” and that if we
are ever able to combat the pathogens that cause our
premature demise, human life can be greatly pro�
longed [4]. Yet, at the same time, he did acknowledge
the existence of preprogrammed death, as happens in
mayflies. This may be perceived as an inconsistency.
But perhaps it should rather be considered an attempt
to embrace the complexity of the aging phenomena,
which may involve both preprogrammed and chaotic,
“violent” events. In regard of human life extension,
his position may seem paradoxical as well. Alongside
the belief in potential immortality, alongside elaborate
methodologies for life�extension, alongside his ridi�
cule of suicidal “pessimistic philosophies” (such as
those of Arthur Schopenhauer and Philipp Main�
lander who called to abandon the pursuit of life pro�
longation), Metchnikoff eventually strove to reach a
point in life when life extension may be no longer
desirable. This too may be seen as an inconsistency
with one’s own teachings, or, rather, it may be seen as
a desire to resign at the limit but not before reaching the
limit. Still, until that hypothetical limit is reached, the
pursuit of life extension, to whatever degree possible,
must continue. For the present stage of human condi�
tion, the imperative to combat aging and prolong life
were posited by Metchnikoff unequivocally.

From the assertion of the desirability of combating
aging and increasing healthy lifespan, Metchnikoff
proceeded toward formulating a theory of aging, and,
based on the theory, toward suggesting actual or
potential means of anti�aging intervention [1]. Metch�
nikoff’s practical suggestions for life prolongation
through material/biological mediators included
microbiological and toxicological methods (which can
be tentatively termed “elimination of damaging
agents”), and he also alluded to hormone therapy and
gland transplantation and regeneration (which could
be generally termed “biological replacements”). The
goal was to achieve a long�lasting substance and
energy balance.

In summary, according to Metchnikoff’s general�
ized systemic theory of aging, in the body there occurs
a constant struggle between “noble” (differentiated,
functional) “elements” (tissues) and “primitive”
(nonfunctional, undifferentiated, “harmful”) cells
and tissues damaging the harmonious function of the
former. That general description fitted various con�
temporary conceptions of aging and death: loss of pro�
tein elasticity, desiccation, autoimmunity and cancer.
Accordingly, the general path to life extension was to
“strengthen the noble elements,” while “attenuating”
or destroying the primitive harmful ones; in other
words, working by “subtraction” and “addition”
toward “balance” [1, pp. 201–202]. Essentially, a con�
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flict was posited between the degenerative and regen�
erative processes.

Metchnikoff specified germ�related diseases as a
major cause of premature (“violent”) death and main�
tained that these diseases are tractable. Several antimi�
crobial and antiviral agents were listed, among which
the most notable were inoculations and antiseptics.
These medical contrivances have saved millions of
lives and showed beyond any doubt that medicine does
have the real ability to cure illness and extend life.
Metchnikoff mentioned the success in fighting such
scourges as smallpox and syphilis. At the turn of the
twentieth century, arsphenamine (Salvarsan) was used
against syphilis by the German immunologist Paul
Ehrlich (who received the Nobel Prize in Medicine in
the same year as Metchnikoff). This proved to be the
first effective specific chemotherapy. As a vice�direc�
tor of the Pasteur Institute, Metchnikoff also actively
tested arsenicals and worked on a vaccine against
syphilis. He suggested an infectious etiology of cancer
and expected a cure, perhaps a vaccine. Since then,
the existence of cancer�inducing viruses has become
established, and anticancer vaccines began to appear
[19]. Among the antimicrobial agents mentioned by
Metchnikoff, some seem to anticipate antibiotics, in
accordance with Louis Pasteur’s principle “La vie
empeche la vie” (life against life). Alexander Fleming’s
penicillin, Felix d’Herelle’s anti�bacterial phage ther�
apy and Gerhard Domagk’s “sulfa�drugs” appeared
later, in the 1920s–1930s [14, 18, 20]. These almost
synchronous discoveries may seem serendipitous, yet
Metchnikoff’s earlier study attests to the massive effort
on the part of the contemporary scientific community
searching for antimicrobial agents, which eventually
led to the discoveries and a substantial increase in
human life expectancy [28].

Besides exogenous infection, endogenous intoxi�
cation and infection were said to be most potent
though controllable causes of degeneration and death,
acting through the blocking of or interfering with
vitally important structures and processes. Overprolif�
erating phagocytes were specified as the agents
“devouring” the noble elements, while the buildup of
“non�functional” connective tissue was said to replace
the noble (parenchyma) tissues (e.g. the tissues of the
muscle, kidney, lung and brain) and to contribute to
the development of sclerosis. Among the toxic prod�
ucts of body metabolism, special attention was given
by Metchnikoff to those produced by intestinal micro�
flora. These toxins were said to contribute to func�
tional incapacitation and general degeneration of the
body, and specifically to the development of tissue
hardening. The toxins (such as phenol, indole,
scatole, ether�sulfuric acid, etc.) produced by intesti�
nal bacteria (e.g. Clostridia) were believed to, on the
one hand, stimulate the “devouring” macrophages'
activity, and, on the other, weaken the noble paren�
chyma tissues and make them easy prey for the mac�
rophages. Stability and longevity (also associated by
Metchnikoff with “correct living” or “orthobiosis”)

were to be achieved by protecting and strengthening of
the “noble” functional elements, while destroying or
attenuating the disruptive or “primitive” elements.

THE WAYS OF COMBAT

According to Metchnikoff, the most practical and
readily available means to fight intoxication as a cause
of “violent” senescence and death is through an
appropriate diet. In Metchnikoff’s theory, fer�
mented/acidified dairy products (such as yogurt) con�
taining lactic acid bacteria were said to be able to sup�
press putrefactive microflora and detoxify the body.
Metchnikoff himself followed this dietary practice and
attributed to it his relatively high longevity (though
coming from a very short�lived family). Thus, in the
search for anti�aging means, Metchnikoff established
the science and industry of probiotics [31]. (The term
“probiotic” was apparently first introduced only in
1953 by the German bacteriologist Werner Georg Kol�
lath (1892–1970). Yet, the assumed action of “probi�
otic” dairy products was precisely as that first pro�
posed by Metchnikoff for “fermented” dairy products
[13].) Generally, Metchnikoff advocated a simple and
restricted diet. He believed luxurious cuisines favor
toxigenicity and therefore are detrimental to health
and longevity, to the “correct course of life” or “ortho�
biosis.” This line of thought has continued in the mul�
titude of modern dietary practices aimed at life exten�
sion and life enhancement, including bioactive, vita�
min�rich, probiotic, antitoxic, anti�inflammatory,
differential, and calorie�restricted diets [34].

The importance of simplicity in diet was further
expanded by Metchnikoff and his followers to include
the simplicity and moderation of the entire life style.
Indeed, Metchnikoff might in the main agree with the
English philosopher Herbert Spencer’s dictum that
“the highest conduct is that which conduces to the
greatest length, breadth, and completeness of life”
(The Principles of Ethics, 1897) [29]. But Metchnikoffs
vision of progress differed from that of Spencer, who
defined it as increasing complexity, or that of another
English philosopher, Winwood Reade (The Martyr�
dom of Man, 1872), who saw it as a gradual improve�
ment of human capabilities [27]. For Metchnikoff,
progress only meant life as long and healthy as possible
for as many people as possible, and the way toward it
was not through increased complexity but rather
through greater simplicity. The life�prolonging prop�
erties of fermented milk products were suggested to
Metchnikoff by the robust and long�lived Bulgarian
peasants, for whom this was a traditional diet. After
Metchnikoff’s endorsement, this nutritional regimen
spread from Europe to the US and Japan. The success
was greatly due to the fact that such products were
cheap and could be consumed massively by almost all
strata of society, including the very poor. This may be
another major point of Metchnikoff’s legacy: A truly
useful life�extending intervention must be made
widely accessible.
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Acidified milk (yogurt) consumption was primarily
advocated by Metchnikoff and later by a host of reju�
venators as an easily practicable, inexpensive, and
noninvasive way both for providing necessary nutrients
and for “combating the agents of damage”—the
putrefactive micro�flora. Other methods of combat
were much more cavalier. In Metchnikoff’s theory, the
large intestine is the main seat of putrefactive bacteria
and is therefore a major source of intoxication.
Accordingly, a possible method of eliminating such a
source of damage was to extirpate the large intestine by
surgery, once and for all.

The Scottish surgeon William Arbuthnot Lane
(1856–1943) undauntedly went through with this
method, in the period when triumphant surgeons rou�
tinely removed the appendices, tonsils, and uteri, just
in case, as a prophylactic measure [26]. Metchnikoff
understood the logic behind such interventions but
cautioned (1910) [10]:

Dr. Lane, the uncommonly skillful and coura�
geous English surgeon, dared to resort to opera�
tion instead of a prolonged and ineffectual
internal treatment. Naturally, such an operation
is very dangerous and presently yields very many
lethal cases. Dr. Lane did over 50 such opera�
tions, and at the beginning of the last year
described in detail 39 cases. He lost nine
patients, or about 23%, which is a high mortal�
ity rate. However, this intervention proved
highly beneficent for the other 30 patients. …
Such patients, who had been suffering tremen�
dously for many years, after the surgery became
revitalized and productive. Dr. Lane’s system
was, of course, met with strong opposition. His
opponents condemn the entire method, citing
the high mortality rates. Nonetheless, it should
be noted that the operation technique can be
improved and thus the mortality rates reduced.
Elsewhere, Metchnikoff further valorized minimally

invasive methods. “In the present state of surgery,” he
wrote, “we cannot expect a success from a direct extir�
pation of these intestines, but we can rely on an artificial
change of intestinal flora, that is, the replacement of
harmful bacteria by beneficial bacteria” [11].

Yet another “moderately” invasive method, sug�
gested by Metchnikoff as a means of eliminating
agents of damage, was by serum therapy (immuno�
therapy). A special effort was made to develop “cyto�
toxic sera” that would be reactive against particular
cells and tissues. The cytotoxic sera were mainly pro�
duced as a result of the reaction to the injection of par�
ticular tissues into animals of a different species [24].
At first, he attempted to develop a serum to destroy the
“devouring” phagocytes. These attempts having
failed, Metchnikoff started developing mildly cyto�
toxic sera to elicit an immune response of “noble”
parenchymal tissues and induce their stimulation. He
did not succeed in these attempts either, mainly due to
an inability to properly calibrate the dosage. Nonethe�
less, this line of research was later carried on by the

leading Soviet gerontologist and life�extensionist,
Academician Alexander Bogomolets (1881–1946),
who developed the Antireticular Cytotoxic Serum
(ACS) precisely for the purpose of immunizing and
stimulating tissues (in particular connective tissues)
for the prolongation of life [16]. This was the birth of
systemic and adjuvant immunotherapy, and it was
directly derived from Metchnikoff, or rather from
Metchnikoff’s assistant at Institut Pasteur (from 1894
to 1900), the Nobel Laureate in medicine of 1919,
Jules Bordet (1870–1961). Metchnikoff believed that
cytotoxic sera (whose discovery he credited to Bordet)
can be used as a double�edged sword in the fight
against aging: in large doses the sera can be used to
eliminate or inhibit undesirable tissues, but in small
doses they can be applied to stimulate these very same
tissues if their proliferation is desired. Metchnikoff
thus described the principle of the preparation and
action of cytotoxic sera, emphasizing the crucial
importance of a correct dosage to produce a required
effect. The concept of “hormesis” is hereby strongly
anticipated [24, pp. 245–246]:

The principle of preparing these serums is as fol�
lows: specific cells, red blood corpuscles or
spermatozoa or kidney or liver cells, are injected
into an animal of a different species. After sev�
eral injections the serum of the animal becomes
active in relation to the cells that have been
injected into its body. Bordet discovered these
serums. The serums are called cytotoxic, i.e.
toxic for various cells. It has been proven that
small doses of cytotoxic serums, instead of kill�
ing or dissolving specific elements of tissues,
strengthen them. This is similar to a reaction
observed in connection with many poisons,
namely, large doses kill, whereas small doses
cure and improve the condition of certain ele�
ments of the organism.
Thus another seminal line of medical research was

born in the study of antiaging thanks to Metchnikoff.
Yet another primary technique to combat aging

that Metchnikoff referred to was “endocrine rejuvena�
tion,” in particular sex hormone replacements (using
animal sex gland extracts) and stimulation of the sex
glands [2, pp. 130–133]. Such methods became
mainly popular thanks to the previous rejuvenation
experiments with animal sex gland extracts by Charles
Edouard Brown�Séquard in France (1889) [17] and
Alexander Poehl in Russia (1898) [25]. Yet Metchni�
koff could not pass them in silence, as they “had a very
special place in our attempts to find means against
aging” [2, p. 130]. Rather than destroying the agents of
damage, they mainly placed their hopes in “addition,”
in “strengthening the noble tissues,” through supple�
mentation, replacement, or regeneration.

Thus, Metchnikoff was either a direct originator or
one of the primary researchers for a variety of key anti�
aging and life�extending methods, experiments and
research programs that are still being followed today.
In view of the immense significance of degenerative
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aging processes for the emergence of virtually all dis�
eases, both communicable and non�communicable,
Metchnikoff may be considered not just “the father of
gerontology” or of “longevity science” but a founding
figure of modern medicine. In view of the rapidly
aging population and the ever�increasing means of
biomedical intervention, Metchnikoff’s legacy quest
for antiaging and life�extending means may only
intensify and sweep the world. 
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