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Abstract. Recent advancement of biological sciences has been empowered by numerous data supporting 
an important role played by gut microbiota in health and disease. Nutritional science has particularly 
benefited from the surge of this knowledge through the development of approaches that directly influence 
the function and composition of gut microbiota. This paper recalls that the importance of the functional 
links between gut microbiota and nutrition was anticipated by earlier works of Alexander M. Ugolev’s 
laboratory in the 1960s–1980s. His discovery of membrane digestion and studies implicating intestinal 
microorganisms in digestive process as well as analysis of hormonal effects of the gut in feeding behavior, 
among other experimental data, helped Ugolev to conceptualize the nutritional connections between cells 
and organisms as the universal trophic elements underlying his theory of adequate nutrition. We show here 
that the core idea of Ugolev’s theory includes the maintenance of three main flows of nutrients originating 
from: 1) ingested food; 2) gut microbiota and 3) enteroendocrine system. Developed about 40 years ago, the 
theory is still relevant to modern nutritional science. Therefore, revision of Ugolev’s work deserves attention 
not only from historical perspective but also due to the current appreciation of his theory, which is instrumental 
in integrating the knowledge from nutritional disciplines and developing practical applications.
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Аннотация. Последние достижения в области биологических наук стали возможны благодаря 
многочисленным данным, подтверждающим важную роль кишечной микробиоты в здоровье и развитии 
заболеваний. Наука о питании особенно выиграла от резкого роста этих знаний вследствие разработки 
подходов, оказывающих непосредственное воздействие на функцию и состав кишечной микробиоты. 
В этой статье мы напоминаем, что важность функциональных связей между микробиотой кишечника 
и питанием была предсказана еще в ранних работах лаборатории Александра Михайловича Уголева 
в 1960–1980-х гг. Открытие мембранного переваривания и исследования, указывающие на участие 
кишечных микроорганизмов в процессе пищеварения, а также анализ гормонального воздействия 
кишечника на пищевое поведение, наряду с другими экспериментальными данными, помогли 
А. М. Уголеву концептуализировать пищевые связи между клетками и организмами как универсальные 
трофические элементы, лежащие в основе его теории адекватного питания. В данной работе мы 
показываем, что центральная идея теории А. М. Уголева включает в себя поддержание трех основных 
потоков питательных веществ, исходящих из: 1) потребляемой пищи; 2) кишечной микробиоты 
и 3) энтероэндокринной системы. Оригинальность теории, сформулированной около 40 лет назад, 
остается актуальной и в современной науке о питании. Поэтому переосмысление работ А. М. Уголева 
представляется интересным не только в историческом аспекте, но и с точки зрения современной 
оценки его теории, способствующей интеграции знаний из различных дисциплин в области питания 
и разработке практических рекомендаций.

Ключевые слова: А. М. Уголев, адекватное питание, трофология, кишечная микробиота, мембранное 
пищеварение, аппетит, кишечные гормоны, пептиды

Introduction

The past decade has witnessed an explosive 
growth of experimental and clinical data revealing 
functional links between gut microbiota and the 
host, including virtually all body systems and in-
volved in both health protection and mechanisms 
of many chronic pathological conditions such 
as diabetes, obesity as well as cardiovascular, gas-
troenterological and neuropsychiatric diseases 
(Clemente et al. 2012; Schneider et al. 2024). Nu-

tritional science has particularly benefited from the 
surge of this knowledge through the development 
of approaches with a direct impact on gut micro-
biota function and composition (Bear et al. 2020; 
Zhang et al. 2018). While the surge of such data was 
made possible by recent technological advancement 
of the tools allowing metagenomic characterization 
of gut microbiota composition (Bäckhed et al. 2005), 
the role played by gut bacteria in host physiology 
and nutrition has attracted attention since the dis-
covery of food-associated microorganisms by Louis 
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Pasteur. One can also cite the works of Ilya Metch-
nikov, who was awarded the Nobel Prize for dis-
covering intracellular digestion by macrophages. 
At the beginning of the last century, he promoted 
the health-protective effects of Lactobacilli but also 
believed in an overall negative effect of lower gut 
bacteria (Metchnikoff 1910). The advent of germ-
free animal technology in the 1950s offered a power
ful experimental tool for the study of the role played 
by gut bacteria in host physiology (Gustafsson 1948, 
Reyniers et al. 1946). However, as subtle differ-
ences were found between germ-free and conven-
tional animals, including data on negative effects 
of gut bacteria (Wostmann 1981), and antibiotics 
came to be used on a massive scale, the interest  
in the research of gut microbiota diminished. On the 
other hand, digestive physiology was transformed 
since the molecular structure of peptide hormones, 
such as insulin, cholecystokinin (CCK) etc., was 
identified, contributing to the definition of the gut 
enteroendocrine system (Mutt 1988). Moreover, 
after the spectacular effects of selective brain lesions 
on feeding behavior and body weight were demon-
strated around the same time, the hypothalamus 
was made the key feeding regulatory center, and 
the research of the brain control of energy metabo-
lism was triggered (Anand, Brobeck 1951).

The Russian school of physiology was greatly 
shaped by Ivan Pavlov’s work on the digestive sys-
tem, and many of his followers were trained to per-
form complex experimental surgery on the gastro-
intestinal tract (GIT) in dogs, cats and rats. Such 
experimental approaches, combined with recent 
advancements in nutritional biochemistry and 
microbiology, inspired young scientists in the post-
war period to address the burning questions of the 
molecular mechanisms of nutrient digestions and 
appetite regulation. It is hence remarkable that 
a theory of adequate nutrition assigning a major 
role to gut microbiota was born in Russia in the 
1980s. It has thus anticipated a wide-scale recogni-
tion of this phenomenon by about 30 years. In this 
brief historical review, we would like to give credit 
to Alexander M. Ugolev, who put forward the 
theory of adequate nutrition. In the light of current 
knowledge, we have critically revisited some of his 
pioneering works, which led him to set forth the 
theory of adequate nutrition — still a work of fun-
damental significance.

Biographical overview and discovery 
of membrane digestion

Alexander Mikhailovich Ugolev (1926–1991) 
was a prominent scientist in the field of nutri-

tional physiology, who co-authored more than 
400 papers and wrote 15 books. He had a full-
fledged, typically professional career which still 
requires a deeper biographical investigation that 
goes beyond the scope of this paper. Here, we would 
like to highlight only few details. Starting off 
as a student in the Naval Military Medical Acade
my, from which he did not graduate due to health 
problems, he completed his medical education 
in his native city of Dnepropetrovsk in 1948. At the 
age of 32, he finally obtained the second doctorate 
degree, to become a corresponding and thereafter 
full member of the USSR Academy of Sciences 
eight years later. As a young scientist, he worked 
in Leningrad and Moscow, massively performing 
experimental surgery on the digestive system to-
gether with his mentor V. N. Chernigovsky at the 
Institute of Normal and Pathological Physiology. 
Soon after membrane digestion was discovered in 
1958, he moved back to Leningrad to join the 
Pavlov Institute of Physiology, where he set up 
a  laboratory of nutrition physiology, leading  
it until the rest of his life (Fig. 1).

Alexander Ugolev is well known in Russia — 
and regrettably, much less abroad — for the dis-
covery of ‘membrane digestion’, a natural phenom-
enon of nutrient digestion which occurs on the 
surface of intestinal mucosa complementing  
luminal digestion (Ugolev 1960a). Before this 
discovery, the nutrient digestion process was 
considered to occur only due to enzymes ex-
creted into the gut lumen from digestive glands.  
His pioneering work was later confirmed, and 
several brush border enzymes participating  
in oligosaccharide hydrolysis identified (for review 
see: Gray 1992). Some of Ugolev’s original  
drawings illustrate different types of digestion 
(Fig. 2).

The discovery of membrane digestion was fol-
lowed by a series of studies contributing to a bet-
ter understanding of the mechanisms behind 
hydrolysis of disaccharides and peptides in the 
small intestine (Jesuitova et al. 1964; Ugolev, 
Kooshuck 1966; Ugolev et al. 1964a; 1964b;  
1979a; 1979b). Ugolev produced several in-depth 
reviews on the mechanisms of membrane di- 
gestion and food assimilation (Ugolev 1965;  
Ugolev, Iezuitova 1982). Using the inverted intes-
tinal segment technique, Ugolev’s laboratory  
also revealed that different nutritional substrates 
(amino acids and sugars) competitively interact 
for hydrolytic enzymes in various species, sug-
gesting a coordinated mechanism of the digestion 
process, including symbiotic digestion (Ugolev  
et al. 1975).
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Fig. 1. Members of the Laboratory of Nutrition Physiology of the Pavlov Institute of Physiology of the USSR 
Academy of Sciences in Leningrad in 1983. Alexander M. Ugolev is in the middle of the first row. From left 

to right, first row: V. V. Egorova, A. V. Leiman, N. M. Mityushova, N. N. Iesuitova, A. M. Ugolev, V. F. Varlamov, 
V. G. Kassil; second row: L. F. Smirnova, V. M. Vorontsova, N. B. Skvortsova, B. Z. Zaripov (postdoc), 
N. M. Timofeeva, A. P. Petrova, L. N. Myina, M. Yu. Punin; third row: G. V. Lasareva, D. A. Shinder  

(PhD student), L. V. Gromova, I. S. Rybin (PhD student), I. S. Podorozhnyak, L. O. Stepanova, I. I. Shtykova, 
V. M. Nabokova, M. A. Vasheva, V. A. Tsvetkova, A. A. Nikitina, L. G. Ekkert (postdoc), V. G. Gredin  

(PhD student). (Photo from the archive of the Laboratory of Nutrition Physiology)

Fig. 2. I (upper panel) — main types of digestion: 
A — extracellular distant digestion;  

B — intracellular cytoplasmic digestion;  
C — intracellular endocytose-based vesicular 

digestion; D — membrane digestion/  
1 — extracellular medium; 2 — intracellular 
medium; 3 — intracellular digestive vacuole;  
4 — lysosome; 5 — nucleus; 6 — membrane;  

7 — enzymes; 8 — substrates and their hydrolysis 
products. II (lower panel) — interactions between 

luminal and membrane digestion. A — gradual 
depolymerization of food substrates in the lumen 

and on the membrane in the small intestine;  
B — fragment of the lipoprotein membrane with 

adsorbed and transmembrane intestinal enzymes; 
M — membrane; MB — microvilli; Гa & Гл — 

apical and lateral glycocalyxes; C1 — C3 — 
substrates; Фп & Фм — pancreatic and membrane 

enzymes; T — transport membrane system;  
P — regulatory centers of enzymes; K — catalytic 
centers of enzymes, HЭ — non-enzymatic factors 

(Ugolev 1991)
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Theory of adequate nutrition 

The discovery of membrane digestion and the 
work that followed inspired Ugolev to put forward 
‘trophology’ as a term for a new nutritional discipline 
(Ugolev 1980) that explains the existence of uni-
versal trophic links between cells in a multicellular 
organism as well as between simple and complex 
organisms based on the common mechanisms 
of nutrient digestion, including both structural and 
functional trophic units (Fig. 3).

Analysis of the nutrient flow through trophic 
chains led Ugolev to the idea of the three main nut
rient flows from the gastro-intestinal tract to the rest 
of the organism, which underpinned his theory 
of adequate nutrition (Ugolev 1986). The theory was 
then presented as a scientific improvement of the 

current balanced nutrition theory, which is premised 
on the idea of quantitatively feeding the organism 
with nutrients and qualitatively matching their body 
needs. Indeed, as compared to this well-accepted 
balanced theory of nutrition, beside food-derived 
primary nutrients, the new theory assigns an impor-
tant nutritional role to gut-bacteria-derived metabo-
lites as well as to hormones which are produced 
in abundance by the gut enteroendocrine system. 
Therefore, the purpose and practical implementation 
of adequate nutrition in the frame of the identically 
named theory would be to adequately feed all these 
three nutrient flows (Fig. 4). Below, we present in more 
detail why the support of the nutrient flow from gut 
bacteria and the maintenance of the hormonal flow 
from the gut enteroendocrine system became integral 
parts of Ugolev’s theory of adequate nutrition.

Fig. 3. Ugolev’s view of the key role of the nutrient flow (‘trophology’) in connecting all living organisms  
in the biosphere through trophic chains. Three main types of digestions represent the universal, both structural 

and functional, trophic units shared among the organisms. The various trophic chains are not of the closed  
but of the open system types, forming trophic networks together with other trophic chains and the solar  

source of energy (adapted from: Ugolev 1985)

Fig. 4. Three main flows of nutrients from the gut as a result of food digestion by both host and bacterial 
enzymes as well as from feeding-induced secretion of gut hormones. SCFA, short-chain fatty acids  

(adapted from: Ugolev 1991)
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The role of gut microbiota

As follows from the title of this paper, Ugolev 
has assigned a key trophic role to gut microbiota 
in his new theory of adequate nutrition. For him, 
symbiotic digestion by gut microorganisms provides 
the host with food-derived secondary nutrients, 
bacterial metabolites as well as bacterial structural 
compounds altogether constituting a major flow 
of nutrients from the gut to the body. He argued 
that when the host is starved, e. g. when food is 
scarce and the animal is forced to search for new 
food sources, gut bacteria may represent an impor-
tant trophic source for the body, whereas its initial 
composition will play a major role in the capacity 
of the organism to adapt to the new feeding envi-
ronment, i. e. determining the organism survival. 
According to Ugolev, such fundamental role of gut 
microbiota should be then considered homeo-
static, or more specifically ‘trophostatic’, and should 
therefore form an integral part of the concept of the 
body homeostasis.

A key difference between the adequate and the 
balanced nutrition theories was changing the view 
on the role of the so-called ‘ballast’ component of the 
food, i. e. non-digestible fibers. The beneficial role 
of dietary fibers was also promoted in the 1970s 
by Denis Burkitt, an Irish surgeon known for Burkitt’s 
lymphoma, who also identified the low incidence 
of colorectal cancer in native African population, 
which he attributed to high fiber consumption 
(Burkitt et al. 1974). Thus, while balanced nutrition 
theory was aimed at purifying nutrients to get rid 
of the ‘ballast’, the theory of adequate nutrition keeps 
this ‘ballast’ as an essential substrate for bacterial 
metabolism, resulting in the synthesis of ‘secondary’ 
nutrients. Therefore, he criticized elementary diets 
and stressed a particular role of gut bacteria in the 
synthesis of short-chain fatty acids (SCFA).

Other ‘digestive’ functions of gut bacteria in-
cluded the process of decarboxylation of amino 
acids such as histidine, a precursor of histamine, 
or that of tyrosine, a precursor of tyramine, a trace 
amine. Some of Ugolev’s interesting practical sug-
gestions included the infection of new-born infants 
with a polyculture of beneficial microbes or creat-
ing banks of commensal bacteria to replenish the 
impoverished gut microbiota when needed, e. g. 
during space travel. It is clear that today many  
of Ugolev’s predictions came true. In fact, the role 
of gut bacteria in the production of SCFA by me-
tabolizing non-digestible fibers has been well es-
tablished, forming an integral part of healthy nutri-
tion (Alexander et al. 2019). The consumption 
of ultra-processed food was associated with chronic 
metabolic diseases (Martinez Leo, Segura Campos 

2020). Recent data also show that histamine pro-
duction by some Lactobacillus species may justify 
their use as anti-inflammatory probiotics, while the 
role of bacterial production of trace amines has 
become a topic of active research (Hall et al. 2019; 
Gainetdinov et al. 2018).

A breakthrough technology for rearing germ-
free animals was developed in the 1940s–1950s  
by James Reyniers in the USA and Bengt Gustafsson 
in Sweden, allowing the study of the influence  
of gut bacteria on host physiology (Gustafsson 1948; 
Reyniers et al. 1946). An impressive number of stu
dies by Bernard Wostmann, Reyniers’ colleague, 
exhibited an impact of germ-free life on nutrition, 
in particular revealing an important role of gut 
bacteria in the production of some essential amino 
acids and vitamins (Wostmann 1981). We admit 
that although many ‘nutritional’ properties of gut 
microbiota were not directly investigated in Ugolev’s 
laboratory, such experimental data, including those 
from gnotobiotic animals, also have fed Ugolev’s 
mind, helping him to create and promote the 
theory of adequate nutrition.

Nevertheless, his laboratory has also contribu
ted to this research topic with several original in-
vestigations. In the 1970s, for instance, based on the 
differences between luminal and membrane diges-
tions, he was testing a hypothesis on the difference 
in symbiotic contribution of gut bacteria between 
these two gut compartments. He and his colleagues 
found that bacteria with caseinolytic and hemo-
lytic activities were less represented in the mucosal 
fraction, implying different roles of luminal and 
mucosal bacteria in digestion (Mitiushova et al. 
1972). Besides, changing the diet produced a dif-
ferential effect on mucosal and luminal populations; 
e. g. the use of amino acid mixture vs. the native 
casein diet in rats was followed by an increased 
number of bacteria mainly in the mucosal fraction 
of the rostral part of the small intestine (Mityushova 
et al. 1975). Furthermore, using the biopsies from 
patients with several gastrointestinal disorders and 
a method of consecutive washes of the intestinal 
sample (each reflecting distribution of bacteria from 
the lumen to the mucosa), they found different 
densities of several cultured bacteria: e. g. in patients 
with duodenal ulcer, Escherichia coli was detected 
in the luminal but not mucosal fraction, while En-
terococcus was elevated in both fractions (Misau-
tova et al. 1975). In another study, Ugolev tested  
if the natural phenomenon of coprophagia could 
influence the enzymatic function of the small in-
testine in rats submitted to diet changes. He found 
that excluding coprophagia resulted in a greater 
modification of the enzymatic intestinal function, 
which was interpreted as a missing buffering effect 
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of ingested bacteria helping the gut to adapt to new 
diets (Ugolev et al. 1981).

Although functional significance of these and 
other similar studies needed further validation, the 
obtained results allowed Ugolev to conclude on the 
importance of gut microorganisms in symbiotic 
digestion together with the macroorganism which 
is dominant in extracting nutrients from food. It is 
hence essential to preserve microbiota, e. g. when 
it was suppressed by antibiotics, and to feed it with 
nutrients such as non-digestible fibers which should 
not a priori compete with the host (Ugolev 1991). 
However, Ugolev’s view of membrane digestion 
as mainly a ‘sterile’ process, i. e. unavailable to gut 
bacteria, can be now challenged in light of the data 
showing that mucus-feeding commensal bacteria 
with health-positive effects such as Akkermansia 
muciniphila adhere to the epithelial gut surface and 
enhance the gut barrier function (Reunanen et al. 
2015). While assigning a major trophic role to gut 
bacteria, however, he did not discuss their possible 
regulatory role in feeding behavior, a phenomenon 
which has recently received experimental backing 
(Fetissov 2017). Yet, he presumed that gut flora may 
produce some regulatory chemical messengers 
which can be supplied to the internal milieu to-
gether with gut hormones.

The role of gut hormones

A. M. Ugolev stressed that the activation of the 
gut enteroendocrine system during digestion is 
an essential part of the theory of adequate nutrition. 
In fact, by the 1980s, about 30 such hormones 
of both peptide and amine chemical structure have 
been identified in both the gut and the brain, giving 
birth to the gut-brain axis concept (Mayer 2011). 
Recently, this concept has been enriched by inclu
ding the gut microbiota (Hooks et al. 2018). A po-
tential role of symbiotic digestion is also currently 
explored in the pathogenesis of neurodevelopmen-
tal disorders such as autism (Kushak et al. 2017). 
Ugolev proposed the collective name of ‘enterines’ 
to GIT hormones, but the term was not widely 
adopted, although sometime reappearing in Russian 
literature (Ugolev 1975; 1978). Quite importantly, 
Ugolev contributed to the research field of gut 
hormonal regulation of feeding behavior by showing 
that a protein extract of the rat duodenal mucosa 
displayed hormone-like satietogenic effects which 
were independent from the n. vagus (Ugolev 1960c). 
This effect was duodenum-specific since the mu-
cosal extracts from the stomach or some other 
tissues did not show any anorexigenic effects.

This work was complemented by numerous 
studies on the effect of duodenectomy on feeding 

behavior in cats. In fact, this challenging experi-
mental surgery, developed by Ugolev and colleagues, 
revealed that following the operation, animals start 
to lose weight but two months later become hyper-
phagic and obese. Importantly, it was shown that 
such effects of duodenectomy were endocrine-like 
because they were observed only in animals with 
surgically removed yet not isolated duodenum 
(Ugolev 1960b). The experimental duodenectomy 
approach showed that the duodenal functional 
deficit affects many tissues and organs, such as hy-
pothalamic neurosecretory neurons (Skvortsova  
et al. 1973), allowing Ugolev to functionally compare 
the duodenum with the hypothalamo-pituitary 
system.

Unfortunately, despite the significant effort 
undertaken by Ugolev together with his colleagues 
from the Shemyakin Institute of Bioorganic Che
mistry in Moscow, the molecular structure of the 
anorexigenic protein purified from the pig’s duo-
denal mucosa, which they called arenterin, for 
appetite-regulating enterin, has not been identified 
(Skvortsova et al. 1975). Nevertheless, it is remark-
able that the initial findings of the satietogenic 
hormone-like effects of the duodenal mucosa were 
made more than 10 years before the satietogenic 
effect of CCK was reported by Gibbs, Young and 
Smith in 1973 (Gibbs et al. 1973). Ugolev was con-
vinced that arenterin should be distinct from the 
CCK protein because of its more prolonged an-
orexigenic effect vs. CCK after their intraperito-
neal administrations in rats (Ugolev 1991). This 
riddle still remains unresolved, but we can speculate 
that arenterin preparations contained anorexi-
genic enterobacterial protein ClpB (Thomas et al. 
2026).

Another experimental surgical approach deve
loped by Ugolev and his colleagues was avascular 
perfusion of the isolated ‘abdominal complex’ in rats 
which included the GIT from the lower part of the 
esophagus down to the colon including the pan-
creas and received the blood supply from the ab-
dominal aorta (Ugolev et al. 1985). This approach 
helped to distinguish the production of structurally 
identical hormones between the GIT and the brain 
and the pituitary. For instance, it was shown that 
after adrenalectomy, the levels of immunoreactive 
adrenocorticotropic hormone (ACTH) were dra-
matically increased in the perfusate, pointing to the 
local, gut-localized production of this hormone 
(Bulgakov et al. 1982). Although ACTH-like im-
munoreactive cells were indeed detected in the 
pyloric region of the stomach and the duodenum 
(Larsson 1981), the functional significance of the 
possible gastrointestinal ACTH production is still 
unknown. Alternatively, an increase in ACTH-like 
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bacterial protein production in this preparation 
can be a possible source for ACTH-like immuno-
reactivity.

According to the theory of adequate nutrition, 
the flow of hormones massively produced in the 
gut during nutrient digestion should be preserved 
for accurate metabolic regulation at both local and 
systemic levels. Nevertheless, although called ‘eutro
phic’, i. e. necessary for a normal trophic function, 
the main meaning of this hormonal flow was as-
sumed only as regulatory. One may ask why a direct 
trophic function of peptide hormones was not 
mentioned by Ugolev. In fact, beside their signaling 
role, regulatory peptides may serve as nutrients 
after their intracellular digestion by target cells. 
A direct practical consequence of the idea to preserve 
feeding-induced hormonal flow, among other fac-
tors, is now implemented in the guidelines on paren
teral nutrition where enteral nutrition should be 
always the first choice when the total parenteral 
nutrition is considered, e. g. in elderly or cancer 
patients (Laviano, Meguid 1996; Sobotka et al. 2009).

Conclusion

Although Ugolev’s theory of adequate nutrition 
was poorly-known to the international commu-
nity, most likely due to its publication in Russian 
scientific literature, it was nevertheless successful 
as it has been integrated in both medical education 
and at least partly in medical practice in Russia and 
some other post-soviet states. In fact, it has clearly 
shaped the minds and activity of medical practitio-
ners educated in the USSR and Russia during the 
last 40 years by including the paradigm of dysbiosis, 
sometime called dysbacteriosis, as a diagnostic term 
directing the strategies for treatment and preven-
tion of some chronic diseases (Tkachenko 2014). 
This, in turn, initiated a large number of works for 
the search of new approaches for the treatment and 
prevention of intestinal dysbiosis. Ugolev’s students 
and co-workers from the Laboratory of Nutri-
tional Physiology (Pavlov Institute of Physiology 
RAS, Saint Petersburg) have also contributed to this 
research — in particular, by showing together with 
their colleagues from the Institute of Experimental 
Medicine that certain probiotic bacteria (e. g. En-
terococcus) may efficiently restore digestive function 

during experimental dysbiosis in rats (Ermolenko 
et al. 2013). The present article has aimed to brief-
ly present Ugolev’s theory, making it available for 
a wide international audience. Although some 
papers by Ugolev, his colleagues and followers,  
as referenced here, have been published in Russian, 
the language translators available nowadays can be 
conveniently used to read them anywhere across 
the world.

As concluded by Ugolev in his book Theory 
of Adequate Nutrition and Trophology: ‘…the theo
ry of adequate nutrition has just started to be built, 
it still has many lacunas which will be filled by future 
studies opening new horizons’ (Ugolev 1991). We 
also conclude this paper by saying that Ugolev’s 
work looks interesting not only from the historical 
perspective. In fact, given recent advancement  
of nutritional science revealing important trophic 
roles of gut microbiota and the enteroendocrine 
system, Ugolev’s theory of adequate nutrition ap-
pears as a yet viable contemporary approach to nu-
trition, which provides an insight into complex 
molecular processes of energy exchange and drives 
the development of practical nutritional applications.

Conflict of Interest

The authors declare that there is no conflict 
of interest, either existing or potential.

Конфликт интересов

Авторы заявляют об отсутствии потенци-
ального или явного конфликта интересов.

Author Contributions

a. Sergueï O. Fetissov — concept, writing and 
editing the article; 

b. Lyudmila V. Gromova — selection of figures, 
formatting the bibliography.

Вклад авторов

а. Фетисов Сергей Олегович — концепция, 
написание и редактирование статьи;

б. Громова Людмила Викторовна — подбор 
рисунков, оформление библиографии.

References

Alexander, C., Kelly, S. S., Fahey, G. C., Garleb, K. A. (2019) Perspective: Physiologic importance of short-chain 
fatty acids from nondigestible carbohydrate fermentation. Advances in Nutrition, vol. 10, no. 4, pp. 576–589. 
https://doi.org/10.1093/advances/nmz004 (In English)

https://www.doi.org/10.33910/2687-1270-2026-7-2-195-205
https://doi.org/10.1093/advances/nmz004


Интегративная физиология, 2026, т. 7, № 2	 203

S. O. Fetissov, L. V. Gromova

Anand, B. K., Brobeck, J. R. (1951) Localization of a “feeding center” in the hypothalamus of the rat. Proceedings 
of the Society for Experimental Biology and Medicine, vol. 77, no. 2, pp. 323–324. https://doi.org/10.3181/00379727-
77-18766 (In English)

Bäckhed, F., Ley, R. E., Sonnenburg, J. L. et al. (2005) Host-bacterial mutualism in the human intestine. Science, 
vol. 307, no. 5717, pp. 1915–1920. https://doi.org/10.1126/science.1104816 (In English)

Bear, T. L. K., Dalziel, J. E., Coad, J. et al. (2020) The role of the gut microbiota in dietary interventions for depression 
and anxiety. Advances in Nutrition, vol. 11, no.4, pp. 890–907. https://doi.org/10.1093/advances/nmaa016 
(In English)

Bulgakov, S. A., Roshchina, G. M., Bobkov, A. I. et al. (1982) Isolated gastro-intestinal tract synthetizes ACTH and 
possibly thyroid hormones and enkephalins. Doklady Akademii Nauk SSSR, vol. 266, no. 4, pp. 1017–1019. 
(In Russian)

Burkitt, D. P., Walker, A. R. P., Painter, N. S. (1974) Dietary fiber and disease. The Journal of the American Medical 
Association, vol. 229, no. 8, pp. 1068–1074. (In English)

Clemente, J. C., Ursell, L. K., Parfrey, L. W., Knight, R. (2012) The impact of the gut microbiota on human health: 
An integrative view. Cell, vol. 148, no. 6, pp. 1258–1270. https://doi.org/10.1016/j.cell.2012.01.035 (In English)

Ermolenko, E., Gromova, L., Borschev, Y. et al. (2013) Influence of different probiotic lactic acid bacteria on microbiota 
and metabolism of rats with disbiosis. Bioscience of Microbiota, Food and Health, vol. 32, no. 2, pp. 41–49. 
https://doi.org/10.12938/bmfh.32.41 (In English)

Fetissov, S. O. (2017) Role of the gut microbiota in host appetite control: Bacterial growth to animal feeding 
behaviour. Nature Reviews Endocrinology, vol. 13, no. 1, pp. 11–25. https://doi.org/10.1038/nrendo.2016.150 
(In English)

Gainetdinov, R. R., Hoener, M. C., Berry, M. D. (2018) Trace amines and their receptors. Pharmacological reviews, 
vol. 70, no. 3, pp. 549–620. https://doi.org/10.1124/pr.117.015305 (In English)

Gibbs, J., Young, R. C., Smith, G. P. (1973) Cholecystokinin decreases food intake in rats. Journal of Comparative 
and Physiological Psychology, vol. 84, no. 3, pp. 488–495. https://doi.org/10.1037/h0034870 (In English)

Gray, G. M. (1992) Starch digestion and absorption in nonruminants. The Journal of Nutrition, vol. 122, no. 1, 
pp. 172–177. https://doi.org/10.1093/jn/122.1.172 (In English)

Gustafsson, B. E. (1948) Germ-free rearing of rats, general technique. Acta pathologica et microbiologica Scandinavica. 
Suppl. Lund: Berlingska boktryckeriet Publ., 73 p. (In English)

Hall, A. E., Engevik, M. A., Oezguen, N. et al. (2019) ClC transporter activity modulates histidine catabolism 
in Lactobacillus reuteri by altering intracellular pH and membrane potential. Microbial Cell Factories, vol. 18, 
no. 1, article 212. https://doi.org/10.1186/s12934-019-1264-0 (In English)

Hooks, K. B., Konsman, J. P., O’Malley, M. A. (2018) Microbiota-gut-brain research: A critical analysis. Behavioral 
and Brain Sciences, vol. 42, article e60. https://doi.org/10.1017/S0140525X18002133 (In English)

Jesuitova, N. N., Delaey, P., Ugolev, A. M. (1964) Digestion of starch in vivo and in vitro in a rat intestine. Biochimica 
et Biophysica Acta, vol. 86, pp. 205–210. https://doi.org/10.1016/0304-4165(64)90043-1 (In English)

Kushak, R. I., Winter, H. S., Buie, T. M. et al. (2017) Analysis of the duodenal microbiome in autistic individuals: 
Association with carbohydrate digestion. Journal of Pediatric Gastroenterology and Nutrition, vol. 64, no. 5, 
pp. e110–e116. https://doi.org/10.1097/MPG.0000000000001458 (In English)

Larsson, L. I. (1981) Adrenocorticotropin-like and alpha-melanotropin-like peptides in a subpopulation of human 
gastrin cell granules: Bioassay, immunoassay, and immunocytochemical evidence. Proceedings of the National 
Academy of Sciences of the United States of America, vol. 78, no. 5, pp. 2990–2994. https://doi.org/10.1073/
pnas.78.5.2990 (In English)

Laviano, A., Meguid, M. M. (1996) Nutritional issues in cancer management. Nutrition, vol. 12, no. 5, pp. 358–371. 
https://doi.org/10.1016/S0899-9007(96)80061-X (In English)

Martinez Leo, E. E., Segura Campos, M. R. (2020) Effect of ultra-processed diet on gut microbiota and thus its role 
in neurodegenerative diseases. Nutrition, vol. 71, article 110609. https://doi.org/10.1016/j.nut.2019.110609 
(In English)

Mayer, E. A. (2011) Gut feelings: The emerging biology of gut-brain communication. Nature Reviews Neuroscience, 
vol. 12, no. 8, pp. 453–466. https://doi.org/10.1038/nrn3071 (In English)

Metchnikoff, E. (1910) The nature of man: Studies in optimistic philosophy. New York: G. P. Putnam’s sons Publ., 
309 p. (In English)

Misautova, A. A., Zlatkina, A. R., Makievskaya, S. E. et al. (1975) Microbial flora of the lumen and mucosal layer 
of the human small intestine in norm and in different diseases of the gastro-intestinal tract. In: Chemical and 
physiological problems of the design and use of synthetic food: Carbohydrate nutrition. Riga: Zinatne Publ., 
pp. 194–202. (In Russian)

Mitiushova, N. M., Popov, E. L., Shumikhina, K. I. et al. (1972) On the presence of bacterial flora associated with 
the mucosal layer in the small intestine of rats. Doklady Akademii Nauk SSSR, vol. 202, no. 5, pp. 1204–1207. 
(In Russian)

Mityushova, N. M., Popov, E. L., Shumikhina, K. I. et al. (1975) On the localization and several properties of bacterial 
flora in the small intestine of higher animals (about the luminal and mucosal populations of microorganisms). 

https://doi.org/10.3181/00379727-77-18766
https://doi.org/10.3181/00379727-77-18766
https://doi.org/10.1126/science.1104816
https://doi.org/10.1093/advances/nmaa016
https://doi.org/10.1016/j.cell.2012.01.035
https://doi.org/10.12938/bmfh.32.41
https://doi.org/10.1038/nrendo.2016.150
https://doi.org/10.1124/pr.117.015305
https://doi.org/10.1037/h0034870
https://doi.org/10.1093/jn/122.1.172
https://doi.org/10.1186/s12934-019-1264-0
https://doi.org/10.1017/S0140525X18002133
https://doi.org/10.1016/0304-4165(64)90043-1
https://doi.org/10.1097/MPG.0000000000001458
https://doi.org/10.1073/pnas.78.5.2990
https://doi.org/10.1073/pnas.78.5.2990
https://doi.org/10.1016/S0899-9007(96)80061-X
https://doi.org/10.1016/j.nut.2019.110609
https://doi.org/10.1038/nrn3071


204	 https://www.doi.org/10.33910/2687-1270-2026-7-2-195-205

The key role of gut microbiota and the enteroendocrine system in A. M. Ugolev’s theory…

In: Chemichal and physiological problems of the design and use of synthetic food: Carbohydrate nutrition. Riga: 
Zinatne Publ., pp. 165–193. (In Russian)

Mutt, V. (ed.). (1988) Gastrointestinal hormones. Vol. 11. San Diego: Academic Press, 545 p. (In English)
Reunanen, J., Kainulainen, V., Huuskonen, L. et al. (2015) Akkermansia muciniphila adheres to enterocytes and 

strengthens the integrity of the epithelial cell layer. Applied and Environmental Microbiology, vol. 81, no. 11, 
pp. 3655–3662. https://doi.org/10.1128/AEM.04050-14 (In English)

Reyniers, J. A., Trexler, P. C., Ervin, R. F. (1946) Rearing germ-free albino rats. Lobund reports, no. 1, pp. 1–84. 
(In English)

Schneider, E., O’Riordan, K. J., Clarke, G., Cryan, J. F. (2024) Feeding gut microbes to nourish the brain: Unraveling 
the diet–microbiota–gut–brain axis. Nature Metabolism, vol. 6, no. 8, pp. 1454–1478. https://doi.org/10.1038/
s42255-024-01108-6 (In English)

Skvortsova, N. B., Polenov, A. L., Ugolev, A. M. (1973) Hypothalamo-hypophyseal neurosecretory system  
(H.-H.N.S.) in cats following removal and isolation of the duodenum. Possible effect of intestinal hormones 
on the H.-H.N.S. Doklady Akademii Nauk SSSR, vol. 211, no. 1, pp. 252–255. (In Russian) 

Skvortsova, N. N., Volkonskaia, V. A., Tuliaganova, E. Kh. et al. (1975) Existence of a special appetite-regulating 
intestinal hormone-arenterin. Doklady Akademii Nauk SSSR, vol. 220, no. 2, pp. 493–495. (In Russian) 

Sobotka, L., Schneider, S. M., Berner, Y. N. et al. (2009) ESPEN Guidelines on parenteral nutrition: geriatrics. 
Clinical Nutrition, vol. 28, no. 4, pp. 461–466. https://doi.org/10.1016/j.clnu.2009.04.004 (In English)

Thomas, B., Andreani, N. A., Lahaye, E. et al. (2026) Immunization reveals a key role of Enterobacterial ClpB protein 
in the development of host anorexia. Brain, Behavior and Immunity, vol. 131, article 106152. https://doi.
org/10.1016/j.bbi.2025.106152 (In English)

Tkachenko, E. I. (2014) Paradigm of dysbiosis in the modern gastroenterology. The role of microbiota in the 
treatment and prevention of diseases in the XXI century. Experimental and Clinical Gastroenterology, no. 5, 
pp. 4–8. (In Russian)

Ugolev, A. M. (1960a) Influence of the surface of the small intestine on enzymatic hydrolysis of starch by enzymes. 
Nature, vol. 188, no. 4750, pp. 588–589. https://doi.org/10.1038/188588b0 (In English)

Ugolev, A. M. (1960b) Results of full extirpation of the duodenum and its general hormonal effects. Doklady 
Akademii Nauk SSSR, vol. 133, no. 4, pp. 988–991. (In Russian)

Ugolev, A. M. (1960c) Influence of the duodenal extracts on general appetite. Doklady Akademii Nauk SSSR, 
vol. 133, no. 5, pp. 1251–1254. (In Russian)

Ugolev, A. M. (1965) Membrane (contact) digestion. Physiological Reviews, vol. 45, no. 3, pp. 555–595. https://doi.
org/10.1152/physrev.1965.45.3.555 (In English)

Ugolev, A. M. (1975) Non-digestive functions of the intestinal hormones (enterines). New data and hypotheses 
based on experimental duodenectomy (Short review). Acta Hepato-Gastroenterologica (Stuttg), vol. 22, no. 5, 
pp. 320–326. (In English)

Ugolev, A. M. (1978) Enterine (intestinal hormonal) system. Leningrad: Nauka Publ., 315 p. (In Russian)
Ugolev, A. M. (1980) Trophology — a new interdisciplinary science. Vestnik Akademii nauk SSSR, no. 1, pp. 50–61. 

(In Russian) 
Ugolev, A. M. (1985) Evolution of digestion and principles of evolution of functions: Elements of modern functionalism. 

Leningrad: Nauka Publ., 544 p. (In Russian)
Ugolev, A. M. (1986) The theory of adequate nutrition. Clinical Medicine (Mosk), vol. 64, no. 4, pp. 15–24. 

(In Russian)
Ugolev,A. M. (1991) Theory of adequate nutrition and trophology. Leningrad: Nauka Publ., 272 p. (In Russian)
Ugolev,A. M., Gruzdkov, A. A., De Laey, P. et al. (1975) Substrate interactions on the intestinal mucosa: A concept 

for the regulation of intestinal digestion. British Journal of Nutrition, vol. 34, no. 2, pp. 205–220. https://doi.
org/10.1017/s0007114575000268 (In English)

Ugolev, A. M., Gruzdkov, A. A., Egorova, V. V. et al. (1981) Enzymatic adaptation of the pancreas and small intestine 
to the food with different content of protein, fat and carbohydrates. In: Problems of clinical and experimental 
enterology. Leningrad: [s. n.], pp. 103–119. (In Russian)

Ugolev, A. M., Iezuitova, N. N. (1982) Membrane digestion and modern concepts of food assimilation. World 
Review of Nutrition and Dietetics, vol. 40, pp. 113–187. https://doi.org/10.1159/000406968 (In English)

Ugolev, A. M., Iesuitova, N. N., Timofeeva, N. M., Fediushina, I. N. (1964a) Location of hydrolysis of certain 
disaccharides and peptides in the small intestine. Nature, vol. 202, no. 4934, pp. 807–809. https://doi.
org/10.1038/202807a0 (In English)

Ugolev, A. M., Jesuitova, N. N., Delaey, P. (1964b) Localization of invertase activity in small intestinal cells. Nature, 
vol. 203, no. 4947, pp. 879–880. https://doi.org/10.1038/203879a0 (In English)

Ugolev, A. M., Kooshuck, R. I. (1966) Hydrolysis of dipeptides in cells of the small intestine. Nature, vol. 212, 
no. 5064, pp. 859–860. https://doi.org/10.1038/212859a0 (In English)

Ugolev, A. M., Mityushova, N. M., Egorova, V. V. et al. (1979a) Catalytic and regulatory properties of the Triton 
and trypsin forms of the brush border hydrolases. Gut, vol. 20, no. 9, pp. 737–742. https://doi.org/10.1136/
gut.20.9.737 (In English) 

https://www.doi.org/10.33910/2687-1270-2026-7-2-195-205
https://doi.org/10.1128/AEM.04050-14
https://doi.org/10.1038/s42255-024-01108-6
https://doi.org/10.1038/s42255-024-01108-6
https://pubmed.ncbi.nlm.nih.gov/4722112/
https://pubmed.ncbi.nlm.nih.gov/4722112/
https://pubmed.ncbi.nlm.nih.gov/4722112/
https://doi.org/10.1016/j.clnu.2009.04.004
https://doi.org/10.1016/j.bbi.2025.106152
https://doi.org/10.1016/j.bbi.2025.106152
https://doi.org/10.1038/188588b0
https://doi.org/10.1152/physrev.1965.45.3.555
https://doi.org/10.1152/physrev.1965.45.3.555
https://doi.org/10.1017/s0007114575000268
https://doi.org/10.1017/s0007114575000268
https://doi.org/10.1159/000406968
https://doi.org/10.1038/202807a0
https://doi.org/10.1038/202807a0
https://doi.org/10.1038/203879a0
https://doi.org/10.1038/212859a0
https://doi.org/10.1136/gut.20.9.737
https://doi.org/10.1136/gut.20.9.737


Интегративная физиология, 2026, т. 7, № 2	 205

S. O. Fetissov, L. V. Gromova

Ugolev, A. M., Rotshina, G. M., Ekkert, L. G. (1985) An isolated rat abdominal preparation. Bulletin of Experimental 
Biology and Medicine, vol. 98, no. 2, pp. 1144–1146. https://doi.org/10.1007/BF01262492 (In English)

Ugolev, A. M., Smirnova, L. F., Iezuitova, N. N. et al. (1979b) Distribution of some adsorbed and intrinsic enzymes 
between the mucosal cells of the rat small intestine and the apical glycocalyx separated from them. FEBS Letters, 
vol. 104, no. 1, pp. 35–38. https://doi.org/10.1016/0014-5793(79)81080-7 (In English)

Wostmann, B. S. (1981) The germfree animal in nutritional studies. Annual Review of Nutrition, vol. 1, pp. 257–279. 
https://doi.org/10.1146/annurev.nu.01.070181.001353 (In English) 

Zhang, N., Ju, Z., Zuo, T. (2018) Time for food: The impact of diet on gut microbiota and human health. Nutrition, 
vol. 51–52, pp. 80–85. https://doi.org/10.1016/j.nut.2017.12.005 (In English)

https://doi.org/10.1007/BF01262492
https://doi.org/10.1016/0014-5793(79)81080-7
https://doi.org/10.1146/annurev.nu.01.070181.001353
https://doi.org/10.1016/j.nut.2017.12.005

