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«Can you teach old drugs new tricks?»
Nicola Nosengo asked in 2016 [1]. Faced
with skyrocketing costs for developing
new drugs, researchers are looking at
ways to repurpose older ones — and
even some that failed in initial trials.
The answer to this question was given
back in 1988 when James White Black
with Gertrude Elion and George
Hitchings were awarded the Nobel
Prize in Physiologyand Medicine «For
the discovery of important principles
of drug therapy». The main conclusion
of this work is that «...the most fruitful
basis for the discovery of a new drug is
to start with an old drug».

The process of finding new uses out-
side the scope of the original medical
indication for existing drugs is also
known as redirecting, repurposing,
repositioning and reprofiling. For
instance, the National Global Cancer
Network estimates that 50-75% of
drugs in the US are used off-label [2].

Lactulose was first made in 1929,
and has been used medically since the
1950s [3]. Lactulose is made from the
milk sugar lactose, which is composed
of two simple sugars, galactose and
glucose [4]. It is on the World Health
Organization's List of Essential Medi-
cines. It is available as a generic medi-
cation. In 2021, it was the 265" most

commonly prescribed medication in the
United States, with more than 1 mil-
lion prescriptions.

Thus, lactulose is a well-known syn-
thetic sugar used to treat constipation.
It is broken down in the colon into
products that pull water out from the
body and into the colon. This water
softens stools. Lactulose is also used to
reduce the amount of ammonia in the
blood of patients with hepatic encepha-
lopathy [5]. It is administered orally
for constipation, and either orally or
rectally for hepatic encephalopathy. It
generally begins working after 8-12
hours, but may take up to 2 days to
improve constipation.

Common side effects include abdomi-
nal bloating and cramps. A potential
exists for electrolyte problems as a
result of the diarrhea it produces. No
evidence of harm to the fetus has been
found when used during pregnancy. It
is generally regarded as safe during
breast feeding and it is classified as an
osmotic laxative [6].

There seem to be no other options for
the therapeutic use of lactulose. How-
ever, based on a number of theoretical
considerations about the possible meta-
bolic and electrical transformations of
lactulose and the effects of its deriva-
tives, we decided to test this compound
as an antihypoxic agent [7].

The aim of study — to test experi-
mentally the hypothesis about the pos-
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sible antihypoxic effect of the drug
lactudose in vitro.

Materials and methods. All animal
studies were performed in accordance
with the recommendations of the
«European convention for the protec-
tion of vertebrate animals used for
experimental and other scientific pur-
poses» and approved by the Institutional
animal care and use committee. Experi-
ments were performed on 6-8 weeks
male Wistar rats (weight 250-300 g)
housed under controlled environmental
conditions (21 °C, 12 h—12 h light—dark
cycle) and free access to water and
standard rodent chow.

Experiments in vascular smooth mus-
cles

Adult male Wistar rats (250-275 g)
were anesthetised using alpha chlo-
ralose, 40 mg/kg, plus urethane,
400 mg/kg b/w, i. p. and then eutha-
nized by cervical dislocation.

The portal vein was chosen as object
of the study for the following reasons.
Firstly, it has clearly expressed electri-
cal and contractile activity (myogenic
automaticity). Secondly, it is a general-
ly accepted model of resistance
vessels [8]. And thirdly, in ancient
times it played the role of the heart in
cyclostome fish — hagfish.

Segments of rat portal vein were cut
out, cleaned of both connective and
adipose tissue. Then, the portal vein
was cut to a longitudinal strip with a
width of 1 mm and a length of 3—4 mm.
The tissue bath was perfused with a
modified Krebs-bicarbonate buffer of
the following composition (mM): NaCl,
133; KCl, 4.7; NaHCO,, 10; NaH,PO,,
1.38; CaCl,, 2.5; MgCl,, 1.2; HEPES,
10; glucose, 7.8; pH 7.3 at temperature
37 'C. To decrease pO, in buffer solu-
tion, it was gassed with nitrogen. All
preliminary procedures were performed
at room temperature in a nominally

Ca?" — free physiological salt solution.

Then, vascular strips were mounted
isometrically in a tissue bath at a
volume of 0.6 ml between a stationary
stainless-steel hook and an isometric
force transducer (AE 801, SensoNor,
A/S, Norten, Norway) coupled to an
AD converter Lab-Trax-4/16 (World
Precision Instruments, Inc., Sarasota,
USA). The tissue bath was equipped
with platinum Ag/Cl polarographic
electrodes connected with polarographic
analyser PA-3 (Laboratorni Pristroje,
Praha, Czech Republic) and stimulat-
ing platinum electrodes (electronic
stimulator SEN-1101, Nihon Cohden,
Tokyo, Japan). The wvascular strips
were lengthened sufficiently to produce
a passive force at 4-6 mN. Then the
strips were equilibrated for 1 hour at a
resting tension. Following the equili-
bration period, the vascular strips were
exposed several times to norepineph-
rine (NE, 10 M) or electrical simula-
tion (10 V, 20 msec, 8-16 Hz) until
reproducible contractile responses were
obtained.

Chemicals and solutions

Lactulose was from the pharmaceuti-
cal company «Viola», Zaporpozhye,
Ukraine. All other necessary com-
pounds were obtained from Sigma
Aldrich (St. Louis, USA).

Results and discussion. The sponta-
neous activity of the portal vein — as
an example of a blood vessel with high-
ly pronounced electrical and mechani-
cal spontaneous activity. It therefore
appears permissible to take smooth
muscle of portal vein as the functional
basis of vascular smooth muscle in
general. The typical patterns of portal
vein spontaneous contractile activity as
well electrically induced increase in
contractile force before and under
decrease in bath pO, (hypoxia) are
shown in Figure 1, 2. It should be
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noted that lactulose itself at a concen-
tration of 10* M had no effect on the
autorhythmic activity of the portal
vein under conditions of normal oxy-
genation. It is clear that the lowering
of the pO, in organ bath exerted a pro-
nounced effect on spontaneous and
electrically induced smooth muscle
(SM) contractile activity. It was shown
that the decrease in bath pO, from
142-147 mm Hg to 10-8 mm Hg caused
gradual and clearly expressed inhibi-
tion in myogenic spontaneous contrac-
tile activity, and at the bath pO, below
12 mm Hg spontaneous activity of the
rat portal vein ceased completely.
Hypoxia also led to a significant
decrease in the level of isometric ten-
sion caused by electrical stimulation of
smooth muscles.

The effects of hypoxia were com-
pletely reversible, i. e. redevelopment
of SM contractile activity upon return
to normoxia was full and corresponded

to prehypoxic level within 5—7 min of
reoxygenation.

Surprisingly, lactulose (10* M)
demonstrated a clearly expressed abili-
ty to restore spontaneous activity of
the rat portal vein inhibited under
hypoxia. Figure 1 shows that lactulose,
being added to the bath solution against
the background of pronounced decrease
in spontaneous myogenic activity
caused by hypoxia, possess the ability
partially restore spontaneous activity
of portal vein suppressed under hypoxia.

The next Figure 2 shows typical
response of the rat portal vein to field
electrical stimulation (ES, 8 Hz, 20 ms,
13 V) at the normal level of organ bath
oxygenation (142 mm Hg). The ampli-
tude of this response appears to be
greatly decreased wunder hypoxia,
20 mm Hg (Figure 3).

Thus, if under conditions of normal
oxygenation, the amplitude of the pla-
teau isometric tension of smooth muscles
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Figure 1. Original contractile recordings the effect of lactulose (10* M) application on spontaneous
activity of rat portal vein suppressed under hypoxia (20 mm Hg) impact
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Figure 2. Contractile response of the rat portal vein to field electrical simulation (8 Hz, 20 ms, 13 V) under
normal oxygenation (142 mm Hg)
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Figure 3. Contractile response of the rat portal vein to field electrical simulation (8 Hz, 20 ms, 13 V) under
hypoxia (20 mm Hg)
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in response to electrical stimulation
averaged (2.9 += 0.3) mN, then under
conditions of hypoxia this value decreased
to (1.85 = 0.1) mN (n = 10, P < 0.05). The
addition of lactulose to the perfusate led to
an increase of this parameter to (2.1 = 0.1)
mN (n = 12, P < 0.05) (Figure 4).

In case of lactulose was added to the
organ bath perfusate before hypoxic
impact and electrical stimulation, the
stimulation induced paradoxical incre-
ment in isometric tension (Figure 5).

All these effects, frankly speaking, is
really unexpected and difficult to
explain. Let's look at what happens to
lactulose when taken orally. Lactulose
(4-O-beta-D-galactopyranosyl-D-fructose)
is a disaccharide consisting of residues
of galactose and fructose molecules, a
synthetic structural isomer of milk
sugar — lactose, not found in nature.
It is generally accepted that lactulose is
not absorbed in the small intestine nor
broken down by human enzymes, thus
stays in the digestive bolus through
most of its course, causing retention of
water through osmosis leading to
softer, easier-to-pass stool. It has a
secondary laxative effect in the colon,
where it is fermented by the gut flora,
producing metabolites which have
osmotic powers and peristalsis-stimu-
lating effects (such as acetate), but also
methane associated with flatulence.

Lactulose is metabolized in the colon
by bacterial flora into short-chain fatty
acids, monosaccharides, lactic acid and
acetic acid, volative fatty acids, hydro-
gen and methane. These partially dis-
sociate, acidifying the colonic contents
increasing the H' concentration in the
gut [8]. This favour the formation of
the nonabsorbable NH, from NH,, trap-
ping NH, in the colon and effectively
reducing plasma NH, concentrations.
Lactulose is therefore effective in
treating hepatic encephalopathy as it
was indicated before, but specifically,

it is effective as secondary prevention
of hepatic encephalopathy in people
with cirrhosis [9]. Moreover, research
showed improved cognitive functions
and health-related quality of life in
people with cirrhosis with minimal
hepatic encephalopathy treated with
lactulose [10].

This probably exhausts all the known
therapeutic effects of lactulose. Some
novelty in this regard has appeared in
the work [11]. They wrote that due to
fermentation by the bacteria in the gas-
trointestinal tract, lactulose can pro-
duce considerable amount of hydrogen,
which is maybe protective for ischemic
stroke as a unique antioxidant. These
authors supposed that lactulose can
induce the production of endogenous
hydrogen that in turn reduces oxida-
tive stress and ameliorate the stroke
damage in human beings. Based on its
own studies, they hypothesize that lac-
tulose may be a novel promising pre-
ventive and therapeutic option for
stroke as an indirect antioxidant. By
increasing gastrointestinal tract
derived hydrogen, it may significantly
reduce the possibility of stroke and
alleviate ischemia/reperfusion injury
after the stroke, improving the life
quality of patients.

What's more, it is noteworthy that
lactulose probably has many other
beneficial antioxidant effects on a
wide range of aspects, such as cardio-
vascular diseases, neurodegenerative
diseases et al., which still needs further
study.

Thus, lactulose is metabolized in the
colon by colonic bacteria to monosac-
charides, and then to wvolatile fatty
acids, hydrogen, and methane. Volatile
fatty acids (VFAs), including acetic,
propionic and butyric, are the essential
intermediates of anaerobic fermenta-
tion. The products of lactulose hydroly-
sis also include lactic acid. VFAs are
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Figure 4. Contractile response of the rat portal vein to field electrical simulation (EC, 8 Hz, 20 ms, 13 V) under
hypoxia (20 mm Hg) in the presence of lactulose (10* M)
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Figure 5. Contractile response of the rat portal vein to field electrical simulation (EC, 8 Hz, 20 ms, 13 V) under
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organic compounds with six or fewer
carbons in their structure. Although
these terms are unfamiliar to the
general public, they can be found in
nature, usually as a result of bacterial
processes such as anaerobic digestion.
Given their high energy value, VFAs
are a common part of animal metabo-
lism.

Absorption of VFAs at their site of
production is rapid, and large quanti-
ties are metabolized by the ruminal or
large intestinal epithelium of rumi-
nants before reaching the portal blood.
Most of the butyrate is converted to
ketone bodies or CO, by the epithelial
cells, and nearly all of the remainder is
removed by the liver. Propionate is
similarly removed by the liver, but is
largely converted to glucose. Although
species differences exist, acetate is
used principally by peripheral tissues,
especially fat and muscle. Significant
VFAs, however, are now known to be
produced in omnivorous species, such
as pigs and humans. Current estimates
are that VFA contribute approximately
70% to the caloric requirements of
ruminants, such as sheep and cattle,
approximately 10% for humans, and
approximately 20-30% for several
other omnivorous or herbivorous ani-
mals. In addition to the energetic or
nutritional contributions to the body,
the VFAs may indirectly influence cho-
lesterol synthesis and even help regu-
late insulin or glucagon secretion [12].

The problem is that all this happens
in the colon. Doesn't any of this hap-
pens in Krebs solution under in vitro
condition?

In a very useful review [13] clearly
indicated that besides glucose, fatty
acids also act as an available source of
energy for vascular SMCs, and fatty
acid oxidation (FAO) generates more
energy than glucose, although it needs
more oxygen per molecule of ATP

synthesized [14]. Fatty acid could
change the metabolism of glucose and
glycogen in both quiescent and con-
tracting vascular smooth muscle [15].
Porcine carotid arterial segments
treated with fatty acid showed sup-
pressed glycolysis and decreased lac-
tate production [16]. In vascular SM,
FAO is integrated with glucose metabo-
lism, the energy generated from aero-
bic glycolysis can be provided by FAO,
and the activity of glycolysis can be
regulated by the feedback of the prod-
ucts of FAO [16]. During SM phenotype
switching, synthetic SM display a
decreased glucose oxidation and an
increased FAO, and a higher level of
FAO may supply further energy for SM
to rapid proliferation, migration, syn-
thesis, and secretion of extracellular
matrix [17].

The glucose-fatty acid cycle (Randle
cycle) is characterized by an alterna-
tion between the utilization of glucose
and fatty acid, with an increased fatty
acid oxidation for ATP production,
and, therefore, a blocked glucose oxida-
tion [18]. The Randle cycle was first
reported in heart and skeletal muscles
and adipose tissues, which play vital
roles in the whole-body nutrient homeo-
stasis. Randle cycles also involved in
the regulation of cerebral energy
homeostasis. However, whether the
Randle cycle is engaged in the metabo-
lism of vascular smooth muscle is still
unclear.

In the early 90s the data obtained
allowed us to suggest that plasma
membrane of vascular SM cells and
preferentially its Ca?" permeability may
be involved in response to hypoxia first
of all, and the mechanisms of contrac-
tile machinery energy supply take not
so great part in this response. This
conclusion was based on several lines
of evidence. For one, the effects of low
pO,, Ca? - free solution and Ca?"
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channel blockers on SM contractility
were very similar. Secondary, inward
calcium currents and %°Ca uptake in
vascular SM were diminished at
hypoxia. Finally, liposomes containing
creatine phosphate but not adenosine
triphosphate clearly prevented hypoxic
vascular relaxation.

This way, our results indicated that
one of the most vulnerable links in the
chain of excitation-contraction coupling
in wvascular SM during hypoxia is the
system of passive transmembrane Ca?"
transport. Inhibition of oxidative phos-
phorylation induced by oxygen lack is
not a limiting factor for energy supply
of contractile machinery (at least,
during initial steps of hypoxia) but
even a little decrease in intracellular
creatine phosphate content may lead to
decrease of a number of open Ca?"
channels resultant from damage in
their phosphorylation. Another reason
for decrease in Ca?" permeability is a
rise in intracellular Ca?* which could
be induced by a failure of ATP-dependent
Ca?' outward transport and intracellu-
lar Ca?" sequestration under hypoxia.
Thus, the decrease in Ca?" permeability
of SM cell plasma membrane is accom-
panied by the decrease in Ca?" influx,
disturbance in generation of action
potentials and phasic contractions and
decline in isometric force developed by
SM under hypoxia [19].

Hypoxia, as it known, is a condition
in which there is a discrepancy between
the need for the required amount of
oxygen and its supply. Theoretically, a
seemingly flawless definition of this
condition does not mean that all the
fundamental components of its occur-
rence, development and outcome are
well studied and understood. At the
same time, the undeniable fact is that
drugs that could reduce the negative
impact of hypoxia on tissue are urgent-
ly needed in clinical practice. Many

such compounds are known, which, of
course, does not exclude the need to
search for new, more effective and safe
antihypoxants.

For quite a long time, exogenous glu-
cose was considered an universal anti-
hypoxic agent [20]. However, its anti-
hypoxic effects cannot be explained
solely from the standpoint of energy
and substrate influence. The fact is
that its fluorinated analogue (5-fluo-
ro-deoxyglucose), being metabolized
(though more slowly than glucose, but
ultimately also to glucose-6-phosphate),
aggravates the state of hypoxia [21]. At
the same time, fructose also has an
antihypoxic effect.

In this regard, we came up with a
hypothesis that sugars that are not
hydrolyzed by the living cell can have
biological effects during hypoxia that
are not related to their substrate influ-
ence. As an object of study, we settled
on the disaccharide lactulose, which
contains fructose and galactose con-
nected by a 1-b-4 bond. In the body,
outside the intestines, there are no
enzymes that could metabolize this
bond and hydrolyze this compound. It
seems that if lactulose has an antihy-
poxic effect, this effect will depend
exclusively on non-metabolic factors,
which would make a significant contri-
bution to the understanding of the
fundamental mechanisms of the
development of hypoxic conditions.

Carbohydrates are organic com-
pounds composed of carbon, hydrogen,
and oxygen atoms. They are typically
neutral molecules, meaning they do not
carry a net electrical charge. However,
in certain biochemical reactions (acido-
sis due to hypoxia?) carbohydrates can
undergo ionization and carry partial
charges.

On the other side, channel proteins
only move specific substances, which is
determined by their charge, size, and
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shape. Channel proteins are made from
amino acid chains, and the specific
sequence of amino acids will determine
which molecules a channel can trans-
port. The channel is made from four
identical transmembrane subunits,
which together form a central pore
through the membrane. Negatively
charged amino acids are concentrated
at the cytosolic entrance to the pore
and are thought to attract cations and
repel anions, making the channel
cation-selective. The voltage-sensing
domain of voltage-gated ion channels is
a protein structure critical for sensing
membrane voltage which is character-
ized by specific, conserved, and charged
amino acid residues. Positively charged
residues on ion channel proteins are
the main contributors to voltage-sensing
and negatively charged residues are
believed to participate in this process.

It is usually assumed that molecules
are neutral (carry no electrical charges)
and do not carry unpaired electrons (all
valences are saturated); charged mole-
cules are called molecular ions, mole-
cules with a multiplicity other than
unity (that is, with unpaired electrons
and unsaturated valences). Thus, under
certain changes in environmental con-
ditions (for example, when pH changes),
a previously neutral molecule can turn
into an electrically charged one and,
thus, acquire the ability to interact
with a potential sensor in ion channels.

Another aspect of the problem is
that carbohydrates are important for
protein folding. They are maybe nega-
tively charged and can interact with
ion channel amino acid residues or
another regulatory protein. For exam-
ple, expression of functional human
CD4 on a surface of T-lymphocytes
requires glycosylation of either one or
two N-linked sites within the third
Ig-like domain. Otherwise the protein
is improperly folded and cannot be

exported from the endoplasmic reticu-
lum (it is retained there). But there are
carbohydrate derivatives that do have
ionizable groups, and they would still
be considered carbohydrates. For exam-
ple, glucose 6-phosphate has a charge
of about -1.5 at physiological pH, and
glucuronic acid would be -1 at physio-
logical pH preventing its diffusion
back across the cell membrane into the
blood.

Thus, the binding of a carbohydrate
molecule to a protein may influence the
function of the latter in various ways.
Usually one tends to focus on induced
conformational changes of the protein.
However, though conformational
changes may lead to pronounced func-
tional differences, purely electrostatic
effects also arise and, in some cases,
they may be of more importance than
the former (which may not even occur).

It is interesting that even when the
carbohydrate does not bear a formal
charge, it will change the dielectric
environment upon binding since a
region previously filled with water
(assuming no extensive conformational
changes) will be occupied by a much
lower dielectric medium. Thus, carbo-
hydrates may act as versatile electro-
static modulators of protein function
even when their binding induce few or
none conformational changes on the
protein molecule [22].

Conclusion

The fact that lactulose has direct
antihypoxic abilityis beyond doubt (at
least in vitro). From a clinician’s point
of view, this is already good. The com-
pound is well known and absolutely
harmless. But pharmacology is the sci-
ence of the mechanisms of influence of
chemical substances on living systems
and, therefore, we are obliged to offer
such mechanisms. If not absolutely evi-
dence-based, then at least theoretically
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acceptable. A possible shift in metabo-
lism toward glycolysis would be a good
potential candidate for evidence, but is
difficult to substantiate at this time. It
remains only to assume the possible
interaction of the electrically modified

(under conditions of hypoxia and asso-
ciated acidosis) lactulose molecule with
voltage-dependent calcium channels
and the restoration of their activity,
suppressed during hypoxia.
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A. Soloviev, I. Monchak, V. Kozlovsky, O. Olshevska
Unexpected effects of old drugs — antihypoxic properties of lactulose

Faced with soaring costs of developing new drugs, researchers are looking for ways to repurpose old
ones, that is «...the most fruitful basis for discovering a new drug is to start with an old drug». Lactulose is
a well-known synthetic sugar used to treat constipation. It is not absorbed in the small intestine and is not
broken down by human enzymes. Lactulose is metabolized in the colon by bacterial flora to short-chain
fatty acids, monosaccharides, lactic and acetic acids, volatile fatty acids, hydrogen and methane. The
problem is that all of this happens in the colon. Could something similar happen in Krebs solution under in
vitro conditions?

The aim of study — to test experimentally the hypothesis about the possible antihypoxic effect of the
drug lactudose in vitro.

However lactulose unexpectedly demonstrated a clear ability to restore spontaneous activity of the rat
portal vein inhibited under hypoxia in vitro. Lactulose effectively restores the amplitude of vascular con-
tractions caused by field electrical stimulation that was inhibited by hypoxia. When lactulose was added to
the organ bath both before hypoxic exposure and electrical stimulation, stimulation caused a paradoxical
increase in isometric tension.

Preliminary data obtained suggest that the plasma membrane of vascular smooth muscle cells may
primarily participate, and the mechanisms of energy supply to the contractile apparatus do not take such
a large part in the response to hypoxia. The experiments showed, that one of the most vulnerablel inks in
the excitation-contraction coupling chain in vascular tissues during hypoxia is the system of passive trans-
membrane Ca?* transport.

Probably, sugars that are not hydrolyzed by a living cell can have biological effects during hypoxia that
are not related to their substrate influence. As an object of study, we focused on the disaccharide lactu-
lose, which contains fructose and galactose. In the body, outside the intestines, there are no enzymes that
could metabolize this bond and hydrolyze this compound. It seems that if lactulose has an antihypoxic
effect, then this effect will depend exclusively on non-metabolic factors, which will make a significant con-
tribution to the understanding of the fundamental mechanisms of the development of hypoxic conditions.
The voltage-sensing domain of voltage-gated ion channels is a protein structure important for membrane
voltage sensing that is characterized by specific, conserved, and charged amino acid residues.

It is generally assumed that molecules are neutral and do not carry unpaired electrons. Charged mole-
cules are called molecular ions, molecules with a multiplicity other than unity (i. e., with unpaired electrons
and unsaturated valences). Thus, under certain changes in environmental conditions (for example, a
change in pH), a previously neutral molecule can become electrically charged and thus acquire the ability
to interact with a potential sensor in ion channels. Interestingly, even if a carbohydrate does not carry a
formal charge, when bound it will change the dielectric environment, since the region previously filled with
water (in the absence of significant conformational changes) will be occupied by an environment with a
much lower dielectric constant. Thus, carbohydrates can act as universal electrostatic modulators of pro-
tein function, even if their binding causes little or no conformational change in the protein molecule.

In conclusion, it should be noted, the fact that lactulose has antihypoxic properties is beyond doubt.
From a clinician's point of view, this is already good. The compound is well known and completely harm-
less. But pharmacology is the science of the mechanisms of action of chemicals on living systems, and
therefore we are obliged to propose such mechanisms. If not absolutely demonstrative, then at least
theoretically acceptable. A possible metabolic shift towards glycolysis would be a good potential candidate
for evidence, but is currently difficult to substantiate. It remains only to assume the possible interaction of
the electrically modified (under conditions of hypoxia and associated acidosis) lactulose molecule with
voltage-dependent calcium channels and the restoration of their activity, suppressed during hypoxia.

Key words: drugs, lactulose, antihypoxic properties

A. ConosiioB, I. Mon4ak, B. Ko3noscbkuii, O. OnbLieBcbka
HecnopiBaHi edpekTn cTapux nikiB — aHTUriNOKCUYHI BIaCTUBOCTI IaKTy/103U

3iTKHYBWKNCL 3i CTPIMKMMU BUTpaTaMn Ha pPo3pobKy HOBMX JIiKiB, AOCHIOHUKM LUYKaIOTb LUASXM
nepenpodinioBaHHsA CTapux, TOOTO «...HaWMMiAHILWLOI OCHOBOIO AJIA BiOKPUTTS HOBOro npenaparty €
noyatn 3i cTtaporo npenapaty». JlakTynosa - ue Aobpe BiAOMUIA CUHTETUYHWUIA LYKOP, SKWUIA
BMKOPUCTOBYETLCS A5 JliKyBaHHS 3anopiB. BiH He BCMOKTYETbCA B TOHKOMY KULIEYHUKY Ta He
po3LenoeTbcs depMeHTamun NoanHn. Jlaktynosa meTabonidyeTbCs B TOBCTIV KuwLi 6akTepianbHO0
bNopoo A0 KOPOTKONAHLIOIOBUX XUPHUX KUCIOT, MOHOLYKPIB, MOJIOYHOI Ta OUTOBOI KMCNOTWU, NETKNX
XXUPHUX KMCIIOT, BOAHIO Ta MeTaHy. [Mpobriema B TOMy, WO BCE Le BiabyBaeTbCs B TOBCTIM KMLILi. Y1 Moxe
wock NofibHe ctatucs y po3umHi Kpebca B ymoBax in vitro?

lMpoTe nakTyno3a HecrnoAiBaHoO MNPOAEMOHCTPyBana 4iTKy 34aTHICTb BiQHOBIOBATW CMNOHTaAHHY
aKTUBHICTb BOPOTHOI BEHW LLIYPIiB, MPUIHIYEHY 3a YMOB FiNOKCii in vitro. JlakTyno3a epekTMBHO BiAHOBAIOE
amnAiTyay NPUrHiYEHUX rinoKCie CYAMHHUX CKOPOYEHb, BUKIIMKAHMX MOJSIbOBOKD €N1eKTPOCTUMYNSLIED.
Konn naktynosy gopasanu oo nepdysaty nepes rinokCUYHUM BIJIMBOM I €1IEKTPUYHOIO CTUMYNSLIEID,
CTUMYNSLA BUKAKKana napagokcasnbHe 30iblLEeHHS i30MEeTPUYHOI0 TOHYCY.
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MeTta pocnigxeHHs — ekCnepuMeHTasibHa NepeBipka rinote3nm nNpo MOXMBY aHTUTIMOKCUYHY Ljto
npenapary nakTygnosw in vitro.

OTpumaHi nonepegHi AaHi ceigyatb Npo Te, WO Y BiAnNoBiAb Ha rinokcito nepLw 3a Bce Moxe 6Gpatu
yyacTb nnasmatnyHa membpaHa rnafeHbKOM’30BUX KNiTUH CYAWH, a MexaHidaMu eHepro3abesneyeHHs
CKOpO4yBaslbHOro anaparty He BrJMBalOTb HACTiNIbkM 3HAYHO Ha Lo peakuito. OTpumaHi pesynstati
nokasanu, WO OAHIEI0 3 HAMBPAa3NMBILLMX NAHOK NaHuora 3B’a3Ky 30YaXKEeHHSI-CKOPOYEHHSI B TKaHUHaX
CY[VH 3a MiMNoKCii € crucTema nacuBHOro TpaHcMembpaHHoro TpaHcnopTy Ca?*.

IMOBIPHO LyKpW, siki HE rigponi3yoTbCsi XXMBOIO KNITUHOK, MOXYTb MaTk 6ionorivyHi edexkTn 3a ymos
rinokcii, Lo He NoB’A3aHi 3 iXHiM BNAMBOM Ha cybcTpart. Ak 06’ekT focniaxkeHHs 6yno obpaHo ancaxapug, —
NaKkTynoay, Wo MiCTuTb GPyKTO3y Ta ranaktoldy. B opraHiami, no3a KNWEYHUKOM, HEMAE DEPMEHTIB, AKi
Mo 6 meTtabonidyBatv Lei 3B’A30K i rigposidyBati cnosyky. 30a€eTbCs, SKWO JlakTyno3a Mae
aHTUIMNOKCUYHY fjlo, TO US Ais 3anexatnmMe BUKJIIYHO Big HemeTaboniyHux dakTopis, Wo 3pobutb
3HAYHUIA BHECOK Y PO3YMIHHA @YHAAMEHTANbHUX MEXaAHI3MIB PO3BUTKY TiMOKCUYHUX CTaHiIB.
MoTeHuianyyTnnBmii JOMEH NoTeHujian3anexHux ioHHUX kaHaniB — ue 6inkoBa CTPYKTypa, L0 BaX1Ba asi
CNPUIAHATTA MeMOpPaHHOT HaNpPyrv Ta XxapakTepuayeTbes creumdivHnMm 3apaakeH MmN aMmiHOKUCIIOTHUMM
3anuwkamu.

3asBuyait BBaXa€ETbCS, LLIO MONEKYIN HENTPasIbHI Ta HE HECYTb HECMApPEHUX eNeKTPOHIB. 3apsaXeHi
MOEKYN HA3NBAIOTLCS MOJIEKYNIIPHMYM ioHaMK (TOBTO, 3 HECNapeHMM eNIEKTPOHAMU Ta HEHACUYEHUMN
BaJIEHTHOCTSIMM). TakMM YMHOM, 3a NEBHUX 3MiH YMOB HaBKOJIMLLHBOIO cepenoBula (Hanpuknag, pH)
paHille HeliTpanbHa MoJieKysla MOXe CTaTh eIEKTPUYHO 3apsAXEHOI0 1 TakMM YMHOM HabyTu 30aTHOCTI
B3aEMOLIATN 3 AATYMKOM MOTEHUjany B iOHHUX kaHanax. LlikaBo, WO HaBiTb KLU0 BYrneBOA HE Hece
dopmanbHOro 3apsay, Konu BiH 3B’A3aHWA, TO 3gaTeH 3MIHUTU AieNeKTpu4He cepenoBuLLe, OCKiSIbKU
obnacTb, sika paHiwe Oyna 3anoBHeHa BOAOI (3a BiACYTHOCTI 3HA4YHMX KOHbOPMaLiIMHUX 3MiH), Byae
3alHATa CepefoBULLEM 3i 3HAYHO HMXYOK LieNIEKTPUYHOIO KOHCTAHTOK. TakMm 4Y4MHOM, BYrEBOAMU
MOXYTb LiITU IK yHIBepCasibHi eN1eKTPoCTaTUYHi MoaynsTopu dyHKLUIT 6inka, HaBiTb AKLLO iXHE 3B’ A3yBaHHS
BUKNKAE HE3HAYHI KOH(OPMAaLLinHI 3MiHK B Monekyni 6inka abo B3arasi He BUKJINKAE iX.

TaknM YMHOM, CAif, 3a3Ha4MTM TON BaKT, L0 NaKTyN03a Ma€ aHTUTMOKCUYHI BNACTUBOCTI, HE BUKJINKAE
CYMHIBIB. 3 TOUKM 30pY KJiHiUUCTa, Le BXe nobpe. Cnonyka nobpe Bigoma i1 abCcontoTHO Helkiananea. Ane
dapmakonoris — e Hayka npo mexaHiaMu Aji XiMiYHUX PEeYOBMH Ha XMBiI CUCTEMM, | TOMY M 3000B’A3aHi
3anporoHyBaT Taki MexaHiaMn. FAKLLO0 He abCOJIIOTHO NOKa30Bi, TO NPUHANMHI TEOPETUYHO MPURHATHI.
MoxnmBuin MmeTabonivyHniA 3cyB y BiK rnikonidy 6yB 61 XOPOLUMM NOTEHLNHUM KaHAMAATOM ANS O0Ka3iB,
asie Hapaai 10ro BaxKko 06rpyHTyBaTu. 3afNLWLAETLCS TiNTbKM MPUMYCTUTM MOXJINBY B3AEMOLII0 €N1EKTPUYHO
MoamdikoBaHOi (B yMOBax FMOKCii Ta NOB’A3aHOM0 3 HEK aumao3y) MOJIEKYIN NAKTyn03M 3 BOJSIbTaX-
3aNeXHUMU KanbLiEBMMU KaHaNaMm Ta BiGHOBIEHHSAM iXHbOT aKTUBHOCTI, ika NPUIrHiYeHa nig 4ac rinokcii.
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