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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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and review.
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The influence of gut microbiomes on health has been gaining
significance lately. More emphasis is their role in neurological
illnesses as several of the metabolites and factors produced by
the gut affect the brain via the gut-brain axis. Among all the gut
microbiome produced metabolites, butyrate has been considered
the most significant. Externally supplemented butyrate though
has health benefits, when evaluated thoroughly, it is understood
that there have been different pathways involved in the
production of butyrate by the gut microbiome with the produced
butyrate even being detrimental, though majority are beneficial.
Importantly maternal butyrate supplementation has resulted in
detrimental effects in the offspring. In this background, a black
yeast Aureobasidium pullulans produced biological response
modifier beta glucans (BRMGs) has shown beneficial outcome
(anti-inflammatory: decrease in IL-6, Ferritin, C-reactive
protein in COVID-19, D-Dimer; anti-fibrotic in fatty liver
disease; improvement of behaviour and sleep with increase
in a-synuclein, melatonin in autism) along with its effect on
increasing the butyrate producing bacteria in the gut. Since
only advantageous outcome has been reported with this BRMG
produced butyrate, it is worth being considered as a yardstick
for evaluation of exogenously supplemented and endogenous
produced butyrate for their differential effects on host and its
offspring.

Key words. Gut microbiome,
endogenous, beta-glucans.

butyrate, exogenous,

Manuscript content.

The gut microbiome is gaining increasing attention as a factor
that controls intestinal homeostasis and plays a major role in
the pathogenesis of several diseases and disorders. Our focus is
on the influence of the gut microbiome on the central nervous
system (CNS), the gut-brain axis, which occurs via different
mechanisms, viz., through the vagus nerve, ii. modulation of
the immune system, and iii. the hypothalamic-pituitary-adrenal
(HPA) axis via tryptophan metabolism; and iv. synthesis of
neurotransmitters and production of metabolites, such as short-
chain fatty acids (SCFAs), which possess neuroactive properties.
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Among the SCFAs, acetate, propionate, and butyrate are the
main metabolites produced by the gut microbiota, especially
anaerobic bacteria, through the fermentation of dietary fibers
and starch [1]. In addition to anaerobic fermentation, SCFAs
can also be produced by amino acid metabolism. SCFAs are
absorbed by colonocytes, wherein butyrate is absorbed and
utilized within the colon, whereas propionate and acetate enter
hepatic circulation [2]. These SCFAs improve gut health through
several local effects, including the maintenance of intestinal
barrier integrity, mucus production, and protection against
inflammation. SCFAs binding to different cells in the body leads
to different kinds of functions; for example, binding of SCFAs
to their receptors on enteroendocrine cells leads to an increase in
insulin secretion. By promoting the acetylation of lysine residues
in the nucleosomal histones of various cell populations, SCFAs
exhibit systemic effects on different tissue-organ systems [1,3].
The microbiota responsible for the production of these SCFAs
are as follows: propionate—Bacteroidetes and Negativicutes
(Firmicutes phylum)—which use the succinate pathway,
and Lachnospiraceae that use the propanediol pathway to
produce propionate; for butyrate, the main butyrate-producing
bacteria belonging to the phylum Firmicutes, in particular
Faecalibacterium prausnitzii and Clostridium leptum of the
family Ruminococcaceae, Eubacterium rectale, and Roseburia
spp. of the family Lachnospiraceae, Eubacterium hallii, and
Anaerostipes spp. Other bacteria such as Actinobacteria,
Bacteroidetes, Fusobacteria, Proteobacteria, Spirochaetes,
and Thermotogae also have potential butyrate-producing
abilities [4]. Major producers such as Faecalibacterium
prausnitzii, Eubacterium rectale, and Eubacterium hallii use
butyryl CoA:acetate CoA transferase while few taxa such
as Coprococcus comes and Coprococcus eutactus use the
butyrate kinase route. These are commensal butyrate producers,
while some pathogens such as Fusobacterium utilize different
pathways such as glutamate (4-aminobutyrate) and lysine to
produce butyrate, which may also produce harmful byproducts
such as ammonia. Gut environmental factors that stimulate
butyrate production include lower PH, presence of iron and
oxygen concentrations. Iron deficiency leads to an increase in
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the abundance of Lactobacilli and Enterobacteriaceae, but a
significant decrease in butyrate producers such as Roseburia
species and Eubacterium rectale [5].

Among SCFAs, butyrates are the most studied because of their
beneficial properties [6-10]. Atthe intestinal level, butyrate exerts
a powerful pro-absorptive stimulus on intestinal NaCl transport
and an anti-secretory effect on Cl- secretion. In a study on the
effects of orally administered, nonabsorbed starch (precursor to
butyrate) on diarrhea in 48 patients with cholera, with standard
oral rehydration therapy showed that this combination reduced
the fecal fluid loss and shortened the duration of diarrhea, by
improving colonic absorption without altering the osmolality,
which in turn reduced the output of stools, thereby contributing
to the benefits [11]. Even in patients affected by Congenital
Chloride Diarrhea (CLD), butyrate by pro-absorptive effect
on Na+, Cl-, and K+ intestinal transport, was able to prevent
the severe dehydration episodes as well as helped to avoid the
long-term complications [6,12]. Butyrate has anticarcinogenic
properties by inhibiting proliferation, induction of apoptosis, or
differentiation of tumor cells. In normal intestinal cells, butyrate
stimulates the physiological pattern of proliferation while
reducing the number and size of aberrant crypt foci, which are
the earliest detectable neoplastic lesions in the colon. Butyrate
acts as an anti-inflammatory agent, primarily via the inhibition
of nuclear factor kB (NF-xB) activation in human colonic
epithelial cells. Butyrate helps reinforce the colonic defense
barrier by increasing the expression of MUC2 and inducing
mucin synthesis. Butyrate strengthens innate immunity via
LL-37 gene expression and increases histone acetylation and
mitogen-activated protein (MAP) kinase signaling. Butyrate
regulates intestinal epithelial permeability through the assembly
of tight junctions via AMP-activated protein kinase (AMPK).
Owing to its effects on intestinal motility, butyrate is used as
a nutritional approach to treat various gastrointestinal motility
disorders. Sodium phenylbutyrate 4 (4-PBA), approved by
the FDA, acts as an ammonia scavenger in patients with
urea cycle enzyme deficiency. Butyrate downregulates the
expression of nine key genes involved in intestinal cholesterol
biosynthesis and therefore helps regulate lipid levels. Dietary
supplementation with butyrate has been shown to prevent and
treat diet-induced obesity and insulin resistance. In ischemic
stroke, butyrate treatment has been shown to increase the
number of cells expressing polysialic acid-neural cell adhesion
molecule, nestin, glial fibrillary acidic protein, phospho-cAMP
response element-binding protein (CREB), and brain-derived
neurotrophic factor (BDNF) [6,13].

In the immune system, butyrate can induce Treg differentiation
and control inflammation [14]. Another major immune-related
function is the regulation of invariant NKT (iNKT) cells, which
play critical roles in various immune-related diseases, especially
autoimmune diseases, by producing large amounts of IFN-g-
and IL-4. Butyrate inhibits cytokine production by iNKT cells
by suppressing class I histone deacetylases (HDACs), which
have the potential to alleviate autoimmune diseases. Thus, the
inhibitory effects of butyrate on inflammation were orchestrated
by iNKT cells. It is important to note that iNKT cells promote
both anti-inflammatory and pro-inflammatory responses in
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autoimmune diseases [15]. In addition, iNKT regulates the
mobilization of other types of immunomodulatory cells,
including regulatory T cells. The dual action suggests that there
are at least two types of iNKT cell-activation by SCFAs both
favorable for health by production of anti-microbial peptides,
stimulation of IgA and IgG secretion, interleukin-13 (IL-13)
regulated mucus production and glycosylation and unfavorable
by stimulation of secretion of pro-inflammatory cytokines via
CDld-retrograte signaling leading to inflammation such as in
joints and as well as contributing to the development of auto-
immune diseases [13]. Depending on gut health, the correct
type of SCFAs based immune cell activation and therefore the
regulatory effects are generated by gut microbiota from food and
the environment by which either health is improved or diseases
develop. For example, in cancer cells due to the Warburg effect,
the metabolic shift to primarily aerobic glycolysis in these
cells lead to accumulation of butyrate and propionate leading
to decreased HDAC activity and altered histone acetylation.
However, if cancer cells are grown in low glucose concentrations,
butyrate or propionate are oxidized to acetyl-CoA by increase
in oxidative metabolism and histone acetylation is not affected.
Thus, the epigenetic effects of butyrate exposure are strongly
dependent on glucose metabolism [16]. Also, more research
is needed to correlate the effects of dyslipidemia whether
the SCFA’s effects on different types of iNKT activation is
dependent on increase in good cholesterols such as HDL or
increase in harmful cholesterols such as LDL [13-15].

Though the anti-inflammatory effects of butyrate are beneficial,
it can be detrimental as well [17]. For instance, in the case of
the intestinal epithelium which needs to maintain a low grade of
inflammation for it to defend itself against constant immunologic
challenges. Butyrate at low concentrations promotes intestinal
barrier function but may induce apoptosis and disrupt the at
high concentrations [17]. Also, colorectal tumourigenesis has
been linked to butyrate-induced senescence [17]. The effect of
butyrate on glycolipid metabolism is paradoxical. While many
studies suggest that butyrate alleviates high-fat diet induced
obesity and insulin resistance, it has been shown to produce
the opposite effects of inducing obesity by providing specific
substrates for lipid biosynthesis [18-21].

The butyrate comes from two sources, exogenous
supplementation, and endogenous generation by the action
of gut microbiota on dietary fibers. Exogenous butyrate
supplementation is being used, especially for the treatment of
gastrointestinal diseases, with several clinical trials showing
efficacy. Butyrate-producing microbes have been identified as
potential next-generation probiotics. e.g., Clostridium butyricum
strains and Clostridium cluster IV/XIVa [22]. Butyrate whether
endogenous or exogenous exerts its paradoxical beneficial and
detrimental actions which is regulated in a complex manner and
further studies are needed to identify what is the dose or the
parameters that influence the action. Perhaps the detrimental
effects could be due to the exogeneous butyrate not being able
to correct the gut dysbiosis or the intestinal environment. In
the case of exogeneous butyrate supplements and probiotics
non-standardization [22] of the optimal therapeutic dose
required, whether the effect is long-lasting to treat the disease or
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condition, extremely poor palatability of the products available
on the market, including the unpleasant taste and odor [6] and
unwanted effects of the additional biogenetic material including
toxins have been postulated as the potential hurdles. Even
maternal dietary supplementation with butyrate has been shown
to induce insulin resistance and impaired glucose tolerance in
the offspring [23]. Therefore, a safer source of butyrate which
exerts the right function for optimizing health is needed.

In our studies of the gut microbiome, we reported the effects
of two strains of Aureobasidium pullulans, AFO-202 and N-163
strain produced biological response modifier beta-glucans
(BRMGs) manufactured in a GMP facility and available as a
food supplement for several decades with safety and efficacy
proven in several clinical studies [24-33], on the regulation
of gut dysbiosis, enhancement of butyrate producers, and
metabolites, including endogenous butyrate production and
amino acids. The glycosidic linkage ratios lead to significant
structural differences in -glucans and these ratios are dependent
on both the source and method of isolation [34]. The AFO-202
and N-163 strains of A.pullulans produced beta-glucans are
manufactured using "screening and fermentation method". The
beta-glucans are secreted as an exopolysaccharide. There is no
need for cumbersome extraction compared to other beta-glucans
which must be extracted from their respective source such as
cell wall and then further purified. Therefore, the AFO-202 and
N-163 strains of A.pullulans produced beta-glucans have higher
purity and water-solubility which contributes to their higher
biological functionality [35].

In a study conducted using AFO-202 B-glucan in children
with autism spectrum disorders (ASD), there was an increase
in beneficial bacteria, especially butyrate producers such as
Faecalibacterium prausnitzii and Roseburia [24]. In another
study conducted in the Stellic Animal model (STAM) of non-
alcoholic steatohepatosis (NASH), there was an increase in the
abundance of butyrate producers such as Firmicutes, an increase
in the abundance of precursors of butyrate, and an increase in
amino acids such as tryptophan, which exert a positive influence
on the CNS after the administration of the combination of AFO-
202 and N-163 beta-glucans [25]. These A. pullulans food
supplements AFO-202 and N-163 are thus more useful for
clinical use, as they are easily consumable and do not alter the
taste or flavor of any food substance; they are added with and
have been consumed by the pediatric population [26, 28]. The
beta-glucans produced by the two strains AFO-202 and N-163
vary in their structure and their effects also differ. Standalone,
AFO-202 strain produced beta-glucan are immune-enhancers
apart from producing more metabolic regulation effects [31].
The N-163 strain produced beta-glucan is a broad spectrum
immunomodulator. Their combination complements each other
by metabolic and immune regulation leading to cumulative
benefits, as proven in pre-clinical studies of NASH and clinical
studies in COVID-19 [29-31]. The metabolic regulation of
glucose and lipids [29,31] by these B-glucans, along with a
decrease in inflammatory cytokines such as IL-6, D-dimer, and
C-reactive protein (CRP) in COVID-19 patients [29,30], apart
from the decrease in inflammatory factors and liver fibrosis in
NASH models [31], can now be attributed partly to the effects
of endogenous butyrate, which is enhanced by the consumption
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of these [-glucans. These A.pullulans BRMG produced
endogenous butyrate seems to have produced only beneficial
actions evident from the improvement of clinical parameters
such as behaviour, sleep, alpha-synuclein and melatonin
in the study on children with autism [32,33], which to our
knowledge has not been so clearly outlined by other butyrate
supplements. Therefore, these BRMGs which are produced in a
GMP facility [35,36], whose active ingredient quantity can be
standardized in a drug like manner and whose effects span the
entire system’s health as well correction of gut dysbiosis can
actually be considered as a scale of assessment for comparison
of the activities of other exogenous butyrate supplements and
also the endogenous butyrate by evaluating the characteristics
of the butyrate produced by the gut microbiomes in a controlled
in vitro environment. Such validation will throw more light
on the approaches to enhance the right kind of butyrate for
exerting its beneficial actions alone. A similar paradoxical yet
highly significant glycoprotein is the Fetuin-A (FetA) secreted
by liver and adipose tissue [37], which has been shown to
have inconsistent effects in obesity and metabolic syndrome
[38]. There have been studies that have explored the complex
relationship between gut microbiota, butyrate, and FetA [39]
but results have not been able to provide clarity. Assessment
of the parameters such as Fet A and butyrate modulation by
gut microbiota deserves further exploration in the context of
BRMGs.

The intestine-gut-human health maintenance by these BRMGs
can be compared to a plant in the soil whose health and the
environment relies upon the correct delivery of nutrients,
management of proper metabolism, removal of weeds,
and maintenance of the soil crust integrity. This situation
is analogous to the metabolic regulation by AFO-202 and
immune-regulation by N-163 beta-glucan, the combination
of both through endogenous butyrate maintains the intestinal
health and the integrity of its environment (Figure 1).

A recent study on the association between the gut microbiome
and longevity between subjects in urban and rural areas has
shown that the main difference between subjects with increased
longevity and those with lesser longevity was the increased
abundance of butyrate-producing microbiota in individuals
with increased longevity who also had lesser inflammation [39].
Long-term chronic microinflammation, cancer and longevity
are influenced by this key metabolite, butyrate. Its endogenous
production and further studies on this novel approach of
using AFO-202 and N-163 strain produced beta-glucan food
supplements to increase endogenous butyrate production in a
safe manner are worth being considered for long-term clinical
studies in different populations for validation and potential
application as a routine food supplement across age groups.

Conclusion.

Therefore, it looks like papaverine after additional research can be
added to the list of pharmaceuticals that prevent sugar absorption in
intestine for blood sugar control and/or weight loss.

Dietary herbal supplement with papaverine (D-28) has proven
to be quite effective in reducing body weight in dogs. For a
month, dogs with initial overweight lost on average more than 1
kg (10+%), that is a very good result for their size.
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Figure 1. An illustration explaining the analogy of a plant supported by the fertile soil insisting its similarity to the significance of intestinal
epithelial cell (IEC) integrity to maintain a homeostasis of gut microbiome, enable them produce butyrate, an important metabolite to healthy
long life and prevention of many illnesses. The source of the butyrate may be exogeneous or endogenous with varying actions, some beneficial
while others detrimental. The Aureobasidium pullulans strain AFO-202 produced beta glucan produced beneficial effects only by playing the role
of a metabolic regulator managing the delivery of optimal nutrients through blood circulation and digested food in the intestine and the immune
modulating N-163 strain produced beta glucan manages the immune system thereby keeping the environment of intestinal epithelial cells, free from
pathogens. These two beta glucans act as Pathogen Associated Molecular patterns (PAMPs) stimulating the pathogen recognition receptors (PRR)
for immune surveillance maintaining overall intestinal health, especially that of the IECs.
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