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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 α-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, butyrate, exogenous, 
endogenous, beta-glucans.
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. 

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]. At the 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 κB (NF-κB) 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 

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 
CD1d‐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 β-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 β-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 β-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 

of these β-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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