YK 618.16:[616.973:579.84]
https://doi.org: 10.20538/1682-0363-2020-2-132-141

Biogenic polyamines and genital gonococcal infection: facts and hypotheses
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ABSTRACT

Genital gonorrhea is one of the most common sexually transmitted diseases with significant gender differences in
its clinical course. Laboratory verification of the diagnosis is associated with great difficulties in the cultivation
and identification of the pathogen. Moreover, the diagnosis of female gonorrhea is a serious problem due to mild
symptoms of the disease. Currently, a promising trend in the diagnosis of inflammatory diseases of reproductive
organs is biochemical analysis of vaginal and sperm fluids, which have a rich component composition. Biogenic
polyamines can be synthesized by both pro- and eukaryotic cells. These polycations are present in semen and
vaginal fluid and can have a significant effect on various cell structures and functions. In this regard, the qualitative
and quantitative composition, the level and ratio of these components and their changes can have a diagnostic value
for infections of the genital tract.

The aim of the review was to analyze current information on the role of biogenic polyamines in the physiological
and biochemical potential of Neisseria gonorrhoeae and their participation in the development of genital gonococcal
infection, taking into account the influence of sexual differences and a number of related factors. Special attention
was paid to the origin and possible functional role of polyamines in the genital tract of men and women. As a
result, taking into account the spectrum, origin and ratio of polyamines in the corresponding fluids, we formulated
a hypothesis: the manifestation of the process in case of infection in men is largely determined by the reactivity of
eukaryotic cells, but not the metabolic activity of the microbiota of the reproductive tract. At the same time, the
development of “female” gonorrhea is primarily determined by the state of the microbiocenosis of the cervical
vaginal biotope.
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PE3IOME

I'ennTanbHass TOHOpesl SABISAETCA OJHMM M3 Hanbolee PacpOCTPAHEHHBIX BEHEPHUYECKHX 3a00neBaHU M
XapaKTePH3yeTCsl CYIIECTBEHHBIMM TEHJICPHBIMH PAa3IHYMAMH B €ro KIMHMYECKoM TeueHHH. JlaGopaTopHoe
MOATBEP)KACHUE ANMArHO3a COMPSHKEHO C OONBIIMMH CIOXXKHOCTAMH KyJIbTHBHPOBAaHUS M HACHTH(DHUKAIMN
BO30YyANTEN, & TMAaTHOCTUKA «KEHCKOD» TOHOPEH MPEe/ICTaBIsIET CEPhEe3HYIO MPOOIEMy €IIle U B CBA3U CO CTEPTOH
CHMOTOMAaTHKON wnH(pEKIroHHOTo Tporecca. Ha coBpeMeHHOM 3Tame MEpCHEeKTHBHBIM HAMpaBICHUEM JUIs
JIMarHOCTHUKHU BOCTIATUTENBHBIX 3a00JI€BaHNUI PETTPOTYKTHBHBIX OPTAaHOB MPH3HAETCS N3ydeHHe OMOXUMUIECKOTO
COCTaBa BIIATANUIIHON U CHEPMAIBHOM JKUAKOCTEH, MMEIOINX OOTraTeHIii KOMIIOHEHTHBIH cocTaB. buoreHHsie
MONTMAMHUHBL, KOTOPBIE MOTYT CHHTE3MPOBATHCS KaK MPO-, TAK U 9yKaPUOTHIECKUMH KIETKAaMU M B 3HAUUTETBHBIX
KOIMYECTBaX OOHAPYKUBAThCS B OITUX CEKpPeTax, SBISIIOTCS HU3KOMONIEKYTSAPHBIMH — COEAWHEHHAMH,
OKa3bIBAIOIIUMH Pa3HO00pa3HbIe 3P (eKTh Ha )KU3HEHHO BaYKHBIE CTPYKTYPBI U PYHKIIMU KJIETOK 000MX TUIOB. B
9TOM CBSI3M KaUEeCTBEHHBIH W KOJIMYECTBEHHBIN COCTaB, yPOBEHb H COOTHOIIEHUE STHX KOMIIOHEHTOB B CEKPETax,
C y4YeTOM H3MEHEHHs COOTBETCTBYIONIMX ITOKa3aTelel B JMHAMUKE, MOTYT MMETh JHATHOCTHUECKHI CMBICI
TpH MH(EKIMOHHON MaTOIOTUH TeHUTAIBHOTO TpakTa. Llempio 0630pa sSBUIOCHE PaCCMOTPEHHE HAKOIIEHHON K
HACTOSIIIIEMY BpeMEHH HH(POPMAIIH O BO3MOKHOU POJIM OMOT€HHBIX MOJIHAMHHOB B (PU3HOIOT0-OMOXUMHYECKOM
notennumane Neisseria gonorrhoeae v UX y4acTHH B Pa3BUTHH T'€HUTATbHOW TOHOKOKKOBOW MH(MEKIIMHU C yUETOM
BJIMSTHUS TIOJIOBBIX PA3IMYMI U Psifa COMyTCTBYIOMMUX (GakTopoB. Ocoboe BHUMAHHE YAEICHO MPOUCX0KICHHIO
Y BO3MOXKHOH (DyHKITHOHAIBHOM POJTH MOJIMAMUHOB B TEHUTAIBHOM TPaKTe My>KUMH M KeHIIUH. B pesynbrare, ¢
YUETOM CTEKTpa, MPOUCXOXKCHHUS U COOTHOIICHHUS TTOJHMAMHUHOB, TOMHHUPYIOIINX B COCTaBE COOTBETCTBYIOLIUX
CEeKpeToB, c(hOPMyIHPOBAaHA THIOTE3a O TOM, YTO MaHM(ECTAIH MPOIecca B caydae HHOUINPOBAHNS MYyKIHH B
GoubIiIeli cTeneHn 00yCIoBIeHA PEaKTHBHOCTBIO SYKapHOTHUECKUX KIIETOK, HO HE METa00INIECKOH aKTHBHOCTBIO
MHKPOOHOTHI UX PEMPOAYKTUBHOTO TPaKTa. B TO Bpems Kak pa3BUTHE (GKEHCKOI» TOHOPEH B MEPBYIO Odepenb
OTIpe/IeNseT COCTOSTHIE MUKPOOHOIIEHO32 IIePBUKAIbHO-BATHHAIBHOTO OHOTOMA.

KaroueBble cj10Ba: TeHUTaJIbHAsT TOHOKOKKOBAs I/IHCbeKIII/I}I, Neisseria gonorrhoeae, OHOTEHHEIE IIOJIMaMHHBI,
MI/IKpO6I/IOTa, GI/IOHJICHKI/I, aHTI/I6I/IOTI/IKOPCSI/ICTBHTHOCTB.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIAPUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBsA3aHHBIX C IIPOBCACHHBIM MCCIICA0OBAHUEM U ny6n1/11<au1/1eﬁ HaCTOHLHCﬁ CTaTbHU.

Hcrounnk ¢punancupoBanmsi. PaGora BeimonHeHa mpu GuHaHCOBOI momgepskke POOU m AnmuHucTpanuu
Ilepmckoro kpast B paMkax Hay4HOro npoekra 17-44-590404 p_a.

Jia nuruposanus: Kapnynuna T.U., Hecreposa JI.IO. buorennsle noiauaMuHbl Ipy FeHUTAIBHON TOHOKOKKO-
BOI MH(EKIMU: (aKThl U THIIOTE3bl. biotemens cubupcrou meouyunvt. 2020; 19 (2): 132-141. https://doi.org:
10.20538/1682-0363-2020-2-132-141.

INTRODUCTION

Gonococcal infection (GI) and its most common
form, acute genital gonorrhea, is an infectious disease
transmitted primarily by sexual contact and caused by
Neisseria gonorrhoeae [1, 2]. Laboratory verification of
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the diagnosis is associated with difficulties in the culti-
vation and identification of the pathogen. Moreover, the
diagnosis of “female” gonorrhea is a serious problem
due to mild symptoms of the infectious process. Many
researchers note that the promising trend in the diagno-
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sis of inflammatory diseases of reproductive organs is
the study of seminal and vaginal fluids [3—6], since they
have a complicated biochemical composition compara-
ble to blood. Even if we take into account only proteins
with a molecular mass of 10—-100 kDa, more than 200
of them were known in the sperm plasma of healthy fer-
tile men in 1981 [7]. However, this huge diagnostic po-
tential is used only to a small extent due to the lack of
data on the physiological role of various components of
these fluids in inflammation of the reproductive organs
[4, 8-10]. Recently, a growing interest has appeared in
biogenic polyamines (BPA) and their level, since these
compounds are present in all pro- and eukaryotic cells
and perform various functions, including protective
ones. The content and balance of BPA change dynami-
cally, which may be useful for diagnosis. The informa-
tion about the involvement of BPA in the persistence of
N. gonorrhoeae and development of genital GI is pre-
sented in a few studies and is often contradictory.

The aim of this article was to review the current infor-
mation on the role of BPA in the physiological and bio-
chemical potential of N. gonorrhoeae and their possible
participation in the development of genital gonococcal
infection, including the influence of gender differences
and a number of related factors.

CHEMICAL STRUCTURE, SYNTHESIS AND
TRANSPORT OF BPA

Biogenic polyamines are aliphatic hydrocarbons pos-
sessing two or more amino or imino groups and differing
in the length of the carbon chain. The most widespread
polyamines in living organisms are diamines: putrescine,
cadaverine; triamines: spermidine, norspermidine; and
tetraamines: agmatine and spermine [11].

Eukaryotic cells contain mainly spermidine and sper-
mine, whereas putrescine is found in trace amounts.
These polyamines are widely represented in various or-
gans, tissues, and biological fluids of the human body
both as free forms and as complexes with proteins and
nucleic acids. The highest concentrations (millimoles) of
spermidine and spermine are found in the sperm plasma
of men [12], while in the vaginal discharge of women
polyamines are detected in micromolar amounts [13].
On the contrary, the concentrations of putrescine and ca-
daverine in prokaryotic cells is the highest, spermidine
is present in small amounts and spermine is practically
not detected [11, 14, 15]. Some bacteria are capable of
producing diaminopropane, homospermidine or norsper-
midine [11, 16]. The spectrum and quantity of BPA are
significantly different in various species of microorgan-
isms. Based on this fact, some authors have attempted
to use polyamines as chemotaxonomic markers [16—18].
However, this approach does not seem to be promising,

since the polyamine pool in the microbial cells depends
on the age of the culture and growth conditions, such as
composition and pH of the medium, temperature, aera-
tion, etc. [19-21].

The intracellular content of polyamines is determined
by several parameters: biosynthesis level, activity of
degradation, as well as the intensity of the exchange of
these components between the cell and the environment.
Genes involved in the polyamine biosynthesis are found
in genomes of many microorganisms; however, the ac-
tive de novo synthesis of these compounds is mostly typ-
ical of gram-negative bacteria [22—24]. Putrescine can be
synthesized in several ways: directly from ornithine by
ornithine decarboxylase or from arginine by arginine de-
carboxylase with the formation of agmatine, or via N-car-
bamoyl putrescine [25, 26]. Spermidine is synthesized
on the basis of putrescine and S-adenosylmethionine us-
ing the enzymes S-adenosylmethionine decarboxylase,
aminopropyl transferase and spermidine synthetase [27,
28], or from putrescine and aspartate semialdehyde with
involvement of carboxyspermidine decarboxylase and
carboxyspermidine carboxylase [29-31]. Cadaverine
synthesis in bacteria is realized by direct decarboxylation
of lysine with lysine decarboxylase [32]. Among all the
known polyamine synthesis enzymes, only arginine de-
carboxylase, that catalyzes the synthesis of agmatine
(precursor of putrescine) from arginine, was detected in
N. gonorrhoeae [33]. There are no data on the activity of
this enzyme in N. gonorrhoeae in the available literature,
which is probably determined by the difficulties in cul-
tivating this microorganism under laboratory conditions
and obtaining a sufficient amount of biomass.

The absence of other polyamine synthesis enzymes
in gonococci can be partly explained by their specif-
ic habitats. In the urogenital tract of men, polyamines
are present in large amount [12, 34], and bacteria can
receive these compounds via transport. Many gram-neg-
ative bacteria are capable of transporting polyamines
from the environment. For example, four BPA transport
systems are found in Escherichia coli cells. Two of them
(spermidine-preferential system PotDABC and putres-
cine-specific system PotFGHI) are ABC (ATP binding
cassette) transporters [35]. Each of them consists of a
periplasmic substrate-binding protein (PotD and PotF),
two channel-forming transmembrane proteins (PotBC
and PotHI) and membrane-associated ATPase (PotA and
PotG) [36, 37]. The third transport system (PotE) cata-
lyzes the uptake and excretion of putrescine [38]. Cadav-
erine is transported via the lysine-cadaverine antiporter
CadB [39]. In contrast to enterobacteria, the transport of
polyamines in gonococci is not sufficiently studied. The
PotFGHI transport system was found in N. gonorrhoeae.
It is similar to E. coli transport system and selectively
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transports spermine and spermidine, but not putrescine
and cadaverine into the cell from the medium [40]. There
is evidence that the agmatine/arginine antiport is encod-
ed in the gonococcal genome. This system provides the
uptake of agmatine in exchange for arginine, which is
important for survival of N. gonorrhoeae in the acidic
environment [33].

PARTICIPATION OF POLYAMINES
IN PHYSIOLOGICAL PROCESSES

The fact that intracellular pool of BPA in many mi-
croorganisms reaches quite high (millimolar) concentra-
tions even with growth on minimal media indicates the
importance of these compounds for the cell physiology.
Participation of polyamines in various cell processes is a
consequence of their chemical structure. Under physio-
logical conditions, amino groups in polyamine molecules
are protonated and, thus, positively charged. Thereby,
BPA are able to interact with negatively charged cell
components, such as DNA, RNA, proteins [41, 42],
membrane phospholipids, and cell wall structures [43].
Polyamines can modulate conformation and maintain
structural and functional stability of the cell components,
also indirectly through transport processes. It is shown
that the concentration of BPA in the cell envelope chang-
es in response to external influences that affect the porin
activity and thus regulate the permeability of the outer
membrane [44—46]. BPA are known to be involved in
regulating nucleic acid synthesis, in particular, the repli-
cation process [27], as well as in maintaining the confor-
mation of DNA and RNA [47, 48]. Of great importance
is their ability to affect gene expression at the stages of
transcription and translation [37, 49]. A group of genes
which expression is regulated by polyamines at a transla-
tion level is called a “polyamine modulon” [50]. There is
evidence that polyamines can affect the phosphorylation
of specific proteins as well as modulate their degradation
[49, 51].

The fact that polyamines are necessary for growth of
Neisseria was first mentioned in 1952 [52]. It was later
shown that polyamines along with other cations stabi-
lized N. gonorrhoeae cells, preventing lysis. The same
authors suggested the participation of BPA in the cell
division process [53].

PARTICIPATION OF BPA IN ADHESION,
BIOFILM FORMATION AND AGGREGATION
OF BACTERIA

A lot of studies in recent years have indicated that
BPA can be involved in the regulation of microbial
adhesion, biofilm formation and aggregation [29, 54].
There is growing evidence that polyamines are able to

influence biofilm formation by various commensal and
pathogenic bacteria, including E. coli, Bacillus subtilis,
Staphylococcus aureus, Yersinia pestis, Enterococcus
faecalis, Vibrio cholerae, etc. [42, 55-57]. It is shown
that not only polyamines of a host organism can regu-
late this process, but also the bacterial BPA. In particu-
lar, norspermidine, synthesized exclusively by bacteria,
can inhibit the biofilm formation. However, the effect of
BPA depends on the type of bacteria. For example, nor-
spermidine effectively blocks the formation of a biofilm
of B. subtilis and other bacterial species in laboratory
conditions, and can cause its dispersion due to disruption
of the matrix structure [58], but does not inhibit the for-
mation of gonococcal biofilms and does not cause their
dispersion [60].

N. gonorrhoeae cells in sperm, containing high con-
centrations of polyamines, must be adapted to such a
medium. It is experimentally shown that seminal plasma
and spermine inhibit adhesion of gonococci, but pro-
mote the aggregation of bacteria and formation of mi-
crocolonies [59]. A number of researchers indicate that
spermine promotes the biofilm formation [60, 61]. These
seemingly contradictory effects may be significant for
successful colonization of biotopes and distribution of
N. gonorrhoeae. Disruption of the contact of fixed cells
with the surface can be important in the transmission
of infection, in particular, when bacteria colonizing the
male urethra leave it under the influence of sperm, pro-
viding their transition to the sexual partner [59].

However, it is possible that such results are deter-
mined by the specific methodological approaches to
study the effect of seminal plasma. Biofilm formation is
usually studied in a static system on a polystyrene sur-
face by the method proposed at the end of the last centu-
ry [62], while the adhesion of N. gonorrhoeae is studied
using glasses or glass flow chambers [61]. On the other
hand, it was shown that the specific twitching of N. gon-
orrhoeae, which is facilitated in the presence of seminal
fluid, depends on the fluctuation of PilT pili. Despite the
fact that pili are necessary for adhesion, the interruption
of this process in the presence of spermine was not de-
pendent on the presence of pili. Aggregation of gonococ-
ci in seminal plasma was also stimulated independently
of these surface structures, which was demonstrated us-
ing mutants without pili [61]. It is assumed that BPA can
greatly affect the ability of gonococci to form biofilms
not only in the male, but also in the female urogenital
tract due to a significant increase in spermidine and sper-
mine concentrations after copulation with up to 15 mM
spermine. [63].

It is believed that polyamines contribute to the tran-
sition of bacteria to the biofilm formation due to their
toxic effects. This opinion is supported by the fact that
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spermine has the highest effect on this process among
the four biogenic polyamines (putrescine, cadaverine,
spermidine and spermine); at the same time it is the most
toxic in high concentrations, especially in relation to
gram-positive microorganisms [64, 65] . Meanwhile, it
was experimentally shown that polyamines did not affect
the viability of planktonic gonococci in physiological
concentrations. The mutants with a damaged spermine
and spermidine transport system (potHI) demonstrated
that the transport of polyamines did not affect the biofilm
formation. The authors of this study believe that, most
likely, the key point is the effect of BPA on surface struc-
tures and bacterial aggregation of N. gonorrhoeae [40].

A study of the three-dimensional structure of N. gon-
orrhoeae biofilms showed that atypical films formed in
the presence of spermine. They contained fewer cells
and had a more condensed matrix, in which the channels
providing the influx of nutrients and oxygen as well as
excretion of metabolic products of bacteria were hardly
visualized [40, 66]. Such biofilms, on the one hand, may
be less viable; however, on the other hand, slow metab-
olism due to deficiency of nutrients can contribute to
the development of persistent forms. At the same time,
a study of the polyamine influence on mature biofilms
showed that none of these compounds had an effect on
their dispersion [60]. It should be noted that laboratory
methods for assessing the ability of microorganisms to
form biofilms, especially in the case of hardly cultivated
bacteria, often do not take into account various aspects
of the influence of environmental conditions that exist
in vivo (pH, the presence of various substances in the
medium, etc.). It can also be the cause of contradictory
research results.

PROTECTIVE ROLE OF BPA IN THE GENITAL
SECRETIONS

It is known that bacteria are able to synthesize BPA
constitutively under normal conditions; however, many
microorganisms activate the polyamine synthesis in re-
sponse to environmental influences [21, 67, 68]. These
studies were published at the end of the past century and
focused on the fact that BPA perform protective func-
tions. Polyamines are involved in adaptation to various
types of starvation, heat and osmotic shock, oxidative
stress, pH-shifts, and other stresses [20, 69, 70]. One of
the most common types of negative effects for N. gon-
orrhoeae is an acidic environment. Lactic acid in the
vaginal fluids of women protects against pathogenic
microorganisms [71, 72]. The role of polyamines in the
adaptation of N. gonorrhoeae to low pH values was first
demonstrated as far back as 1976 [73]. Recent studies
have shown that putrescine and cadaverine increased
the survival of gonococci in the presence of lactic acid,

stabilizing the cell wall and membrane [33]. These di-
amines are mainly produced by microorganisms and are
actively formed in females with vaginosis [74]. Under
these conditions, the chance of developing GI can in-
crease greatly.

However, not only polyamines, but also their precur-
sors are able to protect bacteria from the effect of acid.
It was experimentally shown that arginine, glutamate,
and lysine increase the resistance of E. coli and other
bacteria to the lethal effect of low pH [75]. Only argi-
nine and agmatine, but not glutamate or lysine, increase
the acid resistance of gonococci [33]. The difference in
the effects of amino acids may be explained by the fact
that only one polyamine synthesis enzyme — arginine de-
carboxylase — is present in N. gonorrhoeae cells, which
activity with the formation of agmatine is accompanied
by a decrease in the medium acidity. Agmatine-arginine
antiport promotes the exit of agmatine into the medium
in exchange for arginine, providing resistance to the ac-
tion of acid [71]. An increase in acid resistance under the
arginine action is of practical importance, since a large
amount of this amino acid is contained in seminal fluid
(7.3 £1.5 mM) [76]. It is believed that after sexual inter-
course, when genital secretions are mixed, the concen-
tration of seminal arginine decreases slightly, depending
on the volumes of ejaculate [77] and vaginal discharge
[78]. Thus, it is possible that the amount of arginine in
the seminal fluid is sufficient to provide the survival of
gonococci and the colonization of the female vaginal—
cervical biotope [79].

It is generally acknowledged that the composition of
the vaginal microbiota is extremely diverse and can vary
from a moderate microbial spectrum, characterized by
predominance of a small number of lactobacillus spe-
cies, to complex anaerobic communities that cause the
development of bacterial vaginosis (BV) [80-83]. BV
can have many negative effects on reproductive health,
including an increased risk of sexually transmitted in-
fections [84-86], HIV [87, 88], premature delivery [89],
pelvic inflammation [90], and cervicitis [91]. With bac-
terial vaginosis, the content of putrescine and cadaverine
in the vaginal secretions significantly increases, while
the concentration of their precursors, amino acids, espe-
cially arginine and ornithine, decreases. Putrescine and
cadaverine in this biotope are produced mainly by bac-
teria [74, 92, 93], as evidenced by the inhibition of their
accumulation in the presence of metronidazole [94],
which has a bactericidal effect.

It is interesting to note that various inflammatory
diseases of male genital tract are accompanied by a de-
crease in the polyamine concentration in the ejaculate
and a significant change in their ratio [95]. It is worth
noting that even with pronounced bacteriospermia, the
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content of “bacterial” polyamines does not reach the val-
ues comparable to those in the vaginal fluid. Probably,
the reason for this is the effect of acidity on the metabo-
lism of polyamines, since the inducible BPA synthesiz-
ing enzymes have low optimal pH values [19], which
are typical of the vagina. Polyamines in this case can be
by-products that are formed due to bacterial protection
against acid stress [96, 97]. On the other hand, it was
shown that volatility of short chain polyamines increases
with rising pH [98, 99]. It can also be the cause of low
detectable concentrations of free putrescine and cadaver-
ine in sperm plasma.

ALTERATION IN THE ANTIBIOTIC
SUSCEPTIBILITY OF BACTERIA IN THE
PRESENCE OF BPA

There is evidence that polyamines contribute to the
survival of microorganisms under antibiotic treatment.
This is mainly shown on gram-negative bacteria, such as
E. coli, Salmonella enterica, Pseudomonas aeruginosa,
and others [69, 70, 100]. A decrease in their susceptibil-
ity to various groups of antibacterial agents (beta-lact-
ams, aminoglycosides, fluoroquinolones) in the presence
of BPA has been experimentally proven [69, 70, 101].
Since the fluids of the urogenital tract, especially in men,
are rich in polyamines (spermine and spermidine), it is
believed that these compounds could protect gonococci
from antimicrobial agents. In the available literature, we
did not find such data. Polyamines are shown to protect
gonococci against cationic antimicrobial peptides (poly-
myxin B and LL-37), but there is no protective effect
under ciprofloxacin, spectinomycin, and penicillin treat-
ment [102]. The absence of the effect of polyamines on
the N. gonorrhoeae susceptibility to antibiotics looks
rather unexpected, since their protective action is asso-
ciated with such universal mechanisms as deactivation
of ROS, which are forming in the cells under antibiotic
effect [70], reduction of antimicrobial transport due to
a decrease of the porin channel permeability [45] and
other mechanisms. No doubt, this issue requires further
studying.

CONCLUSION

It is well known that genital GI proceeds differently in
men and women. The “male” gonorrhea is characterized
by manifested symptoms and pus-like discharge. On the
contrary, in women, the disease, as a rule, is not accom-
panied by typical symptoms, and they often learn about
GI after infecting their sexual partner. In this respect,
the differences in the spectrum and content of BPA in
the ejaculate and vaginal discharge seem to be interest-
ing. It is supposed that the manifestation of the process

in the first case is largely determined by the reactivity
of eukaryotic cells, and not by the metabolic activity of
the microbiota of the male reproductive system. At the
same time, the course of “female” gonorrhea is primarily
determined by the state of the microbiota of the cervical—
vaginal biotope, which is indirectly marked by the origin
of the dominating polyamines. We believe that the diag-
nostic, prognostic and differentiating value of the content
and spectrum of BPA in the reproductive tract of men
and women with genital gonococcal infection and other
sexually transmitted infections requires clarification.
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