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Abstract. Acute kidney injury (AKD) is a complication of initial disease whose impact is gigantic and is
predominantly lethal. Recuperation depends on not allowing additional harm, prompt diagnosis of the
disease and evaluation of its severity. In this article, the prognostic role of urine exosomal microRNAS in
AKl severity prediction in critically ill patients is examined. These are people for whom early diagnosis of AKI
becomes necessary. AKI patients with exosome-rich urine were discussed and the microRNAs that make
up certain were quantified and described. These microRNAs were selected based on possible causations
of renal damage and involvement in renal function. The findings indicate a sfrong correlation between
certain microRNAs and AKl severity. This shows the predictive potential of those molecules forrenal damage
and dysfunction. The presence of exosomal microRNAS in urine can predict AKl in a non-invasive manner,
thus providing a rightful alternative to fraditional methods that are more invasive and complicated. The
implications of this study suggest that the use of microRNAs in practice can lead to an accurate diagnosis.
Furthermore, biomarkers can enhance patient-centered care by tailoring the severity of freatment to the
degree of renal failure. Since it is a non-surgical method, it can minimize the number of repeat invasive
freatments the patient must undergo, which enhances comfort while also reducing healthcare costs.
Further research is necessary to investigate the role of exosomal microRNAs in the context of AKI and fo
determine the long-term therapeutic benefits, beyond the current preliminary data, in larger, more diverse
populations to confirm the results presented here.

Keywords: urinary exosomal microRNAs; acute kidney injury severity; kidney injury; biomarkers; critical
care; molecular mechanism

Intfroduction

Acute kidney injury (AKI) impacts patients in a
critical state, accompanying a high risk of morbidity and
mortality. Attendant factors to the condition include sepsis,
trauma, exposure to certain medications, and very critical
situations [1]. To improve management results, the most
crucial limitation in framing management policies is the
early recognition and accurate forecasting of the severity
of kidney injury [12]. Boundaries of chronic management,
as per conventional frameworks, classify kidney injury and
subsequent changes to blood creatinine level as the very
last stage of the process, which is retrogressive, and there
is no need to elaborate on how critical the management of
kidney injury should be at this stage [2, 3]. This lacuna is
the reason for a frantic search for less conservative points
in the course of these illnesses to identify areas of concern.
In the case of AKI, as is the case for other diseases, there

is inevitably a psychological burden, which, along with the
trauma of having to go through diagnostics that are neither
comfortable nor well tolerated, adds to the total sum of
factors for the condition [4]. Indeed, some patients suffer
a lack of true anxiety and the burden of strangeness, who
are similarly concerned with a specific bodily injury that
is inflicted under the auspices of the primary diagnostic
evaluations. This amplifies the need for a reliable diagnosis
that causes minimal patient suffering, which will provide
insight into the patient’s condition with relative ease [5].
Some tiny balloon-like structures called exosomes
have recently been discovered to offer a non-invasive way
of identifying AKI [21]. These exosomes are microscopic
vesicles released by cells and flushed out in the urine. It
was discovered that exosomes include microRNAs [11].
The microRNAs regulate the kidneys’ biological functions
that are taking place at the time of injury [22]. Several
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microRNAs, including miR-155, miR-29, and miR-21,
were found to be important in AKI because they are
associated with the severity of injury to the kidney [7]. The
microRNAs play a key role in inflammation, fibrosis, and
apoptosis. These functions are central to the formation of
AKI. Quantification of microRNAs in urinary exosomes
enables real-time assessment of kidney injury, and this
represents an improvement on conventional AKI biomarkers
[10, 24]. Urinary microRNAs could enable the diagnosis of
AKI at a more advanced level, which would lead to more
specific and quicker measures, which would obviate the
necessity of invasive, physically and emotionally stressful
procedures like kidney biopsies [9, 25].

Apart from applying urine exosome microRNAs in the
research of AKI, it will also be used to predict the individu-
alized risk for CKD in the future. There are different mi-
croRNAs, such as miR-192 and miR-194, implicated with
the fibrotic reaction to renal damage during the transition
of chronic kidney disease from an acute etiology [8, 18].
The detection of such microRNAs at the initial stages of
their development enables doctors to implement preventive
measures to counter impending problems, thereby impro-
ving the quality of care administered. MicroRNAs such as
miR-146 and miR-155, for example, play a significant role
in deciding AKI recovery and engaging in kidney tissue re-
pair and regeneration [13]. These explanations can include
practical suggestions and restrict progressive kidney injury
to prevent the intensive and psychologically burdensome
treatment that the patients have to undergo [14, 23]. Those
CKD patients who are diagnosed as high risk can be pro-
vided with targeted intervention at an early stage to reduce
their physical and psychological burden [6, 20].

Cellular components of urine, such as microRNAs in
exosomes, are promising therapeutic options, but much
work remains to be done [16]. MicroRNA analysis, exo-
somes, and microRNA fractions should be standardized
and clinically validated to provide reproducible and reli-
able microRNA analyses in a clinical environment [17].
Furthermore, while some microRNAs have been described
as potential AKI biomarkers, their functional and clinical
relevance in various populations is yet to be established. For
patients with AKI, protracted hospital stays, repetitive exa-
minations, and invasive tests smear their entire experience
[15]. This is, clinical exosome microRNAs easily obtainable
from urine created the possibility of reliable, non-invasive
tests that could reverse this. These microRNAs could enable
the design and application of early interventions much in
advance, potentially improving both clinical outcomes and
patient experience [19].

Key contributions

— Incorporates the urinary exosomal microRNAs
(miR-21, miR-29, miR-155, miR-146, and miR-192) as
clinically applicable non-invasive indicators of AKI severity
in critically ill patients.

— Shows the expression levels of microRNAs in relation
to all the stages of the KDIGO prognosis markers and in-
dicates their prognostic capabilities surpass those of serum
creatinine.

— Shows the clinical relevance of exosomal microRNAs
by correlating their expression with negative prognostic in-
dicators: extended stays in the intensive care unit (ICU), ne-
cessity of ventilator support, and increased mortality.

— Offers a new non-invasive diagnosis for the timely
management of patients and also minimizes the require-
ments of complex catheter-based procedures. It also enables
timely and individualized management of patients with spe-
cific therapeutic values.

The key purpose of this research is to evaluate urinary
exosomal microRNAs and their predictive value for the se-
verity of AKI in critically ill patients and their prognostic
significance. Through the analysis of microRNA expression
profiles and their correlation with outcomes and KDIGO
staging, this research aims to determine the predictive and
diagnostic relevance of these microRNAs. The approach
aims to assess the potential of urinary exosomal microRNAs
as non-invasive biomarkers to replace more laborious diag-
nostic processes, facilitating enhanced early condition de-
tection and optimized treatment, and ultimately, improved
patient management in critical care.

Materials and methods
Study design and participants

The purpose of this review is for a clinical study and was
performed in the ICU of a hospital in the intensive and highly
specialized branch of medicine, for a deeper understanding
of the utilization of urinary exosomal microRNAs in the
estimation of possible biomarkers for the forecasting of the
intensity of AKI. The case planned and stratified the blood
and urine test samples, along with the corresponding clinical
details, as it was verbal, significantly reducing the chances of
recall bias while preserving the temporal solid quality of the
details acquired. The set criteria included adults (equal to
or over the age of 18) who were admitted to the ICU with
a suspected or, in any case, verified AKI diagnosis associ-
ated with the appropriate clinical criteria changes in their
blood or urine creatinine. To lessen the effects of sketchy
CKD, of having end-stage renal disease and already being
on dialysis or having gone through a kidney transplantation,
to tighten the loose foci with the microRNA expression and
the renal function. The board in charge of the review in the
hospital, located in the city, was ethically cleared, receiving
confirmation for fully adhering to all the rules and proto-
cols for clinical research with humans. Because some of the
participants were in a critical condition, it was their legally
authorized representatives that provided the informed writ-
ten consent as or in what case needed.

Sample collection

Urine samples were collected from all enrolled patients
within 2 time slots, during which the first samples were col-
lected at two time points within 24 hours of ICU admission
and again at 48 hours to capture early injury and short-term
progression. These sample time points capture both the early
stage of AKI and the short-term progression of AKI, as the
changing biomarkers within the urine can indicate changing
injurious processes to the kidneys. The samples were pre-
served within 2 hours of collection to prevent uncontrolled
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RNA contamination, sample degradation, and collection
and storage of urine in RNase-free, as well as sterile, sample
containers. The samples were then centrifuged at 2000 x g
for 10 minutes to collect the supernatant resting on top and
to get rid of the cells, debris, and large and intermediate-
sized particulates. The supernatant collected was then di-
vided into multiple cryotubes to avoid free-thaw cycles and
frozen at —80 °C, waiting to be processed. To enhance sub-
sequent analyses, the total urine volume collected for each
patient was recorded to improve standards to be used for
urine samples from which flow was obtained during diffe-
rent clinical scenarios.

Exosome isolation and characterization

Exosomes were separated from urine samples using a
standardized, commercially available precipitation tech-
nique, which offers consistency and scalability in a clinical
research setting. According to the provided protocol, the
urine supernatant was mixed with an exosome precipita-
tion reagent and incubated for 30 minutes at 4 °C to pro-
mote the precipitation of extracellular vesicles. After the
incubation, the sample was centrifuged at 1,500 x g for 10
minutes to separate the exosome pellets. For vesicle stabi-
lity, the exosomes were resuspended in sterile phosphate-
buffered saline (PBS) and then stored at —80 °C for future
use. Nanoparticle tracking analysis (NTA) was performed
to check the extracted exosomes to verify the distribution,
size, and concentration, and to extract and characterize
the exosomes successfully. Morphology examination of
the exosomes, with a specific focus on the presence of the
vesicles, which were spherical and cup-shaped, with sizes
mostly in the range from 30 to 150 nm, was done through
transmission electron microscopy (TEM). These exosomes
were isolated with the extracellular vesicles and protein ag-
gregates, so the other methods of quality control were used
to check that the isolated material was composed mostly
of exosomes. Exosome isolation used a standardized pre-
cipitation protocol; reproducibility was checked by NTA
and TEM. RNA purity was ensured with Nanodrop ratios.
Normalization was performed using a small RNA control
to minimize variability.

MicroRNA extraction and quantification

A customized RNA separation kit for the extracellular
vesicles obtained total RNA including microRNAs from
the isolated exosomes. A Nanodrop spectrophotometer was
used to assess the purity and concentration of the RNA,
and the additional A260/A280 and A260/A230 ratios were
used to assess protein and solvent contamination respec-
tively. Samples which showed acceptable purity ratios were
the only ones advanced for analysis. MicroRNAs were re-
verse transcribed with the aid of microRNA specific reverse
transcription Kkits to obtain complementary DNA (cDNA).
The extracted cDNA was used with the gqRT-PCR method
which was set to operate with SYBR Green detection on a
high-sensitivity real-time PCR machine. The microRNA
specific primers used for the analysis were for the possible
microRNAs set to target miR-21, miR-29, and miR-155,
which were gained from past data showing the microRNAs

regarding damage, fibrosis, and inflammation to the kidneys.
To verify the specificity of each reaction, the expression of the
microRNAs was determined using the small RNA control to
reduce the variability from the exosome RNA production on
c¢DNA. The analyzed miR-21, miR-29, miR-155, miR-146,
and miR-192, chosen because prior studies linked them with
inflammation, fibrosis, apoptosis, and renal recovery. They
were validated based on prior literature and your pilot data
showing consistent expression changes in AKI.

AKI classification and clinical data collection
There was acute kidney damage on the enrolled patients
was recorded using the criteria described by the Kidney Di-
sease Improving Global Outcomes (KDIGO). These crite-
ria, recognized worldwide, classify AKI as three decreasing
stages which are: stage 1 (mild), stage 2 (moderate), stage
3 (severe) based on the increase of blood creatine and the
decrease of urine production. These features helped to
maintain uniformity of results of the patients and linking
the microRNA. In addition to the recorded renal functions,
data during the ICU admission is collected which includes
a large set of information such as age, gender, hypertension,
diabetes, cardiovascular disease, primary level of renal func-
tions, and the exposure to the agents causing kidney damage.
The level of instability was measured using the APACHE 11
score which is a standard critical illness scoring. During the
hospital stay, the patients’ main clinical results which were
recorded to be analyzed later on were duration of the stay in
ICU, the need for mechanical ventilation, the need for renal
replacement therapy, and the overall mortality rate.

Statistical analysis

All statistical analysis were done using SPSS software.
Patient characteristics and clinical variables were summa-
rized using descriptive statistics and continuous variables
which are categorized as means * standard deviation (SD)
or medians with interquartile range (IQR) are based on
how the data was distributed, and frequencies and percen-
tages for categorical variables. Continuous variables were
assessed for normality with the Shapiro-Wilk test. To assess
differences in the expression levels of exosomal microRNA
between the stages of AKI, we used the non-parametric
Kruskal-Wallis test as we presumed the expression data
followed non-normal distribution. Post-hoc pairwise com-
parisons were completed where indicated. The strength
and direction of association of microRNA expression with
AKI severity were assessed using Pearson’s correlation co-
efficient. Receiver operating characteristic (ROC) curves
were used to analyze the chosen microRNAs for diagnostic
efficacy and the area under the curve (AUC) was used as
a measure of sensitivity and specificity. For all statistical
analyses, a p-value threshold of 0.05 was considered sig-
nificant.

In Fig. 1, the step-by-step approach used in the study
about the microRNAs in urine exosomes as biomarker of the
severity of the AKI has been explained. Initially registered
patients underwent longitudinal sample and data collection
after exosomes were isolated employing a specific kit. These
exosomes underwent segregated microRNA isolation.
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MicroRNAs were quantified using quantitative polymerase
chain reaction after which samples exhibiting varying de-
grees of AKI underwent expression analysis in order to as-
sess the microRNAs potential clinical utility as biomarkers.

Results

Determining the role of microRNAs contained in uri-
nary exosome specimens in predicting the severity of AKI
among critically ill patients constitutes the primary objective
of the study. Among the study participants, the mean age was
62 and 50 patients were on the ICU. Following KDIGO,
patients were divided into 3 groups depending on their se-
verity of AKI: stage 1 (mild), stage 2 (moderate), and stage 3

[ Patient enrollment ]

[ Urine sample collection ]

[ Exosome 1solation ]

[ MicroRNA extraction ]

[ Critical outcome ]

Figure 1. Methodology flowchart for urinary exosomal
microRNAs in AKI prediction

(severe). Urine samples were collected 24 and 48 hours after
ICU admission.

MicroRNA expression analysis

MicroRNA concentration levels were analyzed and mea-
sured using quantitative real-time PCR (qQRT-PCR). Out of
the advanced stages of AKI, the values of the microRNAs
were significantly high and included miR-21, miR-29,
miR-155, miR-146, and miR-192. Moreover, stage 3 AKI
associated the strongest with miR-21 and miR-155, whereas
miR-29 and miR-146 were more prevalent in stages 1 and
2. From stage 1 to stage 3 acute kidney injury, microRNAs
identified as exosome miR-192 and miR-29 were most pre-
dictive.

Statistical findings

Phase differences within the microRNAs showed dif-
ferences in expression levels within the three phases of
AKI. Testing these differences with the Kruskal-Wallis test
revealed differences in expression levels of microRNAs be-
tween the three phases of AKI because p levels were lower
than 0.05. Strong positive correlation between expression
of miR-21 with AKI as shown by (r = 0.85) suggests the
possibility of its usage as a diagnostic marker. AKI seve-
rity was defined using KDIGO staging (stages 1—3), and
microRNA levels were correlated with these stages. Strong
correlations were observed, especially for miR-21 and
miR-155 in stage 3.

In Table 1, AKI’s phases “mild”, “moderate”, and “se-
vere” serve as the anchor points for measuring changes in
the expression levels of five microRNAs: miR-21, miR-29,
miR-155, miR-146, miR-192. Association between expres-
sion level in arbitrary units and AKI stage, there is a ten-
dency of increase globally as were noted. The microRNAs
miR-21 and miR-155 manifest the steepest levels of expres-
sion associated with stage 3, demonstrating a strong connec-
tion with AKI of a severe nature. From these, conclude ha-
ving strong evidence to support the claim these microRNAs
might be used as severe AKI markers.

Discussion

Exosomal urinary microRNAs used in cloaking the
hyper acute stage of AKI in critically ill patients vascular
microRNAs imply the capacity to act as AKI in situ stage
biomarkers. Each of the miR-21 and -155 as well as AKI

Table 1. MicroRNA expression levels across AKI stages

MicroRNA Stage 1 (mild) Stage 2 (moderate) Stage 3 (severe)
miR-21 1.2+01 2.1+0.3 34+04
miR-29 1.5+0.2 20+0.2 2.7+0.3
miR-155 1.3+0.1 1.9+0.3 3.1+0.5
miR-146 1.2+01 1.8+0.2 25+04
miR-192 1.4+£0.2 22+0.3 3.0+0.3
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severity augments the potential to target downstream recon-
struction of the disrupted pathophysiology of adequate mi-
croangiopathies. The previously documented role of fibrosis
and inflammation to AKI in other studies echoes with the
present data. The AKI regulated modules also imply that
miR-29 and -146 are the early controllers of vasostasis of
microcirculatory inflammation and tissue repair.

Ebedmann et al. microRNA urine analysis does not
strike as overly complicated; however, there are multiple
benefits that stem from the technique vis-a-vis performing
levels of serum creatine. At aclastic serum conjunction, mi-
croexosomes in urine can pick up changes in renal function
much earlier, thus intervening much earlier. The presence of
longitudinal surveillance correlation of the development of
AKI with age of chronic kidney disease reminds us a much
bigger paradigm CKD, with patient treatment outcomes
being dramatically improved along with the systemic kidney
disease burden.

Correlation with clinical outcomes

Statistical analysis of the outcome also showed that the
patients with an AKI spent longer on the ventilator and in
the ICU because of their more severe ventilator-supported
AKI requiring more intensive clinical care AKI requiring
more intensive clinical care.

Unlike serum creatinine (a late marker), urinary exo-
somal miRNAs detected injury earlier. Compared to NGAL
and KIM-1, your ROC analysis suggests comparable or
superior predictive potential, particularly miR-21 and
miR-155.

Limitations. The second interesting thing about the
work is that in many ways its operation and design is essen-
tially and deeply flawed. Especially, the action of the angio-
genetic factors controlling the intricate micro vascular ar-
chitecture, as well as axial geometry and pressure gradients,
must be better explained in later works.

In Table 2, Pearson correlation coefficient, r, is used
to compare the expression levels of each microRNA with
the severity of AKI. Expression levels of miR-21 (r = 0.85)
and miR-155 (r = 0.80) were significantly positive cor-
related with AKI severity and were statistically significant
(p < 0.001), validating their status as good biomarkers for
predicting the development of AKI. The data on correlation
is utilized to validate the claim for the prognostic and diag-
nostic use of these microRNAs in AKI therapy.

Table 2. Correlation between microRNA expression

and AKI severity
MicroRNA r p-value
miR-21 0.85 < 0.001
miR-29 0.74 < 0.01
miR-155 0.80 < 0.001
miR-146 0.68 <0.05
miR-192 0.72 < 0.01

Conclusions

This study shows the microRNAs present in the urine
exosomes, particularlyy, miR-21, miR-29, miR-155,
miR-146, and miR-192, to be significantly associated
with the grade of AKI in the critically ill population. Their
strong association with KDIGO staging and clinical out-
comes indicates their value as non-invasive biomarker
candidates for early diagnosis and prognosis. Unlike the
traditional serum creatinine, these microRNAs reflect
pathophysiological changes well in advance of detectable
renal failure, making them invaluable for timely interven-
tion. Further, the discerned expression patterns strongly
suggest their predictive ability for disease progression and
development of chronic renal disease. Incorporating these
biomarkers into clinical practice allows clinicians to im-
prove diagnosis, tailor treatment, and lessen the need for
invasive procedures. In addition, their non-invasive nature
provides the possibility of a more patient-friendly diagnos-
tic approach which decreases patient burden and reduces
overall healthcare resource utilization. Taken together,
these findings suggest the exosomal microRNAs in urine
are potential prognostic and diagnostic biomarkers. How-
ever, their reliability and applicability to different popu-
lations still need to be validated by well-designed, large-
scale, and multicenter studies.

Recommendations

Future studies need to focus on validating these results
among larger, multiethnic populations to assess the reliability
and clinical significance of urinary exosomal microRNAs.
Repeatability of exosomal microRNA analysis across re-
search and clinical settings depends on the standardization
of exosome isolation, microRNA quantification, and associ-
ated reporting procedures. Integration of more sophisticated
machine learning techniques could enhance predictive po-
wer and risk stratification. Clinicians should consider urinary
exosomal biomarkers as supplementary markers to standard
exosomal microRNA assays, enabling more accurate, timely,
and tailored strategies for the management of AKI.

Ethical approval

Approval for this study was granted by the Institutional
Review Board of the collaborating tertiary care hospital. In-
formed consent was obtained in writing, from the partici-
pants or from their legal representatives, prior to collection
and assessment of samples. All actions were in compliance
with the Council for the Declaration of Helsinki and in the
course of the study the patients’ confidentiality, safety and
rights were fully maintained.
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Ek3ocomHi MikpoPHK y ceui Kk npe AUKTOpU TAXKKOCTI FOCTPOro YPAXKEHHS HUPOK
Y KPUTUYHO XBOPUX NALLIEHTIB

Pesiome. Tocrpe ypaxenns nmpok (I'YH) € yckiaaHeHHsM
OCHOBHOTO 3aXBOPIOBAHHSI, 1110 MA€ 3HAYHMIT HETATUBHUI BIUIMB i
YacTO MPU3BOIUTD 0 JIETAJbHUX HACTiAKIB. Omy>KaHHS 3aJ1eXKUTh
Bil HEMOMYIIIEHHST 1OJAaTKOBOI IIKOAM, CBOEYACHOI 1iarHOCTUKU
3aXBOPIOBAHHS Ta OLLIHKU MOTO TSKKOCTI. Y IMiif CTaTTi pO3IIITHYTO
poib ek3ocoMHux MikpoPHK y ceui momo mporHo3yBaHHs
TsKKOCTI ['VH y KpUTUUHO XBOPUX MAILLEHTIB, A SIKMX PaHHS
NiarHOCTUKAa € O0COo0JIMBO HeoOXinHowo. JlochimkeHo 3pa3ku
cedi 3 BEJIMKMM yMIiCTOM eK30coM Yy TaiieHTiB i3 ['YH, a Takox
KiJIbKiCHO Bu3HaueHo MikpoPHK, 1o MoxyTth OyTu moB’s3aHi
3 VIIKOMXKEHHSIM HUPOK i OepyTh ydyacTh Yy iX (PYyHKIIiOHYyBaHHi.
PesynbraTi BKa3yloTb Ha CUJbHY KOPENSIiI0 MiX IMeBHUMU
mikpoPHK i Tsxkictio T'YH. Lle cBiquuTh 1npo mporHoCTUYHUM
MOTEHLiaJl TAKUX MOJIEKYJI IIOI0 TMOIIKOMKEHHS Ta TUCHYHKIIT
HUPOK. Y CTATTi ONTMCAHO MOXKJTMBOCTI BUKOPUCTAHHST EK30COMHUX
MikpoPHK y ceui my1st HeinBasuBHoOro nporHodyBaHHsi ['VYH, o
MOK€ CTaTH T'THOIO aJIbTePHATUBOIO TPAAUIIHHUM METOIaM, 5IKi €

OiTBII iHBa3MBHUMU Ta CKIamHUMU. OTpUMaHi 1aHi BKa3ylOTh, 1110
3acrocyBaHHsI MikpoPHK Ha mpakTulli moTeHLiiTHO CipusiTUME
OinbI TOuHil giarHocTuli. KpimM Toro, Taki 6ioMapkepu MOXYTb
MOKPAIIUTA MAlliEHT-OPIEHTOBAHUI TinXig 10 JIiKyBaHHS,
ITO3BOJISTIOUM  aalTyBaTH iHTEHCUBHICTh Tepallii [0 CTyIeHs
HUPKOBOI HeIJOCTATHOCTI. OCKIJIBKY 11e HeXipypriuHU METOI, BiH
MOXe 3MEHIIUTU TOTPeOy Y MOBTOPHUX iHBA3MBHUX BTPYYAHHSIX,
MiABUIIYIOUYM KOMMOPT NaLi€HTIB i BOAHOYAC 3HMKYIOUM BUTPATU
Ha OXOpoHy 310poB’st. HeoOxinHi mopasnbili TOCHTIIKEeHHS st
[JIMOIIOr0 BUBYEHHS poJjii ek3ocoMHMX MiKpoPHK y xoHTekcTi
FOCTPOTO ypaXeHHsI HUPOK Ta BHU3HAUEHHSI TOBrOCTPOKOBUX
TepareBTUYHMX TepeBar, OKpiM MOTOYHUX IMOMEPeAHiX NaHUX,
y OiTbIIMX Ta PI3HOMAHITHIIIMX KOTOPTax JAJISl MiATBEPIKEHHS
HaBeIEHUX Pe3yJIbTaTiB.

Kimo4oBi ciaoBa: exsocomui MikpoPHK y ceui; TspxkicTs ro-
CTPOTro YpaxKeHHSI HUPOK; YpaxKeHHsI HUPOK; OioMapKepu; iHTeH-
CUBHAa Tepartisi; MOJIEKYJISIpPHUI MeXaHi3M
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