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ABSTRACT

Aim. To evaluate the effect of preanalytical processing of placental samples on the results of Raman spectroscopy.

Materials and methods. Thirty placental samples were prospectively studied. The samples were examined using
the InSpectr M spectrometer at three stages of preanalytical processing of the material: native tissue, after fixation
in formalin, after deparaffinization of the section. Statistical analysis included descriptive statistics, the Shapiro —
Wilk test, the Friedman test with the post-hoc analysis, and the Spearman’s rank correlation.

Results. The analysis of the samples revealed 33 Raman peaks (415-2,915 cm™), most of which were distributed
abnormally (Shapiro — Wilk test, p <0.05). The Friedman test with the Durbin — Conover post-hoc analysis revealed
a group of stable analytes: 19 analytes retained intensity after fixation, 6 — after deparaffinization, and 10 — at all
processing stages. The Spearman’s rank correlation revealed selective relationships between processing stages for
individual analytes (890; 1,117; 1,204; 753, 830, and 2,225 cm™).

Conclusion. The study revealed a significant effect of preanalytical sample processing on the spectral characteristics
of placental tissue, the prospects for the clinical use of Raman spectroscopy, and the need to develop standardized
protocols.

Keywords: Raman spectroscopy, placenta, limiting factors, preanalytical material processing, spectral profile
Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors declare that they received no funding for this study.

Conformity with the principles of ethics. The protocol of this study was approved by the Ethics Committee at
Moscow Multidisciplinary Clinical Center “Kommunarka” (Minutes No.6 dated August 8, 2023).

For citation: Rodionov V.E., Avdalyan A.M., Nichiporov A.L., Chernov I.A., Kukushkin V.I., Avraamova S.T., Kiril-
lov Yu.A. The Influence of Preanalytical Factors on the Algorithm of Multiplex Spectroscopy of Placental Samples.
Bulletin of Siberian Medicine. 2026;25(2):84-90. https://doi.org/10.20538/1682-0363-2026-2-84-90.

D4 Rodionov Viadimir E., rodionovforever@mail.ru

84 BronneteHb cnbupckoit meguumHbl. 2026; 25 (2): 84-90



Original Articles
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PE3IOME

Henw. OueHka BIUSHUSA TPeaHaTUTUIECKOHN MOArOTOBKY IJIALEHTHI Ha Pe3yIbTaThl PAMAHOBCKOH CIIEKTPOCKONHUH.

MarepnaJjnl 1 MeToabl. [IpociekTiBHO HccnenoBansl 30 006pa3noB rianeHTsl. OOpa3Ibl HCCIeI0BAIICEH IPH 110-
Moy criekrpomerpa « MTaCrnexrp M» (OO0 «PamMukcey, Poccust) Ha Tpex aTanax npeaHanTHIeCKoit 00padoTku
MaTrepHaia: HaTUBHAs TKaHb, IOCIe (UKCAlNK B OpMalMHe, ociie AenapadruHUpoBaHus cpe3a. CTaTHCTHIeCKIH
aHalIM3 BKJIIOYAJl OMUCATENbHYIO CTaTHCTUKY, TecT Illamupo — Yunka, Tect @puamana ¢ MocT-XoK TECTOM U KOp-
pensuo CrnupMeHa.

Pe3yabrarsl. VccrnenoBanne 00pa3uoB BesBIIO 33 pamaHoBekux muka (415-2915 cm™), GONBIIMHCTBO U3 KO-
TOPBIX pacIpeNnessuIich HeHopManbHO (Kputepuii [llamupo — Yunka, p < 0,05). Tect dpuamana ¢ mocT-XoK Te-
ctoM [lyp6buna — KoHOBepa BBISBHI TPYIITy CTAOMJIBHBIX aHAJIUTOB: 19 aHANINTOB COXPAaHWIN MHTEHCHBHOCTH
nocne ¢ukcanuy, 6 — nocie aenapaduHUpoBanus, a 10 — Ha Bcex dTanmax obpaboTku. Tect CrMpMeHa BHISBIII
n30MparTeNbHbIe B3aUMOCBSI3H MKy dTanaMu 00pabOTKH s OTAENBHBIX aHanuToB (890, 1117, 1204, 753, 830
u 2225 em™).

3axiouyenne. lcciaenoBanue BBIABWIIO 3HAUMTENBHOE BIHMSHUE MPEAHATHUTUYECKOW MOATOTOBKH OOpa3loB Ha
CHEKTpaJbHbIC XapaKTEPHCTUKH IUIALEHTAPHON TKaHH, MEPCHEKTUBHOCTh KIMHHYECKOTO HCIIOIB30BAHHUS pama-
HOBCKOM CIIEKTPOCKOITUH U HEOOXOIUMOCTh pa3padOTKH CTaHAAPTH3UPOBAHHBIX IPOTOKOJIOB.

KuioueBble cjioBa: paMaHOBCKasi CHEKTPOCKOIMS, IUIALICHTA, OTpaHHYMBAOIINe (HaKTOpBI, MpeaHaTUTHYCCKast
00paboTKa MaTepHaa, ClieKTpaIbHBIN TPOPHITH

KOHq).]'Il/lKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C Hy6J’[HKaHH€ﬁ HaCTOS{H.[efI CTaTbu

Hcrounnkn puHaHCHPOBAaHHSA. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU (PUHAHCHPOBAHMS IIPU NIPOBEICHUN HCCIIE0-
BaHMSI.

CooTBeTcTBME NPUHIMIAM 3TUKHU. VccienoBanue ono6peHo komuteroM 1o stuke npu MMKI] «Kommynapka»
J3M (nporoxon Ne 6 ot 08.08.2023).

Ja uurtupoBanus: Poguonos B.O., ABnanan A.M., Huuunopos A.U., Yepnos U.A., Kykymxkun B.1., ABpa-
amoBa C.T., Kupmmios 10.A. Bausaue npeananuridecknx (GakTopoB Ha aJTOPHTM MYJIBTHUILIEKCHOTO CHEKTPO-
CKOIMYECKOTO aHalli3a 00pas3loB IUIANCHTHI. browiemens cubupckoi meouyunsvl. 2026;25(2):84-90. https://doi.
org/10.20538/1682-0363-2026-2-84-90.
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INTRODUCTION

Theplacentaisaunique,temporary, multifunctional
organ that plays a critical role in ensuring normal
fetal development. In recent years, researchers have
increasingly focused on the potential of using data
from physicochemical metabolic processes occurring
in the placenta, which constitute the essence of
its metabolome, as informative biomarkers and
predictors of pathological conditions during
pregnancy and its consequences [1, 2]. However,
traditional histopathological examination methods
have several limitations, including the subjectivity
of visual assessment, the lack of data on metabolic
pathologies, and significant time requirements.

Raman spectroscopy (RS) represents a promising
alternative to classical morphological methods,
providing detailed information on the conformation
of macro- and micromolecules, making it a suitable
tool for identifying analytes of pathological
conditions in real time. Despite the widespread use
of RS in oncology and other areas of medicine, its
use in placental medicine [3—6] is limited to only
a few pathological conditions [7-9]. Of particular
interest is the potential use of RS for diagnosing
inflammatory processes in placental tissue.

A key issue limiting the widespread adoption of
this method in clinical practice, despite the obtained
approval of the device for clinical use, is the presence
of factors that can influence the outcome. These
include the purity of the sample material, the presence
of non-biological contaminants in the samples,
background fluorescence, Gaussian noise, and
preanalytical processing, which creates significant
difficulties in interpreting results, especially when
working with archival histological samples [10-12].
A particular methodological challenge is the need for
prospective collection and analysis of a large number
of samples followed by histological verification,
which is associated with significant time and material
costs. The influence of these limiting factors makes it
impossible to extrapolate the results of a retrospective
study to the data obtained in real time.

The aim of this study was to evaluate the effect
of the stages of preanalytical processing of placental
tissue on the RS results.

MATERIALS AND METHODS

The protocol for the study was reviewed and
approved by the Ethics Committee at Moscow

Multidisciplinary Clinical Center “Kommunarka”
(Minutes No. 6 dated August 8, 2023).

Thirty placental tissue samples were prospectively
randomized for the study. The mothers ranged in
age from 19 to 43 years (median (Me) — 30.5 years);
gestational age was 36 to 41 weeks (Me 39 weeks);
birth order was 1 to 5 (Me 2); the fetal health status
according to the Apgar scale at the first and fifth minutes
of life, respectively, ranged from 1/3 to 9/10 (Me 8/9),
the newborns’ weight was 2,580 to 4,400 g (Me 3,510
), and the placenta weight was 269 to 650 g (Me 437.5
g). Eighteen mothers delivered spontaneously through
the birth canal, three had medically induced vaginal
deliveries, and nine had cesarean deliveries.

The spectroscopic examination of each placental
tissue sample was performed at three preanalytical
stages: without fixation in media (native material)
(stage 1); after fixation in 10% neutral buffered formalin
for 24 hours (stage 2); and after deparaffinization of a
20-pm-thick section (standard histological processing)
(stage 3). We used the InSpektr M spectrometer,
version M-532 (RU No. RZN 2015/2419 dated June
18, 2021, manufacturer: RamMix LLC, Russia),
consisting of an Olympus CX41 optical microscope
and a spectrometer unit with the excitation wavelength
of 532 nm. The laser spot diameter at the focal point
was 10 um, and the laser power was 10 mW. Instrument
control, spectral recording, and data acquisition were
performed using the specialized InSpektr software
(RamMix LLC, Russia).

Data processing was performed using the Jamovi
software (version 2.6.26, The jamovi project (2024))
— a freely distributed, open-source program for
statistical analysis. Statistical analysis methods
included descriptive statistics, testing for normality
using the Shapiro — Wilk test, the nonparametric
Friedman test (presumably rejecting the hypothesis
of normal data distribution for most analytes) for
comparing related samples followed by the post-hoc
analysis (Durbin — Conover pairwise comparisons),
and Spearman’s rank correlation to assess the
monotonic relationship between pairs of processing
steps for each analyte. Data visualization was also
performed using the Jamovi software.

RESULTS

The spectroscopic studies revealed that the
spectra of placental samples were characterized by
the presence of Raman peaks in the spectral range of
415-2,915 cm™ and contained fluorescence intensity
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values for 33 vibrational modes (components/

analytes) (Table 1).
Table 1

Grouping of Placental Raman Peaks by Functional Classes
with Shifts Indicated (cm™)

Raman shift (cm™) | Components/analytes*
1. Lipids and lipid components

Phosphatidylinositol, cholesterol ester,
glycerol, (CH2)-lipids, fatty acids, CH: de-
formation (lipids), phospholipids, collagen,

CH3s, CH stretching of lipids
2. Proteins and amino acids
641; 753; 830; 890; | Tyrosine, tryptophan, proline, hydroxypro-
933; 1,002; 1,174; line, tumor structural proteins, collagen,
1,204; 1,365; 1,445; | phenylalanine, amide III, glycine, amide II,
1,554; 1,627, 2,554 amide I (B-form), methionine (S—-H)
3. Nucleic acids (DNA/RNA)

DNA, phosphodiester (Z-marker), PO~
(nucleic acids), antisymmetric phosphate
stretch, cytosine, adenine, guanine (N7,
B/Z-marker)

4. Carbohydrates and glycans
1,048; 1,117; 1,370 | Glycogen, glucose, saccharides
5. Pigments and specialized metabolites
957, 1,157; 1,528

415; 533; 628; 1,300;
1,304; 1,445; 1,463;
2,915

7205 810; 830; 1,230;
1,287; 1,304; 1,361;
1,609

| Carotenoid, cholesterol, B-carotene (C=C)

6. Mineral components
957 | Hydroxyapatite
7. Combined/Overlapping Modes
1,445-1,463; 2,225 | CH./CH3 deformations, C=EN

* the complete list of 33 components/analytes is provided in [13].

Analysis of the fluorescence intensity distribution
for 33 analytes revealed that some shifts did not follow
a normal distribution (Shapiro — Wilk test, p < 0.05).
The greatest number of deviations from a normal
distribution was observed for the native material (30
Raman shifts). After fixation in formalin, the number
of anomalously distributed shifts decreased to 13. A
limited number of deviations (19 Raman shifts) were
also observed for the deparaffinized samples.

Due to the rejection of the hypothesis on a normal
data distribution for a larger number of analytes,
nonparametric methods were used for further
statistical analysis.

Given the exploratory nature of the analysis of
33 analytes to identify potentially stable markers,
rather than to confirm strict hypotheses, and the high
risk of false-negative results when adjusting for 99
comparisons (33 analytes, 3 stages of preanalytical
material processing), the Bonferroni correction was not
applied. Unadjusted p-values are provided below, with
an explicit indication that further validation is needed.

The analysis of differences in fluorescence
intensity between the stages (Friedman test with the

Durbin — Conover post-hoc analysis) showed that
the group of analytes (Raman shifts at 753; 830; 890;
957;1,002; 1,117; 1,174; 1,204; 1.230; 1,300; 1,304;
1,361; 1,365; 1,370; 1,445; 1,463; 1,528; 1,609;
1,627 cm™) did not show statistically significant
differences in fluorescence intensity between stages
1 and 2. Analytes corresponding to Raman shifts of
1,048; 1,361; 1,370; 1,528; 2,225; 2,554 cm™ did not
have differences in fluorescence intensity between
stages 2 and 3. A group of analytes (Raman shifts
of 933; 1,157; 1,230; 1,304; 1,365; 1,370; 1,528;
1,554; 1,609; 1,627 cm™') maintained the stability
of fluorescence intensity between stages 1 and 3.
The most stable were analytes with Raman shifts of
1,230; 1,361; 1,365; 1,370; 1,528; 1,609; 1,627 cm
!, which did not exhibit significant changes between
at least two pairs of stages (p > 0.05), among which
2 analytes (1,370 and 1,528 cm™) did not have
significant changes at all three stages (Tables 2, 3).

Table 2

Repeated Measures ANOVA for the 1,370 cm™ Analyte
Pairwise comparisons (Durbin — Conover
post-hoc analysis)

Statistics P

1,370 (stage 1) — 1,370 (stage 2) 1.913 0.061
1,370 (stage 1) — 1,370 (stage 3) 0.137 0.892
1,370 (stage 2) — 1,370 (stage 3) 1.776 0.081

Note. y* =4.36; df = 2; p = 0.113 (Friedman test).
Table 3
Repeated Measures ANOVA for the 1,528 cm Analyte

Pairwise comparisons (Durbin — Conover
post-hoc analysis)

Statistics p

1,528 (stage 1) — 1,528 (stage 2) 0.136 0.892
1,528 (stage 1) — 1,528 (stage 3) 1.701 0.095
1,528 (stage 2) — 1,528 (stage 3) 1.565 0.123

Note. x> = 3.48; df =2; p = 0.176 (Friedman test).

The Spearman’s correlation demonstrated that
correlation between the stages was observed only
for a limited number of analytes. The 890- (Table
4) and 1,117 cm™ analytes demonstrated significant
correlation between stages 1 and 2, the 1,204 cm™!
analyte — between stages 2 and 3, and the 753, 830,
1,204 (Table 5), and 2,225 cm™ analytes — between
stages 1 and 3.

Table 4
Spearman’s Rank Correlation Matrix for the 890 cm™ Analyte
890 890 890

Parameter (stage 1) | (stage 2) | (stage 3)

890 (stage 1) Spearman’s p (rho) - - -
df (degrees of freedom) - - _
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End of table 4

Parameter 890 890 890
(stage 1) | (stage 2) | (stage 3)
p _ _ —
890 (stage 2) Spearman’s p (rho) 0.570%** - -
df (degrees of freedom) 26 — —
P 0.002 — —
890 (stage 3) Spearman’s p (rho) 0.007 0.072 -
df (degrees of freedom) 26 26 —
P 0.972 0.717 -

Table 5

Spearman’s Rank Correlation Matrix for the 1,204 cm™!
Analyte

1,204 1,204 1,204
(stage 1) | (stage 2) | (stage 3)
1,204 (stage 1) Spearman’s p (rho) — — —

Parameter

df (degrees of freedom) - - -

P _ _ _
1,204 (stage 2) Spearman’s p (tho) | —0.051 - —
df (degrees of freedom) 26 — —
p 0.797 — —
1,204 (stage 3) Spearman’s p (tho) | —0.386* | 0.430* -
df (degrees of freedom) 26 26 -
p 0.042 0.023 -

DISCUSSION

RS of 30 placental samples (native material,
samples fixed in 10% neutral buffered formalin for 24
hours, and deparaffinized sections from paraffin blocks)
revealed significant changes in spectral characteristics
reflecting changes in the biochemical composition of
the placental tissue. The data obtained demonstrated
that each sample preparation method had a significant
effect on the placental spectral profile.

The greatest variability in spectral characteristics
was observed in native samples, where 30 of 33
analytes did not follow a normal distribution. This
could be due to either the natural heterogeneity
of placental tissue or the initial degradation of
biomolecules (lipids, proteins) after cessation of
blood supply [13]. Moreover, the high coefficient
of variation in labile analytes, including lipid and
protein components, confirmed their sensitivity to
post-extraction changes.

Fixation in formalin resulted in significant
stabilization of the spectral profile, manifested by a
decrease in the number of anomalously distributed
shifts to 13. This is apparently due to formalin ability
to form cross-links between proteins, which reduces
macromolecular degradation. At the same time, a
significant decrease in the correlation between native
and fixed samples indicated profound biochemical

changes caused by protein denaturation and
modification of lipid structures [14].

The deparaffinization process caused a repeated
increase in the number of deviations from the
normal distribution (19 anomalously distributed
shifts) and, as a result, a discrepancy between these
spectral profiles and those of the fixed samples. The
correlation between fixed and deparaffinized samples
was maintained for only one analyte (1,204 cm™) and
indicated both a change in formalin-induced shifts
and a pronounced effect of paraffin on the lipid and
alcohol content and on hydrophobic components [15].

The Friedman test with post-hoc analysis allowed
us to divide all analytes into three groups: labile,
partially stable (showing stability of fluorescence
intensity between one or two pairs of stages), and
absolutely stable (analytes at 1.370 and 1,528 cm™),
whose fluorescence intensity was stable across all
three stages. Based on this, these vibrational modes
can be further considered as potential reference
markers for the analysis of materials with different
preanalytical histories.

A limitation of the study was a relatively small
sample size (n = 30) and the exploratory nature of
the multiple comparison analysis without strict
adjustments. However, the identified patterns provide
a basis for targeted research with pre-formulated
hypotheses.

CONCLUSION

This study demonstrates that preanalytical
processing of placental tissue significantly affects its
biochemical composition and spectral characteristics.
Native tissue differs radically from processed
tissue; its spectra cannot be directly compared with
fixed/deparaffinized samples without adjustments.
Machine learning methods are necessary to compare
spectral data from native and processed tissue due
to the nonlinear nature of changes. Thus, Raman
spectroscopy can be used to monitor changes
in placental tissue, but it requires consideration
of the influence of preanalytical factors on data
interpretation and the development of standardized
protocols, with the potential for retrospective
studies and implementation of the method in clinical
practice.
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