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

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

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

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

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

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

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

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

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

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

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

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

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

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

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

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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http://www.icmje.org/urm_full.pdf
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

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

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

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

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

Colorectal cancer (CRC) —assignificant global health challenge.
Exploring biological markers of oxidative stress is crucial, as
they can play an essential role in initiating the transition from
an organ's "healthy state" to a "malignant injury." There is
substantial promise in investigating the level of 8-isoprostane
(8-isoPGF2a) as a novel and dependable marker of oxidative
stress. This paper presents that 8-isoprostane levels have been
linked to the development of severe structural changes in the
colon wall, accompanied by endogenic intoxication syndrome.
The obtained results prove the strong connection between
oxidative stress and carcinogenesis progression. Our research
further illustrates the favorable and potentially beneficial impact
of the Au/Ag/Fe NPs composition, which can find utility in a
diverse range of contemporary applications.

Key words. Colon adenocarcinoma, colon morphology,
8-isoprostanes, metal nanoparticles.

Introduction.

Colorectal cancer (CRC) became a great challenge for millions
of doctors and scientists and a significant problem of modernity.
CRC has become increasingly widespread, although it is a well-
studied malignancy with a slow progression, established risk
factors, and detectable and treated pre-neoplastic lesions. In fact,
colon cancer is the 4th most common cancer among men and the
3rd most common cancer in women. Despite the fact that scientists
know more than ever about the genetic and cellular mechanisms
that promote or inhibit cancer progression, it continues to be one of
the world's leading health concerns [1-3].

Most colorectal cancer cases are nonhereditary and sporadic;
early detection is critical. In the early stages of the disease,
malignant neoplasms are usually asymptomatic. Many colon
carcinogenesis markers are well-known nowadays [4,5].
However, there are two negative aspects of these diagnostic
methods. Firstly, an increase in the concentration of almost
all tumor markers, e.i. CA 242 — the most commonly used
in Ukraine, is diagnostically significant in the later stages
of the disease when the malignant oncological formation is
sufficiently developed. Secondly, determining tumor markers
is quite expensive and, in some countries, can be conducted
only in certain laboratories. Even in developed countries, such
testing might be difficult for a patient due to expensive tests are
sometimes not covered by insurance. All of these restrict the
patient's and doctor's ability to detect cancer early. When the
pathological process has progressed to the point where first-line
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treatment is no longer viable, the patient visits a specialist for a
palliative cure.

As a result, the search for more cancer markers continues.
Scientists worldwide are still trying to figure out how to
diagnose cancer in a way that will allow them to catch it early.
Researchers have concentrated their efforts on developing new
screening targets to detect neoplastic lesion growth at an early
stage to improve patient survival rates and quality of life and
minimize the number of colorectal cancer cases [6].

Numerous pathological processes consist of free radical-
mediated oxidative stress, e.i. malignancy, cardiovascular,
neurodegenerative, pulmonary illnesses etc. Lipid peroxidation
is one of the most significant elements associated with oxidative
stress. The measurement of lipid peroxidation products has been
used to evaluate oxidative stress in vivo. Different oxidative
stress markers in vitro are now available, but they are either
insensitive or not specific, or they need invasive procedures.
Free-radical oxidation processes that got out of antioxidant
protection control may be the cause of carcinogenesis' fast
progression. One of the most significant stages toward
diagnosing the range of oxidative syndromes supposedly
caused by reactive oxygen species (ROS) is the development of
effective tools for assessing oxidative stress [7,8].

Several studies have demonstrated that quantitative evaluation
of isoprostane levels, formed during oxidative stress, can be
utilized as a useful marker of pro-oxidative status in various
disease pathogenesis [9]. Isoprostanes have various advantages
over other oxidative stress indicators, when used as oxidative
stress markers [10,11]. First of all, researchers have drawn
attention to this indicators, because they are chemically stable
markers formed in vivo. Thus, we decided to observe changes
in this indicator in the dynamics of the development of DMH-
induced colon adenocarcinoma in situ.

Understanding the pathophysiology of CRC requires an
understanding of changes in colon morphology. Deterioration of
colon morphological structure in the dynamics of its neoplastic
lesion, unfortunately, are insufficiently studied in the scientific
investigations. That’s why we also focused our attention
on suctrural and substructural changes of colon under the
condition of experimentally induced CRC. Despite considerable
improvements in treatment, high morbidity remains a challenge.
The effectiveness of widespread treatment methods is limited
due to tumor cell resistance to chemotherapeutic bioactives,
dose-related toxicities, and other major side effects. One of the
new ways to circumvent such limitations seems to be the use of
nanotechnology-based therapy [12,13].
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Previous multiple explorations established positive effect of
metal nanoparticles (NP) application in experimental oncology.
The most impressive outcome was noticed when using each of
the three metal NP: gold NP (Au NP), silver NP (Ag NP), and
iron NP (Fe NP) [14-17].

Based on data obtained from the impressive results of different
studies regarding the positive effect of the use of Au, Ag, and Fe
NP, we were able to make an assumption, that the composition
of these three nanometals will have no less and possibly more
expressive and positive influence on various links of CRC
pathogenesis, such as immunological disorders, anemia,
dysbiosis, etc. [18-20].

So, we set ourselves the following research tasks: to investigate
the degree of peroxidation processes development by the levels
of its products (TBARS, 8-isoprostane) in the dynamics of
the colonic neoplasia development; to analyze changes in the
histoarchitectonics of the colon's wall during the development
of its adenocarcinoma in situ; evaluate the effect of the of metal
nanoparticles composition (Au/Ag/Fe NPs) on changes of all
the links of CRC pathogenesis which mentioned above.

Materials and Methods.

Animals:

The research was carried out on 148 white mature outbred
male rats with body weight 190 + 5 g. The animals were kept in
standard vivarium conditions. Bodyweights and survival were
monitored throughout. Rats had free access to drinking water
and basal diet ad libitum. Animal experiments conducted in this
study conformed to internationally accepted standards and were
approved by the Bioethical Committee of Ternopil National
Medical University (Ternopil, Ukraine). All manipulation with
animals was performed according to the requirements of the
“European Convention for the protection of vertebrate animals
used for experimental and other scientific purposes” [21].

The rats were randomly allocated into 4 groups: 13— 68 control
animals,

2nd — 80 animals with modeled colorectal adenocarcinoma in
situ. Afterwards 24 of affected animals received NP Au/Ag/Fe
intragastrically for 21 day (3" group). 4" group — 12 control
animals received NP Au/Ag/Fe similarly.

Every 30 days, 24 hours after the each last scheduled DMH
administration, equal numbers of rats from each experimental
group were deeply anesthetized with Thiopental (50 mg/kg,
intraperitoneally, Arterium, NUA/3916/01/02) and sacrificed
by cervical displacement and exsanguination. At the end of
the experimental period, colon adenocarcinoma in situ was
histologically identified in all DMH-treated rats.

Experimental animals who received NP composition
were deeply anesthetized with Thiopental (50 mg/kg,
intraperitoneally, Arterium, NUA/3916/01/02) and sacrificed
by cervical displacement and exsanguination after three days
since the last NP administration.

Colorectal Cancer Model.

One of the most frequently applied chemicals is N,N-
dimethylhydrazine (DMH) in animal models that has been
used for colon neoplastic injury modelling. The selected model
has similar morphological and molecular features with human
sporadic CRC [22].
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DMH (Sigma-Aldrich Sp. z 0.0, Poland, series D161608) was
dissolved in 0,9 % NaCl solution in 1:100 ratio and injected
subcutaneously (the interscapular region) at a dose of 7.2 mg/
kg of rats’ body weight once a week for 30 weeks. Animals
of control group got subcutaneous injections of physiological
saline in the same manner to avoid the probable effects of stress.

Oxidative stress markers.

Using a commercial enzymatic immunoassay 8-Isoprostane
ELISA Kit #516351 (Cayman Chemical, USA), the
concentration of 8-isoprostane (8-iso-PGF, ) in the blood and
colon tissue of experimental animals was calculated in pg/ml.

Histopathology.

Samples of colonic tissues were collected from the animals and
fixed in 10 % neutral buffered formalin overnight. The tissue
processing procedure was done with the use of histoprocessor
LOGO Sone (Milestone). For histological analysis, colon
paraffin slices (5 um thickness) were stained with Hematoxylin
and Eosin (Biognost) and examined under a light microscope
(Nikon Eclipse Ci).

Nanoparticles dosage and administration.

Administration of NPs composition was started three days after
the last injection of DMH. White mature outbred male rats had
an intragastrically administrated composition of spherical silver,
gold, and iron nanoparticles (Ag/Au/Fe NPs) once a day for 21
days at a dose of 0.842 mg Ag, 0.053 mg Fe, and 1.625 pug Au per
1 kg of body weight. The concentration of metals in 1 ml of initial
water dispersion was 1.6 mg Ag, 0.1 mg Fe, 3.1 ug Au. Before the
intragastric administration, the initial water mixture of NP Au/Ag/
Fe was diluted by sterile distilled water at a ratio of 1:10.

Initial water dispersion of the used Ag NP was synthesized
via reduction of silver nitrate (AgNO,) by tannin (tannic acid)
at the presence of potassium carbonate (K,CO,); Au NP were
synthesized via reduction of the tetrachloroauric (III) acid
(HAuCI, - 3H,0) (= 99.9 % trace metals basis, Sigma-Aldrich)
by sodium citrate tribasic dehydrate at the presence of potassium
carbonate; Fe NP were synthesized via reduction of iron (III)
chloride by sodium borohydride. Composition of the

Au/Ag/Fe NP was received via the mechanical mixture of the
water dispersions of silver, gold and iron nanoparticles.

Used NP were specified in size using laser-correlation
spectroscopy (Zetasizer-3, Malvern Instruments Ltd, UK) and
transmission electron microscopy (JEM-1230, JEOL, Japan).
The diameter of silver and gold NP was 30 nm, iron NP — 40
nm. Single metal NP, as well as a made composition, were
characterised as biosafe according to the criteria of genotoxicity
(comet assay), cytotoxicity (MTT-test, crystal violet colour),
mutagenicity (Allium-test) and immunotoxicity (using
peritoneal macrophages of rats) under in vitro tests [23,24].

Statistical Analyses.

All data were presented as the meantstandard deviation
(M#£SD). The significant difference between the two
experimental groups were measured using Student’s t-test and
evaluated with Prism 5.0 software (GraphPad software Inc.,
USA). Distinctions in average means were considered reliable
when the probability of an alternative hypothesis was not less
than 0.95.



Results.

As modeling of adenocarcinoma in situ of the colon lasts for
30 weeks (7.5 months) and a material collection was performed
every 30 days, we divided the terms of the experiment and
process of collection of material into 7 stages (each step
refers to 30 days of the experiment) for the convenience of the
presentation of the results.

Colon histopathology:

The histological structure of the intact animals® colon wall was
typical and had no species features (Figure 1).

Histological analysis of the colon's wall samples showed
minor changes at the first three stages of the experiment (0-
90 days DMH administration) compared with the colon tissue
of control group animals. Histological changes of the colon's
wall in this period of observation were characterized by: the
crypt lumen narrowed due to the accumulation of mucus in
cylindrical epitheliocytes; lympho- and histiocytic infiltration of
the crypt stroma led to an increase of crypts” depth; thickness of
the mucosa slightly decreased because of the crypt's extension;
mucosal folds were thickened due to the stagnation of blood
in the vessels and perivascular edema of the submucosa; an
increase in lymphocytic infiltration of the lamina propria was
noticed.

The severity and progression of destructive changes in the
colon wall increased until the end of the 3™ observation stage
(Figure 2A-E).

The 4" stage of the experiment was a turning point in the
severity of histological changes in affected animals' colon wall:
lymphoid tissue of the solitary follicle began to spread out from
the submucosa to lamina propria, which lead to the extension of
their area; irregular blood filling of vessels with the dominance
of perivascular edema was established in the submucosa layer;
the rice of hyperplasia of solitary follicles lymphocytes was
a specific feature of pathological process development in that
period of the experiment (Figure 3).

PP S——
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Figure 1. Hi
(1), muscularis mucosa (2), submucosa (3), muscular layer (4), serous
tunic (5). Hematoxylin and eosin staining. x 40.
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Structural changes of the colon wall in the 5th — 6th stages
of the experiment were characterized by the desquamation
of surface epithelium with the formation of micro-erosions.
For this period of time, it is also specific that lymphocytes
were spreading by lymphatic vessels with the development of
lymph stagnation. The most significant hyperplasia of solitary
lymphatic follicles and lymph stagnation was observed in
the 6th stage of the experiment. Furthermore, lymphocytic
infiltration was spreading locally to the whole thickness of the
mucosa (Figure 4A,B).

In the 7th stage of experimental cancerogenesis, severe
epithelial dysplasia of the colon's mucosa layer was observed.
The presence of hyperchromatic nuclei and the disorganisation
of epithelium cell rows was a typical feature for violation of
the ordinary microscopic organisation of the colon wall. One
more feature of this term of neoplasia development was the
presence of atypical cells with hyperchromic nuclei of different
shapes and sizes, along with changes in the nuclear-cytoplasmic
ratio towards the nuclei. The integrity deterioration of the
basement membrane was also specific to that period of the
experiment. All the above-described histopathologic features
that developed at the 7th stage of colon adenocarcinoma in
situ modeling corresponded to the classic histological changes
for the development of colon neoplasia in humans: cytologic
atypia, basal nuclei with chromatin condensation around the
nuclear envelope, easily distinguishable nuclei hypercellularity,
hyperchromic nuclei, heterogeneity of nuclear stratification and
loss of polarity [25,26]. Histological analysis did not reveal
such signs of invasive adenocarcinoma as invasion through
the muscularis mucosae/submucosa, differing degrees of gland
formation, desmoplasia.

Based on the facts mentioned above, we can state that
adenocarcinoma in situ has developed in the colon. (Figure
5A,B).
8-iso-PGF2a
samples.

concentration in investigated biological

Serum:

It is important to highlight that level of 8-isoprostanes as
markers of physiological oxidative processes slightly increased
even in animals of the control group because of age progression
of organism (p>0,05).

In the 1% stage of neoplastic lesions modelling this indicator
exceeded the indicator of the control group animals 1.4 times.
On the 2" stage of DMH administration, it exceeded the control
indicator 1.5 times. Starting from the 3™ stage of the experiment
the level of 8-isoprostanes increased significantly, comparing to
the control group: on 3rd month — in 1.7 times, on 4% month —
in 3.7 times, on 5" month — in 4.2 times, on 6" month — in 4.7
times, on 7" month — in 5.04 times (Figure 6).

Colon tissue

The level of 8-isoprostanes physiologically increased
in homogenates of the colon of rats of the control group,
representing ageing reorganization of the body (p=>0,05).

In the colonic homogenates, 8-isoprostanes increased
proportionally throughout the simulation. As a result of the



Figure 2. Microscopic changes of the animals' colon on the 1st, 2nd, and 3rd stages of chronic DMH effect. Hematoxylin and eosin.
A — mucosa (1), submucosa (2), solitary lymphatic follicle (3), full-blooded vessels (4), muscularis externa (5). x 40.

B —crypt (1), goblet cells (2), muscularis mucosa (3), submucosa (4). x 400.

C — mucosal fold (1), crypts (2), edema of the submucosa (3), muscularis externa (4). Hematoxylin and eosin. x 100.

D — crypts (1), ymphohistiocytic infiltration of the lamina propria (2). Hematoxylin and eosin. x 200.

E — crypts (1), lymphohistiocytic infiltration and edema of lamina propria (2). Semithin section. Methylene blue staining. x 200.

follicle (3). Hematoxylin and eosin. x 100.
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Figure 4. Microscopic changes of the animals' colon on the 5th and 6th stage of chronic DMH effect. Hematoxylin and eosin. x 200.
A — desquamated epithelial cells (1), crypts (2), lymphocytic infiltration of mucosa (3), lymph stagnation in lymphatic vessels (4).
B — lymph stagnation (1), lymphocytic infiltration of mucosa (2), crypts (3), desquamated epithelial cells (4).

Figure 5. Histological changes of the animals' colon on the 7th stage of chronic DMH effect. Hematoxylin and eosin. x 200
A — atypical cells of mucosa layer (1), lymphocytic infiltration (2), muscularis mucosa (3).
B — erosion of the mucosal epithelium (1), crypt (2), epithelial dysplasia of the mucosa layer (3).

350
300 =EE

250

wrr
200
150
100
R
.
50 *
0
1st 2nd 3rd 4th 7th

wxE
.
= =
Sth 6th

8-isoprostane level, pg/ml

Control W DMH

Figure 6. Changes in 8-isoprostanes concentration in serum of rats in dynamics of DMH-induced colon adenocarcinoma in situ modelling.

Note. *** - significant changes between the indexes of control and DMH-affected animal group (p<0,001).

* — moderate changes between the indexes of 1* and 7" experimental stages of the control animals group because of the age progression of the
organism (p=>0,05).
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analysis, we were able to track an evident increase in the levels
of this indicator, which indicated the worsening of oxidative
stress. Thus, in the Ist stage of DMH-induced neoplasia, this
indicator exceeded the indicator of the control group animals
2,7 times while in the 2nd stage of DMH administration, it was
3 times higher than the one in the control group. The 3rd stage
of the experiment became a turning point of 8-isoprostane in
colon tissue homogenates level. The indicator began to increase,
compared to the control group, as well as in the case of serum
isoprostane levels. Raise of this oxidative stress marker was
from 3.4 times on the 3rd month to 3.9 times on the 7th month
(*** represents p<0.001) was indicated in the homogenate of
the colon tissue compared to similar indicators of the control
group of animals (Figure 7).

Estimation of the 8-isoprostanes levels in the blood and
colon tissue demonstrated its statistically significant increase
in animals with induced CRC, compared to the control group,
during all terms of the experiment. Due to the above-described
changes, we can state that the development of non-invasive
adenocarcinoma, even in the early stages, is accompanied by the
progression of oxidative stress, and 8-isoprostane is a prominent
marker of redox balance disorders.

Evaluation of the effectiveness of Au/Ag/Fe NPs composition
use in conditions of simulated colon adenocarcinoma in situ
Colon histopathology

Microscopic studies demonstrated a positive effect of the
applied corrective method on the condition of the structural
components of the colon wall under DMH-induced lesion.

The continuous epithelial lining of the crypt's apical portion
with columnar cells without signs of atypia prevails in the

350
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LT
250 I
wEE

200 EEE I
I
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8-isoprostane level, pg/ml
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50

1st 2nd 3rd
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mucous membrane of the examined organ. Crypts are deep
with narrow lumens. The epithelial plate of the crypts was
rich with goblet cells. A slight thickening of the muscular
plate of the intestinal mucosa was also indicated (Figure 8A).
Moderate diffuse lymphocytic infiltration and edema of the
mucous membrane connective tissue and submucosal base were
observed. The submucous base was unevenly expanded with the
loosening of collagen fibers due to edema (Figure 8B).

The state of the hemocapillary bed also improved. The blood
vessels lumens of the colon's wall submucosal base were
moderately full-blooded. Sludge effects were indicated in a
small part of the vessels (Figure 9).

The conducted morphological essay determined that the state
of the colon wall in animals with DMH-induced carcinogenesis
has improved significantly. Its histological composition
corresponded to state inflammatory lesion — chronic colitis
without signs of dysplasia of the covering epithelium and crypt
epithelium after using Au/Ag/Fe NPs composition.

Au/Ag/Fe NPs and oxidative stress

The Au/Ag/Fe NPs composition usage demonstrated effective
antioxidant properties that can help to prevent oxidative damage
progression. This corrective method led to a significant decrease
in the levels of 8-isoprostanes (both in blood serum and colon
tissue) compared with the group of animals with DMH-induced
colon adenocarcinoma in situ. Our results showed no significant
difference in the 8-isoprostane concentrations of the control
group animals with NPs application. (Figure 10).

It was found that the level of 8-isoprostane after correction
of DMH lesions with Au/Ag/Fe nanoparticles significantly
decreased by 1.5 times both in blood serum and in the colon,

EEE

ExE I

g P, I

4th Sth 6th 7th

DMH

Figure 7. Changes in the level of 8-isoprostanes in colon tissue caused by oxidative stress due to the development of organ neoplasia.
Note. *** - significant changes between the indexes of control and DMH-affected animal group (p<0,001).
* — moderate changes between the indexes of I and 7" experimental stages of control animals group because of age progression of organism (p>0,05).
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Figure 8. Histological changes in the colon of chronic DMH effect after the application of the Au/Ag/Fe nanoparticles composition.

A — crypts (1), diffuse lymphocytic infiltration, and edema of the muscularis mucosa (2) and the submucosa (3). Hematoxylin and eosin. x 200

B — deformation of the crypts (1), muscularis mucosa (2), lymphocytic infiltration of the submucosa (3), muscularis externa (4). Hematoxylin and
eosin. x 100.

composition. Arteriole (1) with erythrocytes (2), basophil (3). Semithin section. Methylene blue. x 400.
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Figure 10. Effect of Au/Ag/Fe NPs composition on 8-isoprostanes levels in blood serum and colon homogenates of animals in terms of experimental
carcinogenesis.

Note. *** - significant changes between the indexes of control and DMH-affected animal group (p<0,001).

#it# - significant changes between the indexes of the DMH-affected animal group and animal group with correction Au/Ag/Fe NPs composition
(p<0,001).
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homogenate compared to a similar indicator in the group of
animals without correction.

All described-above changes indicate that the Au/Ag/Fe
NPs usage composition causes the reduction of oxidative
stress manifestations in experimental animals with induced
carcinogenesis.

Discussion.

DMH belongs to the hydrazine group and acts as a potent DNA-
altering agent. DMH is vastly used as a cancer-causing agent
to induce colon cancer in animal models. The subcutaneous
injection of DMH is highly efficient in induced colorectal cancer
in small rodents and has a variety of similar features to human
CRC. Investigation into the progression of colon carcinogenesis
induced by DMH in rodent models provides valuable insights
into the biochemical and histological mechanisms involved in
various stages of colon cancer development. Following a series
of metabolic reactions, DMH eventually reaches the colon and
generates the ultimate carcinogen and reactive oxygen species
(ROS). These substances further initiate the progression of
colon carcinogenesis. The study of preneoplastic lesions and
the histopathological examination of colon tumors induced
by DMH contribute to a comprehensive understanding of this
disease in rodents and humans. DMH-induced CRC has been
studied in large-scale experiments [27], but the step-by-step
development of carcinogenesis from the earliest stages was not
widely and clearly defined.

Understanding the sequential progression of CRC and
examining its morphological development is crucial for gaining
valuable insights into early detection, biochemical mechanisms,
and effective prevention strategies. This comprehensive
understanding serves as a fundamental basis for enhancing
patient outcomes, advancing the field of personalized medicine,
and ultimately reducing the global impact of CRC.

The phased study of CRC morphological development is crucial
for several reasons. First of all, it helps with early detection.
Precancerous lesions and early-stage tumors can be identified
by understanding the sequential evolution of CRC. This aids in
creating efficient screening methods and diagnostic tools to find
CRC at its most curable phases. Patient outcomes and survival
rates are dramatically enhanced by early identification.

The sequential morphological development of CRC may
also be correlated with specific biochemical changes. These
morphological characteristics and the corresponding biomarkers
can be used to create diagnostic or prognostic indicators for
CRC. These biomarkers can help with disease progression
tracking, risk assessment, early identification, and therapy
selection.

Oxidative stress is crucial in various aspects of cancer,
including tumor formation, treatment, and prevention [28].
When the oxidative processes caused by free radicals surpass
the body's antioxidant defense, it can potentially accelerate the
progression of carcinogenesis. The analysis of the data obtained
from the study revealed a correlation between the development
and progression of carcinogenesis in white rats and the presence
of oxidative stress. Several significant findings emerged from
this research. First of all, we observed not only the occurrence
of oxidative stress but also found that the level of 8-isoprostane
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increased in line with the histological changes in the colon's
wall during the development of colon adenocarcinoma in situ.

The use of Au/Ag/Fe nanoparticle compositions has
been a research subject in various fields, including cancer
therapeutics. The administration of silver (AgNPs) and gold
nanoparticles for CRC treatment causes their accumulation in
colon tumors, indicating their bioavailability. The AgNPs and
AuNPs significantly enhanced cellular antioxidant enzyme
levels, including catalase, superoxide dismutase, glutathione,
glutathione peroxidase and reduced lipid peroxidation [15,17-
19]. Gold nanoparticles (AuNPs) have been extensively
studied in the context of different cancer treatments and
are being explored as a potential alternative or complement
to numerous non-specific chemotherapy drugs to enhance
treatment effectiveness while minimizing adverse side effects
[13,14]. Multi-functional AuNPs are highly stable and versatile
scaffolds for drug delivery due to their unique size, chemical
and physical properties. Surface bio-functionalization of AuNPs
offers the potential to target specific cells, thereby facilitating
the destruction of cancer cells [14,19,23]. Iron has many
properties that make it particularly useful in nanoparticle form.
Iron nanoparticles have been extensively researched due to their
low toxicity and a distinctive magnetic characteristic known
as superparamagnetism. Magnetic nanoparticles enclosed
within a phospholipid bilayer, forming liposomes, have shown
significant structural and pharmacokinetic benefits for drug
delivery [16,20].

Many NPs are being intensively researched separately, but
little is known about how they interact together as a composite.
The impact of NPs composition usage depends on a wide
range of variables that must be considered, including the
size, shape, and particular production techniques of the NPs.
Our investigation was also conducted to understand better
Au/Ag/Fe NPs composition on different aspects of colorectal
cancer progression. Although the positive impacts of metal
nanoparticles (NPs) have been noticed, numerous inquiries
have arisen. The first question pertains to the significance of NP
properties in determining their beneficial effects, such as size,
shape, concentration, and so on. The second query concerns the
mechanism through which NPs exert these favorable effects. To
address these inquiries, we conducted an experiment utilising
a carcinogenesis model, which revealed increased levels of
oxidative stress, mirroring observations in humans.

Special attention is paid to the relationship between particle
size and its influence on the organism. It has already been
studied that NPs have size-dependent properties. For example,
small size and big surface areas with different physicochemical
characteristics of NPs may reveal unpredictable genotoxic
properties. Small-sized NPs can penetrate the nucleus and
damage chromatin [29]. Ag NPs with lower than 10 nm diameter
have the potential to bind with the cell walls in Escherichia coli
bacteria and finally lead to cell death [30].

On the other hand, Butler, and Peeler state that the results of
their research with AgNO3 suggest that silver ions are non-
mutagenic [31].

The way of NPs administration also plays an important role.
The oral and intraperitoneal modes of delivery of AuNPs were



shown to have the highest toxicity compared to the systemic
route of administration [32].

Some studies have suggested that certain metal nanoparticles,
including Au and Ag, possess antioxidant properties and can
scavenge reactive oxygen species (ROS) in cells. By reducing
oxidative stress, these nanoparticles may potentially mitigate
the damage caused by ROS and modulate oxidative stress
markers. Additionally, Fe NPs have pro-oxidant properties due
to their ability to generate ROS through Fenton or Fenton-like
reactions [33]. These reactions involve the interaction of iron
with hydrogen peroxide, leading to the formation of hydroxyl
radicals.

The administration of Au/Ag/Fe nanoparticle compositions can
potentially modulate oxidative stress markers and histological
changes in the colon.

Some studies have reported the potential protective effects
of certain metal nanoparticles against oxidative stress and
histological changes in various carcinogenesis models.
However, more research is needed to determine the specific
effects of Au/Ag/Fe nanoparticle compositions in the context
of DMH-induced colon carcinogenesis. It's essential to consider
the nanoparticle dosage, duration of treatment, route of
administration, and potential toxicity concerns when evaluating
their effects on oxidative stress markers and colon histological
changes.

Conclusion.

All mentioned results provide an attractive explanation for
the development of oxidative stress along with carcinogenesis
progression and prove that the Au/Ag/Fe NPs composition has
the potential to alleviate oxidative stress and restore deficiencies.
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