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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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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).
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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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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.

Introduction: The study of acute toxicity is considered an
integral part of any medical substance’s preclinical evaluation.
Changes in the psycho-emotional state are among the important
indicators of the neurotoxic effects of various substances on
animals and humans. Non-conflict methods of research are
gaining increasing popularity as the most humane approaches
with respect to animals, among which methods based on
ethological approaches play a central role.

Materials and Methods: A  nanocellulose-based
biocomposite was used as the implantable material. The study
was conducted on 25 rats and included the formation of a defect
in the mid-diaphysis of the femur followed by filling with
either the biocomposite (10) or an autologous blood clot (10).
Additionally, implantation into soft tissues was performed (5).
The animals were observed for 14 days, during which clinical
symptoms were assessed and open field and elevated plus maze
tests were conducted.

Results: The nanocellulose-based biocomposite did not exhibit
pyrogenic activity when implanted into bone and soft tissues.
Assessment of several behavioral acts and states revealed no
statistically significant differences in locomotor and exploratory
activity between the experimental and control groups. The
analysis of the indicators shows that the tested substance does
not exert an acute toxic effect on the nervous system.

Key words. Nanocellulose, bone, toxicity, open field test,
elevated plus maze.

Introduction.

One of the current priorities in reconstructive orthopedics is
biotechnology. The wide variability of options, ranging from
autologous bone to synthetic biopolymers, highlights the
ongoing importance of identifying an implant that meets all
relevant requirements [1]. A bone substitute is a biomaterial of
human, animal, plant, or synthetic origin that is implanted into
the body to restore and strengthen bone tissue [2,3].

In recent years, nanocellulose (NC) has emerged as one of the
most promising "green" materials due to its unique properties
[4]. However, it is well established that the transition from
traditional bulk-scale objects to nanoscale objects leads to
profound alterations in the physicochemical properties of the
substances. Based on their physical and chemical characteristics,
nanoparticles may induce tissue damage and disrupt the
functions of intracellular organelles, particularly by inducing
inflammatory responses and cytokine release [5].
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The investigation of clinical symptoms associated with the
use of novel compounds, including psycho-emotional status,
represents a critical step in assessing their safety and toxicity,
especially given the potential for neurotoxic effects. Such
studies allow the identification of adverse effects on the nervous
system, which may manifest in both physiological and psycho-
emotional disturbances. Currently, non-invasive behavioral
methods are gaining popularity as the most humane approaches
in animal research, with ethological methods occupying a
central role [5].

Objective: The study aimed to assess the clinical symptoms
of acute toxicity following the implantation of a nanocellulose-
based biocomposite.

Materials and Methods.

Implantation Material:

The production of nanocellulose and the fabrication of a
biocomposite incorporating calcium phosphate were conducted
in collaboration with the Department of Physical and Colloid
Chemistry, Gubkin Russian State University of Oil and Gas
(Moscow, Russia). The biocomposite was provided free of
charge as a nanomaterial for this experimental study.

Animals and Ethics:

The experiment was conducted on 25 outbred male rats
weighing 200-250 grams, housed in the vivarium of NCJSC
Karaganda Medical University. The animals had free access
to food and water (ad libitum). The cages were cleaned
daily, and general cleaning with disinfectants was performed
weekly. All procedures related to animal housing, experimental
manipulations, and data analysis complied with the GOST ISO
10993-11—2021 and GOST ISO 10993-6—2021 standards.
The study was approved by the Local Bioethics Committee of
NCIJSC Karaganda Medical University on September 20, 2022.

Surgical Procedure:

The surgical field was prepared after anesthesia with Zoletil
(0.1 mg/kg). Surgical access was performed on the anterior
surface of the femur with a 10 mm incision length. A defect
was created in the middle diaphyseal third of the femur using
a round drill with a diameter of 2 mm and a depth of 1 mm.
The resulting defect was filled with either a nanocellulose-based
biocomposite or an autologous blood clot, followed by suturing
the postoperative wound.

When using a substance to fill bone defects, there is a risk
of leakage into surrounding tissues and potential implant
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migration; therefore, to comprehensively evaluate the effects,
the impact of the nanocellulose biocomposite (NBC) on soft
tissues must be assessed. A 1-cm incision was made in the rat’s
wither region, followed by biocomposite implantation into soft
tissues (Figure 1).

Experimental animals underwent daily clinical assessment
of their general condition, including monitoring of body
temperature, weight, locomotor activity, and postoperative
wound status.

The total observation period was 14 days. The study design is
presented in Figure 2.

Measurement of body temperature and weight:

The body temperature was measured daily for 2 weeks using
a medical non-contact thermometer. The device was positioned
perpendicular to the surface of the animal during measurement.
The rats’ body weight was measured three times: before surgery,
on day 7, and on day 14 after surgery. The results were recorded
in the observation log.

Open field test:

To assess behavioral responses, the Open Field Test (OFT)
was performed. The field consisted of a circular white arena
with a diameter of 97 cm, a wall height of 42 cm, and floor
openings of 2 cm. The floor was divided into 7 central sectors
(highlighted in blue in Figure 3) and 12 peripheral sectors. The
arena also contained 12 burrow-simulating openings. Each rat
was placed in the center of the arena on a central sector, and
video monitoring was conducted for 5 min.

The OFT was conducted to study rodent behavior in novel
(stress-inducing) conditions and to assess the severity and
dynamics of specific behavioral elements, emotional-behavioral

reactivity (“sedation—agitation”), exploratory/defensive
behavior strategies, habituation, environmental stimulus
memory, neurological deficit symptoms, and locomotor

stereotypy. The parameters listed in Table 1 were recorded
using OFT.

Figure 1. Surgical intervention: A - creation of a femoral bone defect; B - filling of the bone defect with nanocellulose; C - implantation of

nanocellulose into soft tissues.

Group 1 (experimental): 15 rats

1A (n = 10): Implantation of a nanocellulose-based
biocomposite into bone tissue

1B (n = 5): Implantation of a nanocellulose-based
biocomposite into soft tissues

Group 2 (control): 10 rats
n = 10: Bone defect filled with autologous blood clot

(ABC)

Figure 3. Schematic diagram of the open-field test base.
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Table 1. Behavioral Parameters Assessed using the Open-Field Test
(s-seconds, c- count).

Parameter

Latency period of the first movement (s)

Motor activity: horizontal (number of crossed squares), including:
1a) Number of crossed peripheral squares (PS)

18) Number of crossed central squares (CS)

Vertical motor activity (number of rearings on the hind limbs)
includes the following:

2a) Number of peripheral readings (PR)

28) Number of central readings (CRs)

TA =PS + CS + PR + CR, TA = total activity

Exploratory activity (number of holes explored)

Grooming short (c)

Grooming long (c)

Grooming duration, (s)

Defecation acts (number of deaths) (c)

Latency to the entry center (s)

Time spent in the central zone (s)

Time spent in the peripheral zone (s)

Table 2. Behavioral parameters assessed in the Elevated Plus Maze
Test (s-seconds, c- count).

Parameter

Latency of leaving the central platform (CPU)
Total time on the central platform (s)

Total time in closed arms, (s)

Total time in open arms (s)

Number of closed arm entries (c)

Number of entries in the center (c)

Latency of the first open arm entry (s)
Number of open arm entries (c)

Number of head dips in open arms (c)
Grooming in open arms (c)

Grooming in the closed arms (c)

Number of readings in the open arms (c)
Grooming duration (s)

Number of animals reared with closed arms(c)
Number of boluses (defecations) (c)

Elevated plus maze test:

The anxiety and exploratory behavior of the animals were also
assessed using the Elevated plus maze test (EPM) test, which
consisted of two light (open) and two dark (closed) arms arranged
perpendicularly. Rats were placed at the intersection of the open
and closed arms in the center of the maze, facing the open arm.
The EPM is designed to study rodent behavior under conditions
of variable stressogenicity (with a free choice of comfortable
conditions) and allows the evaluation of the following: anxiety
level (based on preference for darkness/light, fear of height, and
the intensity and dynamics of behavior), neurological deficit
symptoms, and habituation. Video monitoring was conducted
for 5 min, during which the parameters listed in Table 2 were
recorded.

Statistical Analysis:

Statistical analysis of the obtained results was performed
using the STATISTICA 6.0 software package (StatSoft, USA).
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The data distribution was assessed using the Shapiro—Wilk
test. The numerical data were processed using the standard
methods of variation statistics with the Student’s t-test. All data
are presented as the mean + standard error of the mean (M +
SEM). Differences were considered statistically significant at
p < 0,05. The nonparametric Kruskal-Wallis test was used to
determine the statistical significance of intergroup differences,
and pairwise comparisons were performed using the Mann—
Whitney U test.

Results.

Analysis of body temperature dynamics:

Body temperature dynamics in laboratory rats were analyzed
over a l4-day period following the implantation of various
materials into the femoral bone and the withers region. A total
of three experimental groups were examined: “1A” — the main
group with nanocellulose (NC) implantation into the femoral
bone (n = 10); “2” — the control group with implantation of an
autologous blood clot (ABC) (n = 10); and an additional group
with NC implantation into the withers region (n =5) — “1B.”.

Body temperature remained relatively stable throughout the
entire observation period in the group with femoral bone NC
implantation. The baseline temperature was 36.2 + 0.04 °C. A
slight decrease in temperature was recorded on day 7 (35.94
+ 0.13 °C), after which the values returned to normal. The
variability of the measurements remained minimal, with the
standard deviation (SD) not exceeding 0.10 °C on most days.

Overall stabilization of body temperature was also observed
in the control group; however, on certain days, pronounced
deviations were recorded. The body temperature decreased
to 35.9 £ 0.04 °C on day 5 and to 35.8 + 0.48 °C on day 8,
accompanied by an increase in SD, indicating interindividual
differences in the responses of the animals. By day 14, the body
temperature had normalized to 36.2 + 0.04 °C.

In the group with NC implantation into the withers region,
the body temperature ranged between 36.0°C and 36.6 °C. The
baseline temperature was 36.1 £ 0.11 °C, with maximum values
recorded on day 13 (36.6 £0.1 °C). On day 12, an increase in SD
up to 0.2 °C was noted, which may reflect individual variations
in response. This group’s temperature profile was characterized
by moderate stability despite the small number of animals.

The obtained results demonstrate that the body temperature of
the animals in all three experimental groups remained within the
physiological norm. However, there were differences between
the groups in the nature of the temperature dynamics and the
degree of variability.

Implantation of nanocellulose into the femoral bone was
associated with the least deviation in body temperature, which
may indicate the high biocompatibility of the material and the
absence of a pronounced systemic inflammatory response.
The transient decrease in temperature observed on day 7
could be related to the recovery process following the surgical
intervention.

In the group with NC implantation into the withers region,
the overall stability of temperature indicators also confirms the
material’s satisfactory tolerability.

A one-way analysis of variance was performed to identify
differences in body temperature among the three experimental



groups. The results showed a p-value of >0,05, which was not
statistically significant.

Monitoring of Body Weight:

Body weight measurements were taken before implantation,
after 1 week, and after 2 weeks in rats from the three
experimental groups: the main group with nanocellulose (NC)
implantation into the femoral bone (n = 10), the control group
with autologous blood clot (ABC, n = 10), and the group with
NC implantation into the withers region (n = 5).

The study results demonstrated that all three groups of animals
exhibited a gradual increase in body weight over the 2 weeks
following surgical intervention. This may indicate the overall
satisfactory health status of the animals and the absence of
pronounced complications, such as inflammatory reactions or
exhaustion, which could have led to weight loss.

In the main group (NC in the femur), the average body
weight increased from 227.8 + 5.16 g to 238.4 + 5.51 g over
2 weeks, representing a gain of 10.6 g. The weight increased
steadily with a moderate standard deviation at all stages,
indicating a homogeneous response. This may be due to the
high biocompatibility of the applied material, the absence of
a pronounced stress reaction in the organism, and the gradual
adaptation of the animals to the implant. The average increase
in body weight in this group was 10.6 g over 2 weeks, which
corresponds to the physiological weight gain in rats during
recovery.

In the control group (ABC in the femur), the body weight
increased from 223.1 +6.03 gto 235.2 + 5.40 g, with a total gain
of 12.1 g. Despite showing a similar trend, the variability of
body weight was somewhat higher after 1 week (SD = £6.42),
which may indicate the diverse individual responses of the
animals to the autologous material or differences in recovery
processes. However, no critical deviations in the BW dynamics
were observed.

In Group 1B, the greatest increase in body weight was
observed—from 241.5 + 18.5 g to 259.5 + 18.7 g (a gain of 18
g).

Comparative analysis showed that the greatest increase in
body weight was observed in the group with NC implantation
into the withers region; however, this group also exhibited the
greatest variability of values. The group with femoral bone
NC implantation demonstrated the most stable body weight
dynamics.

Thus, it can be assumed that nanocellulose implanted into the
femoral bone demonstrates the best balance between stability
and positive body weight dynamics, whereas NC in the withers
requires further study due to the high variability of responses.

A one-way analysis of variance was performed to assess
differences in body weight among the three experimental
groups. According to the obtained data, the level of statistical
significance was p > 0,05.

Open-Field Test Results:

The rats’ locomotor and exploratory activities were evaluated
in the open field test. The results are presented in Table 9.

The Kruskal-Wallis test revealed significant differences
between the groups in several parameters.

The number of crossed squares (PC + CC) differed significantly
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(H = 10.84; p = 0.0044). The highest values were observed
in rats of Group 1B (NC in the withers) (95.7 + 19.6), which
were significantly higher than those in Group 1A (NC in the
femur) (66.8 £ 24.5) and Group 2 (ABC) (53.0 £ 10.3). Similar
differences were found for the number of peripheral square
crossings (H = 10.56; p = 0.005): Group 1B — 84.2 = 14.0;
Group 1A —57.5+22.9; Group 2 -45.9+9.5.

The number of readings:

The number of readings ranged from 5.9 =+ 2.8 in the control
group to 12.0 + 2.0 in rats with NC implantation into the withers.
Despite the upward trend in Group 1B, the differences did not
reach statistical significance (p = 0.106).

The total activity index:

The total activity index (TA) showed significant differences
(H = 12.93; p = 0.0016). The highest activity was recorded in
Group 1B (107.7 + 21.0), intermediate values were recorded in
Group 1A (78.1 £25.5), and the lowest activity was recorded in
Group 2 (58.8 £ 9.6).

Exploratory and emotional behavior:

The number of holes explored was higher in Group 1B (16.7
+ 8.5), but the differences were not statistically significant (p
= 0.17). The indicators of grooming (short and prolonged),
grooming duration, defecation, and time spent in the central
zone did not differ significantly between the groups (p > 0.2).

The Kruskal-Wallis analysis confirmed significant differences
in horizontal and total activity parameters (p<0,05).

Subsequently, pairwise comparisons were performed using the
Mann—Whitney U test.

Barsrepresent mean values + SD for three groups: nanocellulose
implanted into the femur (NC thigh), nanocellulose implanted
into the withers region (NC withers), and autologous blood clot
(control).

Subfigures: (A1) Horizontal activity (A2) Peripheral squares
crossed (A3) Total activity. Statistical analysis using the
Kruskal-Wallis test revealed significant differences (p <
0,05). However, the pairwise t-test did not confirm significant
differences between the groups (all ns comparisons).

Thus, despite the overall differences between the three groups
identified in the multifactorial analysis, pairwise comparisons
did not confirm a significant predominance of any group
individually.

Results of the Elevated Maze Test:

For the indicator of the latency period of the first entry into the
open arm, statistically significant differences between groups
were identified (H = 6.10; p = 0.047). Specifically, rats with
nanocellulose implantation into the withers had the longest
latency period (20.2 + 19.2 s), whereas the control group (3.4
+ 4.1 s) and Group 1A (NC in the femur) (5.9 £ 5.0 s) had
considerably lower latency periods.

Analysis of the “grooming duration” parameter also
demonstrated statistical significance (H = 7.64; p = 0.022). The
highest values were observed in the “NC withers” group (32.8
+ 9.6 s), while in the “NC femur” group (5.1 £ 8.7 s) and in the
control animals (20.4 + 28.8 s), they were substantially lower.

Significant differences were observed in the number of
defecations (H = 7.35; p = 0.025). In the “NC withers” group,



Table 3. Body temperature indicators in group 14 (n=10).

Day Mean + standard deviation Min Max
0 36,2+0,04 36,0 36,4
1 36,4+0,05 36,1 36,6
2 36,4+0,03 36,2 36,6
3 36,2+0,05 36,0 36,6
4 36,2+0,04 36,0 36,5
5 36,4+0,07 36,1 36,8
6 36,3+0,08 36,0 36,7
7 35,94+0,13 35 36,5
8 36,1+0,07 35,9 36,6
9 36,0+0,04 35,8 36,3
10 36,23+0,09 35,9 36,7
11 36,1+0,1 35,6 36,8
12 36,2+0,08 36,0 36,7
13 36,2+0,08 35,9 36,7
14 36,1+0,04 35,9 36,4
Table 4. Indicators of body temperature in Group 2 (n=10).

Day Mean = standard deviation Min Max
0 36,1+0,09 35,8 36,8
1 36,1+0,07 35,7 36,4
2 36,3+0,06 36,0 36,6
3 36,2+0,06 36,0 36,5

4 36,1+0,05 36,0 36,6
5 35,9+0,04 35,7 36,1

6 36,1+0,06 36,0 36,5

7 36,4+0,08 36,0 36,8
8 35,84+0,48 35,5 36,7
9 36,3+0,08 35,9 36,8
10 36,2+0,09 35,7 36,5

11 36,1+0,05 36,0 36,5

12 36,1+0,13 35,1 36,5

13 36,2+0,06 36,0 36,5

14 36,2+0,04 36,0 36,4
Table 5. Body weight indicators in Group 1B (n=35).

Day Mean =+ standard deviation Min Max
0 36,140,11 36,0 36,5

1 36,3+0,06 36,2 36,5

2 36,4+0,11 36,2 36,7

3 36,3+0,14 36,0 36,7

4 36,5+0,09 36,3 36,7

5 36,5+0,09 36,3 36,7

6 36,3+0,13 36,0 36,6

7 36,24+0,07 36,1 36,4
8 36,24+0,06 36,1 36,4
9 36,2+0,09 36,0 36,4
10 36,3+0,1 36,1 36,6
11 36,1+0,1 35,8 36,1

12 36,2+0,2 35,6 36,7

13 36,6+0,1 36,2 36,9
14 36,0+0,1 35,9 36,4
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Table 6. Body weight indicators in Group 14 (n=10).

Day Mean+ standard deviation Min Max
Before the implantation of NC into the femoral bone  227,845,16 210 258
1 week after femoral bone NC implantation 229,5+6,05 210 266
2 weeks after femoral bone NC implantation 238.4+5,51 217 272
Table 7. Body weight indicators in Group 2 (n=10).

Day Mean=+ standard deviation Min Max
Before implantation of the ABC into the femoral bone 223,1+6,03 193 250
1 week after ABC implantation into the femoral bone  224,4+6,42 197 255
2 weeks after ABC implantation into the femoral bone 235,2+5,4 210 257
Table 8. Body weight indicators in Group 1B (n=35).

Day Mean+ standard deviation Min Max
Before implantation of the NC into the withers 241,5+18.5 193 250
1 week after implantation of NC into the withers 245,5+21,1 216 307
i} ::he:rlzs after the implantation of the NC into the 259,5+18.7 230 312

Table 9. Indicators of the locomotor and exploratory activity of rats in the open-field test.

Parameter NC femur NC withers ABC Kruskal-Wallis H-test
Latency period of first movement, (s) 0 0 0 0
Motor activity: horizontal (number of crossed H=10.8415:
squares), including 66,8+24,5* 95,7+19,6* 53+10,3* > ’
p<0,05
1a) number of crossed peripheral squares (PS) 57,5422, 84,0414 45949 5% 1;2(1)062637;
+4.3% = ;
1b) number of crossed central squares (CS) 9.3+4.3 11.545.8* 7.1£3.2% I;I)<(1)06§637’
Vertical motor activity (number of rearings on hind H=4 4838:
limbs), including 10.9+7.6* 12+2% 5.9+2.8% ’ ’
p<0,05
2a) number of peripheral rearings (PR) 10.646.9 1242 56400 H=5,6548;
p>0,05
2b) number of central rearings (CR) 10.9+7.6* 1242% 5.9+2.8% I;z(l)062637;
TA=PS +CS + PR + CR, TA = total activity 78,1425,5% 107,7421% 58,8+9,6* I;:(l)z(;z%g
.. H=3,5737
Exploratory activity (number of holes explored)  |9,2+5,6 16,748,5 9+5,7 p>0.05
. H=1,3786
Grooming short (c) 0,6+0,9 0,5+0,5 2,843,3 p>0,05
. H=1,6075
Grooming long (c) 2,1+3,4 2,75%2 1,9+2,2 p>0,05
. . H=1,1852
Grooming duration, (s) 10,2+7,3 14,5£10,3 10,3+£7,7 p>0.05
Defecation acts (number of deaths) 2,4+2.1 2,5+2.8 2,242.1 1;1;8,3248
Latency to the entry center (s) 119,5+74,9 644333 76,1+74,1 H=2,5902; p>0,05
Time spent in the central zone (s) 28,7+13,1 20,5+13 23,4+12,6 13:3,401271
Time spent in the peripheral zone (s) 271,3x13,1 279,5+13 275,6+13 H=0,9508; p>0,05
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Table 10. Locomotor activity of the rats in the EXM test.

Kruskal-Wallis

Parameter NC femur NC withers ABC
H-test
Latency of leaving the central platform (CPU) 4,742.9 3+£2.9 4,1£2.6 II;I:(? ’095854;
. H=1,8545;
Total time on the central platform (s) 43,6+34,7 65,5+45,3 69,2+41,2 >0,05
.. H=1,1571;
Total time in closed arms, (s) 233,7+47,6 205,7+45,3 214,8+47,7 p>0,05
Total time in the open arms (s) 21,1413.9 28,75£16,3 15+13,6 E:ol o8
Number of closed arm entries (c) 48423 6,242 42425 H=2,1794;
p>0,05.
Number of entries at the center (c) 6,1+4,5 10,244,5 5,8+5.3 11;1:03 ’0156 52;
H=6,1048;
The latency of the first open arm entry (s) 5,9+5,0%* 20,2+19,2* 3,4+4,1%* p<0,05
Number of open arm entries (c) 3,4+2,2 3,2+1,5 2,6£2,9 H=0,8391; p>0,05
Number of head dips in open arms (c) 5,1+4,5 422427 4,7+4,1 H=0,0498; p>0,05
. . H=0,1731;
+ + + ’ ’
Grooming with open arms (c) 0+0 0+0 0,3+0,9 >0,05
Grooming in the closed arms (c) 0,2+0,6 3425 1,3+1,9 H=5,6308; p>0,05
Number of readings in the open arms (c) 0 0 0 0
Grooming duration (s) 5,1+8,7* 32,7549,6* 20,4+28,8* H=7,6445; p<0,05
Number of animals reared with closed arms (c) 8,4+4,5 5,745 7,9+4,7 H=1,3786; p>0,05
Number of boluses (defecations) (c) 0,7+0,9* 2+0,8%* 0,5+0,7* 5:07 ’0354 4
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the value was higher (2.0 £ 0.8) than that in the “NC femur”
group (0.7 = 0.9) and the control group (0.5 £+ 0.7) groups.

Other parameters (time spent in open and closed arms, number
of entries into the center and open arms, rearings, and head-
dipping) were not significantly different (p > 0,05).

The Mann—Whitney U test revealed no significant differences
between the groups (p > 0,05 in all cases) (Figure 7).

Barsrepresent mean values + SD for three groups: nanocellulose
implanted into the femur (NC thigh), nanocellulose implanted
into the withers region (NC withers), and autologous blood clot
(control).

Subfigures: B1. Time in the open arms (s), B2. Time in the
closed arms (s), B3. Time in the center (s), B4. Number of
center entries

The Kruskal-Wallis test revealed significant differences
between the groups (p < 0,05). However, the Mann—Whitney U
test did not confirm statistically significant differences between
groups (all comparisons ns).

The Kruskal-Wallis test revealed significant differences
between the groups (p < 0,05). However, pairwise comparisons
using the Mann—Whitney U test did not show significant
differences (ns in all cases).

Discussion.

Body temperature is a complex indicator of the thermal state
of an animal. Laboratory warm-blooded animals can maintain a
relatively constant internal temperature. The thermoregulation
mechanism is based on the dynamic balance between heat
production and heat dissipation, which is controlled by
central regulatory mechanisms [6]. An increase or decrease in
temperature is an indicator of physiological distress caused by
the action of the investigated substance in the organism [7].

As a rule, animal body temperature is recorded per rectum;
however, a simple, accessible, and safe non-contact method
was selected for daily and non-stressful measurements. The
results of daily thermometry demonstrated that the animals’
body temperature remained within the physiological norm in all
three experimental groups. Therefore, the nanocellulose-based
biocomposite does not exhibit pyrogenic activity.

Measurement of body weight revealed a positive trend of
weight gain in all groups, indicating that the investigated
substance had no effect on metabolic processes in the organism.

Analysis of the results from ethological tests demonstrated that
nanocellulose implantation influenced the locomotor activity of
rats, as confirmed by the overall Kruskal-Wallis test outcome.
Due to inadequate sample size, it was not feasible to ascertain
which groups differed, the observed effects are tentative and
require cautious interpretation.

In the open field test, the highest levels of horizontal and overall
activity were observed in the withers region of the group with
nanocellulose implantation, which may indicate a reduction in
anxiety and increased motor activity. Simultaneously, the group
with implantation in the femur demonstrated intermediate results,
whereas the ABC group exhibited the lowest locomotor activity.
The lack of statistical significance in pairwise comparisons is
likely attributable to the limited sample size and high variability
of individual behavioral responses. The minimal surgical burden
and the absence of involvement of the musculoskeletal system
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in the group with nanocellulose implantation in the withers
allowed these rats to demonstrate the highest motor activity.
The increased activity in Group 1B is likely due to the absence
of discomfort and functional limitations in the limbs, rather than
a reduction in anxiety. Therefore, including a group with soft
tissue implantation appears necessary for an accurate assessment
of biocompatibility. The development of this response involves
various brain regions, with the prefrontal cortex, striatum,
hippocampus, and nucleus accumbens regulating locomotor
activity in rats [8].

No publications describing the use of the open field test
following the implantation of a substance into bone tissue were
found. However, the effect of the surgical intervention itself in
this test was evaluated in the study by Sharipova V.Kh. et al.,
where recovery of locomotor activity was observed regardless
of the type of transplantation [9].

The EPM test is used to assess locomotor activity related to
anxiety and exploratory behavior in rodents and to register the
main neurobiological mechanisms underlying fear, anxiety,
and learning, memory, and emotionality processes in rodents
subjected to biochemical or other interventions [10]. In the
EPM test, prolongation of the latency period and an increase
in the number of defecation boli are traditionally interpreted
as indicators of heightened anxiety in animals [11]. Moreover,
an increase in grooming duration in rats may reflect a more
pronounced stress response and altered emotional state. Thus,
a set of responses was observed in the “NC withers” group,
indicating increased anxiety accompanied by changes in
coping behavior. In contrast, the “NC femur” group and the
control group showed lower levels of these parameters and less
pronounced stress-induced behavioral manifestations. Despite
the differences identified by the Kruskal-Wallis test, the
statistical significance of the parameters was not confirmed by
pairwise comparisons using the Mann—Whitney test.

The results indicate that the localization of nanocellulose
implantation may exert some influence on the emotional and
behavioral profiles of animals. Further studies with a prolonged
observation period and an increased sample size are required to
confirm the identified trends, as well as histological examination
of organs, including the brain, to determine the presence or
absence of a neurotoxic effect following NC implantation.

Nanocellulosehasrecently emergedasoneofthemostpromising
“green” materials owing to its unique properties, including
biocompatibility, biodegradability, and high mechanical strength
[12,13]. Depending on its origin, this polymer is classified
into three types: nanocrystalline, nanofibrillated, and bacterial
[14]. NC biocompatibility is attributed to its three-dimensional
nanofibrous network structure, which facilitates cell penetration
and proliferation. In a toxicological analysis, De Loid G.M. et
al. demonstrated no significant changes in serum biomarkers,
hematology, or histomorphometry between the control group
and rats administered an NC suspension [15].

Several authors have also highlighted nanocellulose as a
promising drug delivery system for antibacterial agents owing
to its large specific surface area, good mechanical strength, and
rigidity [16,17]. For example, Bundjaja et al. demonstrated
that the adsorption capacity of nanocrystalline nanocellulose



and its modified form toward tetracycline ranged from 13.97
to 18.11 mg/g (at 60 °C). They also evaluated the efficiency
of antibiotic release kinetics from the biopolymer—18.28% at
pH 3 and 55.49% at pH 7 [18]. Several studies are currently
in the preclinical stage, and further in vivo investigation of
drug release is required [19,20]. To fully assess the presence
or absence of toxic effects of NC, determination of lethal doses
and histological examination of organs are necessary [22, 23,
24], also a study of the antimicrobial potential in infectious
aggravation [25].

Conclusion.

When implanted into bone and soft tissues, the nanocellulose-
based biocomposite does not exhibit pyrogenic activity.
Evaluation of a range of behavioral acts and states—such as
rearing with and without support, grooming, hole poking,
crossing of central and peripheral sectors, and various temporal
parameters—revealed no statistically significant differences in
locomotor and exploratory activity between the experimental
and control groups (Kruskal-Wallis H-test and Mann—Whitney
U-test, p > 0,05).

Future studies are planned to investigate the parameters
of general clinical and biochemical blood analyses, as well
as organ and system morphological examination, to assess
potential systemic toxicity.

Limitations.

Insufficient sizing makes it difficult to clearly determine which
deviations are at work, so the effects obtained are preliminary
and should be treated with caution. This study did not have a
control group for the soft tissue implantation group. Also, only
acute toxicity was examined, while the implanted substance
must remain in bone tissue for a long time.
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