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This manuscript presents a protocol designed for the comprehensive investigation of early life stress (ELS) out-
comes and a feasibility study conducted with this protocol. ELS alters normal development by interfering at various
levels: hormonal changes, brain cellular architecture, epigenome, and chromosomal structural elements. The proto-
col combines classic behavioral tests with advanced molecular techniques to obtain comprehensive data and thus
uncover the underlying mechanisms of ELS. In this protocol, the main source of stress is maternal separation. Briefly,
a group of C57Bl/6 mice undergoes maternal separation; then, mice perform the radial maze test and the resident-
intruder test. As a control, another group of mice stays undisturbed and performs the same behavioral tests in the
same timeframe. After the behavioral tests, biosamples are collected, including urine for corticosterone measure-
ments, peripheral blood, hippocampus, amygdala, and prefrontal cortex tissues for DNA isolation and its down-
stream analyses (DNA methylation profiling and telomere length measuring), and whole brains for immunohisto-
chemistry analysis of the glucocorticoid receptor density. This protocol was successfully tested as a feasibility study
for a large-scale investigation that addresses potential flaws to establish a robust methodology. This paper reports on
a comprehensive approach to examining multiple aspects of development that interrogates a holistic analysis of mul-
tilayer and multidimensional data and may contribute valuable insights for both animal and human studies.
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B naHHO# MeTOaAMYECKOM cTaThe ONKucaH pa3paboTaHHbI HAMU 3KCIIEPUMEHTAIbHBINM MTPOTOKOJI A5 KOM-
MJIEKCHOTO U3Y4YeHMUs TOCIeCTBUI paHHero nocTHaTaiabHoro crpecca (PITC), a Takke pe3ybTaThl €ro anpo-
Oaln My Ha MaJiolt BEIOOpPKE XXMBOTHBIX. MexaHu3Mbl BausHus PITC Ha opraHu3M NPOSIBISIIOTCS Ha pa3MUHbIX
YPOBHSIX: TOPMOHaJbHOM, TEHOMHOM 1 Ha YPOBHE KJIETOUHOI apXUTeKTYypbl Mo3Tra. [IpoToKona coueTaet B cede
MaTepUHCKYI0 aenpuBaluio kak moneab PIIC, knaccuueckue nmopeaeHYECKME TECThHl U COBPEMEHHbIE MOJIe-
KYJSIpHbIE METO/IbI, UTO MTO3BOJISIET MOJYYUTh MHOTOMEPHBbIE JaHHbIE, HEOOXOAUMBbIE IJIs1 U3YYEHUST MeXaHU3-
moB PIIC. Bkparie, onna rpyrnma meimat C57Bl/6 moasepraeTcs aernpuBaium ¢ 3-ro 1Mo 14-it meHb XW3HU;
yepes IBe HeleJU MPOBOJSITCS TECThI MJIs1 OLIEHKU paboueit maMsaTH (JaOMPUHT) U COLIMAJIbHOTO B3auMOIei -
CTBUS («pe3UAEHT-UHTPYAEP») C aKLIEHTOM Ha ypoBeHb arpeccuu. KoHTposbHas rpymmna mbiieit, 6e3 PITIC,
BBITOJIHSIET Te XK€ MOoBeJeHUeCKre TeCThI B Te Ke cpoKu. 1o 3aBeplIeHNI0 TECTOB OCYILECTBIIsIeTCS cOOp OMO-
00pa3LoB: Mouya JJIsI U3MEPEeHUs] YPOBHSI KOPTUKOCTEepOoHa; Nnepudepuueckas KpoBb, TKaHU TUIIIIOKaMIIa,
aMUTIaabl U npedpOHTAILHONM KOpPHI A5 aHanu3a npoduieit Metunuponanust JHK u niun Tenomep; 3adpuk-
CUPOBAHHBIN B BOCKE MO3T A MMMYHOTMCTOXMMMYECKOTO aHajau3a IUIOTHOCTU TJIIOKOKOPTUKOUIHBIX
peuentopoB. [IpoTokos ObLI ycremrHo anpooupoBaH. B rinaBe «O6cyxkaeHus» MOAPOOHO OMUCaHbl BO3HUK-
1IMe MpoOJaeMbl M MPEATOXEHBI IYTU UX pelleHUs ISl ONTUMU3aluM MpoToKoaa. PazpaboTaHHBII MPOTOKOI
MO3BOJISIET MPUMEHSITh KOMIUIEKCHBINA MOAXOJ K M3y4YeHUI0 pasznuuHbiXx nociaeactsuit PIIC mocpenctBom
aHaJiM3a MHOTOMEPHBIX JaHHBIX, a TakKXe MOJYYUTh pe3yJbTaThl, KOTOPble MOTYT OBITh TPAHCIMPOBAHbLI Ha
YeJ0BEUYECKYIO TTOMYJISILIUIO.

Karouesvte caosa: ctpecc B paHHEM BO3pacTe, pabouast aMsITh, )KUBOTHBIE Mojied, [ MToTagaMo-runodusapHo-
aJIpeHOKOPTUKAJIbHAS CUCTEMA.

®unancHpoBanue. DTO McceqoBaHNE ObLUTO MOMIEPKaHO TPAHTOM, BBITAHHBIM HalMoHaTbHBIM MHCTUTYTOM JIETCKOTO 3I0POBbS U
pazButus 4denoBeka lOnuc Kennemu Illpaiieep (NICHD) XbrlocToHCKOMY yHUBepcuUTeTy UM Texacckomy LieHTpY mist M3ydyeHus
Paccrpoiicts O6yuyenust (PSOHDO052117, PI: Ixek dnetuep).

baaronapruoctu. ABTopbl mnpusHaTeabHbl Ojbre bypenkoBoit (JlabopaTtopusi MelicoHa, kKadeapa HMHTErpaTUBHON OWOJIOTUM,
Yausepcuret ['yanbda), @atun Atpoos u Camunre Canum (PapMalnieBTUIECKHiT KOJUTEIK XbIOCTOHCKOTO YHUBEPCUTETA) 32 TIOMOIIb
B TTOJITOTOBKE U MPOBEACHUN OIMUMCAHHBIX 9KCIIEPUMEHTOB, a Takxke Diinany Hukoncy, Hoanbs Hryen, Xapunu Kanamapaanynu u By
Ben-Banb (cTyneHTaM XbIOCTOHCKOTO YHUBEPCHUTETA) 3a ITOMOIIb B TIPOBEICHUH SKCITEPUMEHTa MAaTePUHCKOM eI pUBAIIU.

Jlna muraTei: Pazpaborka v peanusalusi MPOTOKOJA MOBEACHYECKOro 3KCIEPUMEHTA JUJISI OLIEHKM KOTHUTUBHBIX CITOCOOHOCTEN U
COLIMAJIBHOTO TIOBEJCHMSI MBIIIIE TTOCe cTpecca B paHHEeM Bo3pacTe |[DnekTpoHHbIN pecypc| / .B. Xadwuzosa, O.}0. Haymosa,
9.J1. Jlones I1I, E.JI. I'puropenko // CoBpeMeHHas 3apybexHasi ncuxosorus. 2024. Tom 13. Ne 1. C. 78—91. DOI: https://doi.
org/10.17759/jmfp.2024130107

79



Xaguszoea I'.B., Haymosa O.10., Jlones D.JI 111, Ipueopenxo E.JI.
PaspaGotka u peanusaist IpOTOKOJIA IIOBEAEHUYECKOTO
SKCIIEPUMEHTA JIJIsI OLIEHKM KOTHUTUBHBIX CIIOCOOHOCTEIA. ..
CoBpeMeHHas 3apy0eskHasl [ICUXO0JIOTUSI.

2024. Tom 13. Ne 1. C. 78—91.

Khafizova G.V., Naumova O.Y., Lopez A.L. 111, Grigorenko E.L.
Experimental Design and Behavioral Testing Protocol for the
Evaluation of Cognitive Abilities and Social Behavior in Mice...
Journal of Modern Foreign Psychology.

2024. Vol. 13, no. 1, pp. 78—91.

Introduction

Early life stress (ELS) events have the potential to adverse-
ly impact future life outcomes in regard to health and social
well-being. Whereas evidence exists that there is a connection
between ELS and later developmental outcomes, the mecha-
nisms underlying them remain unrevealed. Studying ELS in
the human population is complicated due to ethical reasons
and the challenge of conducting research with human sub-
jects. Therefore, it is important to develop studies that inter-
rogate this connection in animal models to derive biological
mechanisms that can be translated to the human population.
There are numerous and diverse negative ELS effects that
impact later development in mice that have been shown pre-
viously, such as deficits in working memory [5], telomere
shortening [16; 21], alterations in the structure and function-
ing of certain brain regions, including those related to the
hypothalamic-pituitary-adrenal (HPA) axis—a major neuro-
endocrine system that controls reactions to stress and regu-
lates many body processes [18; 30], hyperactivation of the
HPA axis in response to acute stress [17], and alterations in
DNA methylation of a neuron-specific glucocorticoid recep-
tor (GR) gene Nr3cl [20; 21], among others. GR, binding
glucocorticoids (cortisol in humans and corticosterone in
mice), is the primary mediator of feedback regulation in the
HPA axis. These effects have also been registered in humans
but only at the level of associations.

This study pursues several aims. First, it aims to create a
new combination of behavioral tests and a wide range of bio-
logical markers that will allow for a comprehensive analysis and
an enhanced understanding of the ELS outcomes at different
levels (psychological, physiological, and genomic). All tests
and biosample collections in this study are designed so that the
results can be subsequently connected to the relevant human
studies. Second, this study aims to improve our experimental
design and establish a robust protocol by conducting a feasibil-
ity study before launching a larger-scale investigation. Such a
step is important since all model studies involve animal sacri-
fice, and it is the investigator’s responsibility to reduce the
number of animals used in research. Executing a feasibility
evaluation of the protocol allows researchers to identify poten-
tial flaws, enabling timely adjustments and the more efficient
utilization of animals. We believe that implementing this pro-
tocol on a full-sized cohort of animals will empower our search
for mechanisms that are behind adverse outcomes of ELS at
the level of epigenetics, physiology, cellular architecture of the
brain, and structural elements of chromosomes, in addition to
the behavioral outcomes. Thus, in this feasibility study, we
model the causal effects of ELS exposure on multi-faceted
aspects of mouse development to shed light on similar mecha-
nisms of exposure to adverse childhood experiences in humans.

Materials and Methods

Animals
Animal housing was provided by the Animal Care
Operations (ACO) department at the University of Houston
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(UH) in accordance with national laws and requirements
for the care and use of animal subjects. All procedures per-
formed with animals during this study are approved by the
UH TACUC protocol PROT0202100004.

Laboratory-inbred C57B1/6 mice (Mus musculus) were
used as the main subjects in this study. Pregnant nulliparous
females were purchased from The Jackson Laboratory
(Headquarters Bar Harbor, Maine, U.S.). Animals were
delivered at the facility on GD15 (gestational day) and gave
birth on GD19.5 according to established timelines [31].
Litter sizes were approximately 4—35 pups, which is slightly
less than an average size of 6.6 pups per nest for this strain
[12]. In total, we collected 14 pups from three females.

Laboratory-inbred CD-1 mice (Mus musculus) were
used as residents in the social defeat paradigm. Animals
were purchased from Charles River Laboratories
(Wilmington, Massachusetts, U.S.), and the strain was sup-
ported by breeding in the ACO department at the University
of Houston. Only males were used in this experiment.

Upon arrival, female pregnant C57BI/6 mice were
housed individually in a male-free colony room. Mice
were kept individually in standard polypropylene venti-
lated cages (IVC) (Optimice®) with a solid floor, under
controlled temperature (21°C) and humidity (27%) with
12/12 h light-dark cycle (lights on at 7 am). Animals had
access to bedding and nesting material; water and food
(standard rodent chow) were provided ad libitum. Pregnant
dams were checked daily, and the day of parturition was
designated as postnatal day (PND) zero, PNDO. It can be
challenging to determine the exact day of birth if cages are
not checked every other hour; for example, one may miss
the birth of the litter if it is only checked once in the
morning. It is more suitable to check mice several times a
day to accurately stage mouse pups. Additionally, to
clearly distinguish between PNDO and PND1, the follow-
ing indicators were used: to label pups as PNDO0, we
observed the presence of blood and placental fragments
on the bedding and whether pups were scattered through-
out the cage. To label pups as PND1, we assessed if pups
had already been retrieved to the nest and that the bedding
was free from blood and placental fragments. After deliv-
ery, one of the dams was assigned to the control group,
and two dams were assigned to the MS group.

Maternal separation

The MS is a commonly used model of ELS. For this
experiment, the MS procedure was designed based on an
established protocol [10], with the difference being the time
at which it was performed. Although various periods of the
day can be used for separation, morning hours might be
preferable in rodents due to circadian fluctuations in stress
hormones and associated basal levels of anxicty and stress.
MS itself causes stress, especially a long one, so it is recom-
mended to perform it in the morning hours when the basal
level of stress is lowest in mice [7; 10]. For this procedure,
two adjoining rooms were used to avoid additional stress on
the animals from being transported through the hall and
encountering visual, olfactory, and auditory stimuli. Only
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investigators involved in this experiment and technical staff
were allowed to enter both rooms, trying to keep the number
of visits to a minimum.

Starting at PND3 to PNDI14, MS litters were sepa-
rated from randomized dams for three hours per day,
starting at 9:00 am and ending at 12:00 pm. First, dams
were removed from the home cage and placed in a novel
‘temporary’ cage (regular IVC) with fresh bedding and
nesting material, food, and water. Then, the ‘temporary’
cage was taken to the adjoining room to exclude olfactory
or ultrasound vocalization exchanges between dams and
their pups. After dams were taken, pups were individually
placed in novel polypropylene boxes with fresh bedding
separated from their littermates. Boxes were placed on a
heating pad maintained at 37 . Photos of pups were taken
daily with the flash turned off. These visual materials
were used to quantify animal general development based
on such milestones as eye-opening and hair growth [6].
After three hours, pups were placed back in their home
cages without disturbing the nest. To complete the proce-
dure, dams were returned to their home cages. During the
whole separation period (PND3—PNDI14), the same
‘temporary’ cages were used. In the control group, pups
were left undisturbed with their dams until weaning at
PND21, with the exception of routine cage cleaning.
Cages were cleaned once in two weeks, and for MS fami-
lies, nesting material was changed at PND2, PND?9, and
PND16. At PND21, all pups were weaned and housed in
groups of 3—5 per cage. At PND28, pups received ear
tags. Starting from PND31 to PND36, pups were weighed
daily; starting from PND34, all mice were food-restricted
to 70% of the daily ratio.

Behavioral assessments

The MS protocol was followed by the radial maze test
and social defeat (SD) test to study the working memory
and self-regulation of the stressed as compared to unstressed
animals. Although the mouse model of SD includes a
physical confrontation component, its psychological com-
ponent has some similarities with receiving social evaluative
threats from the Trier Social Stress Test performed in
humans [26]. The eight-arm radial maze was used to evalu-
ate working memory, and the SD paradigm was used to
assess the stress reactivity. Behavioral tests were performed
from least invasive (the maze) to most invasive (SD), sepa-
rated by 6—7 days to allow the animals to recover. All tests
were videotaped for subsequent behavioral scoring using
ANY-maze camera and software (Stoelting Co, USA).
Behavioral testing was conducted starting at 9:00 am and
ending at 12:00 pm. All animals were taken to the testing
room one hour before the beginning of testing and allowed
to recover after transportation. A soundproof, ventilated
cabinet with daylighting (Med Associates Inc, USA) was
installed in the room to isolate waiting animals from the test
subjects and to minimize the auditory and visual stimulation
they received. Blood and brain collection was performed on
the same day as the SD paradigm (PND46 and PND47,
four mice each day).
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Radial arm maze test

A working memory test was performed using the eight-arm
radial maze protocol [14] with modifications. First, the habit-
uation phase took place for one day instead of two, and sec-
ond, there were no learning days. A one-day habituation phase
is considered sufficient time for rodents to become familiar
with the new apparatus and save time [18; 27]. Learning days
were eliminated as the original paradigm used by Stanojevic et
al. (ref) was applied to studying long-term memory, and,
therefore, animals needed to be trained; this training was
needed for our experiment, as we studied working memory.

The apparatus consists of eight identical arms (5 cm
width, 35 cm length, 9 cm height) extending radially from
an octagonal platform (Stoelting Co, USA). A camera was
placed right above the apparatus to record the experiment.
The test was performed in two phases: a habituation phase
on Day 1 (PND38), which consisted of one exploratory trial
that lasted ten minutes to prepare animals for the maze
where the food pellets were placed at the end and entrance
of all eight arms. The main phase at PND39 consisted of
one trial that lasted five minutes, where one food pellet was
placed at the end of an arm (once selected at random); the
arm and the location of the pellet were fixed for all mice. In
each main phase, the mouse was placed on the central plat-
form and allowed to move freely. An arm entry was counted
when all four animal paws crossed the entrance of the arm.
Re-entry in a previously visited baited arm is considered a
working memory error. After the completion of each test,
the apparatus was cleaned with 70% Ethanol.

Social defeat paradigm

A resident-intruder test was performed according to a
previously developed protocol [7] with the difference that,
in our study, the procedure was carried out once, without
repetition, since we aimed to create acute stress. C57Bl/6
mice at PND46 and PND47, weighing 16—21 g, served as
experimental subjects. CD-1 male mice, which are dis-
tinctly larger than experimental subjects, served as residents.
Residents were housed singularly. C57BL/6 mice were
introduced into the home cage of an unfamiliar CD-1 male
mouse for a 10-minute interaction. Each CD-1 male was
subsequently used two times with two different C57Bl/6
mice before being replaced by the next resident. Each CD-1
mouse performed only two times a day. After the interac-
tion, the mouse was returned to its home cage.

Urine collecting for corticosterone measurement

Before interacting with the CD-1 mouse, each C57Bl/6
mouse was placed in a novel transparent polypropylene box
without bedding material for 10 minutes. This was enough time
for a mouse to urinate. Urine was collected into a 1.5ml tube.
The same was done after the interaction. The box was cleaned
between sample collections. All samples were placed on ice
right after being collected and then placed for long storage.

Blood collecting for methylation profiling
Blood was collected using intracardiac puncture as a
terminal procedure. The mouse was anesthetized using an
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isoflurane vaporizer (SomnoSuite, Kent Scientific) and
placed on its back. After opening the chest, a 22-gauge
needle was inserted slightly to the left at the base of the ster-
num, directed toward the animal’s head and parallel to the
table. Blood was collected in 2ml tubes with Ethylene
Diamine Tetra Acetic acid (EDTA) to prevent blood sam-
ples from clotting.

Brain sectioning for methylation profiling and telomere

length analysis

Mice were decapitated using scissors right after blood
collection. The skull was opened, and the brain was
quickly removed and placed in a cooled Stainless-Steel
Coronal Brain Matrix (Kent Scientific). The Matrix was
placed on a cold metal block to maintain a low tempera-
ture. All instruments were also cooled before the proce-
dure. The brain was rapidly washed in cold 1X RNase-
free Phosphate-Buffered Saline, PBS (Hygia Reagents,
San Diego, USA), and three sections were cut out. Based
on the map designed by Heffner et al. [13], we took sec-
tions 7—8 for the hippocampus, 5—6 for the amygdala,
and 2—3 for the prefrontal cortex. The hippocampus and
amygdala tissues were cut from the corresponding sec-
tions; for the prefrontal cortex, the whole section was
taken. All brain tissues were rapidly collected in 1.5ml
tubes, immediately placed on ice, and then stored
at —80°C until subsequent processing. Brains from 4 mice
were sectioned.

Postnatal days

(PND)
3
Maternal separation

14

working memory test
38 < Habituation )
39 C test )-—\ _
46

social defeat test
47

Sample type

behavioral
statistics

Brain dissection for immunohistochemistry (IHC)

After blood collection, transcardiac perfusion was per-
formed according to the protocol designed by Wu and col-
leagues [29]. We followed this protocol starting from the
“Transcardiac perfusion with saline” without any modifica-
tions, so, therefore, we refrain from describing the proce-
dure in detail here. After brain samples were fixed in 4%
PFA, they were dehydrated by being placed in 70% Ethanol
for 30 min, then placed in 90% Ethanol for 30 min, and
finally placed in 100% Ethanol for 1 hour. After dehydration
in alcohol, brain samples were placed in an Xylene Substitute
(Sigma-Aldrich) for 90 min and then placed in melted par-
affin for 4 hours. Finally, samples were infused with melted
wax and left to dry. Brains from 4 mice were processed for
subsequent IHC analysis.

Results

In this feasibility study, we designed and executed a pro-
tocol for the evaluation of cognitive abilities, specifically
working memory, and social behavior, specifically social
interaction, in mice following ELS due to repeated mater-
nal separation (Figure 1).

The entire protocol took 49 days from delivery to
sacrifice. Fourteen pups from three families entered the
protocol. On PNDS5, one pup was lost due to maternal
cannibalism. Female rodents are known to eat their litter

Analysis

establishing behavioral

ga

|

»<_whole brains>—,_>

patterns

video >

l
|

corticosterone measurment

DNA methylation profiling and
telomere length analysis

immunohistochemistry analysis

Fig. 1. Workflow diagram
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due to various reasons [2]. On PND?20, one pup died in
the MS1 nest and was removed from the cage. Pups in
both MS nests developed slower than normal, according
to the Jackson laboratory’s visual materials on typical
development (see https://oacu.oir.nih.gov/system/files/
media/file/2021-02/jaxpupsposter.pdf). For example,
eyes were supposed to open on PNDI11-12, but in our
experimental group, it occurred on PND?20.
Unfortunately, during the separation stage of the experi-
ment, we could not compare pups in the MS nests with
pups in the control nest since the litter had to remain
undisturbed until PND21. Visual analysis performed on
the day of weaning (PND21) showed that pups in the
control nest were more active and larger in size com-
pared to pups in both MS nests. On PND27, four more
pups died, one from the MS2 nest and three from the
MSI1 nest; thus, the whole litter from the MS1 nest was
lost. For the C57BL/6 strain, 76.6% is the average sur-
vival rate before weaning in the absence of stress [27],
while our average rate for both groups is 53.3%. The
mortality rate we encountered was unexpectedly high.
Perhaps this can be explained by the prenatal stress expe-
rienced by the mother during extended transportation
from the vendor to our ACO facility. In the Discussion,
we propose several options for solving transportation
problems.

Due to the losses incurred, at the beginning of the
behavioral experiments, the MS group consisted of three
males and the control group consisted of 4 females and one
male. Pups in both groups were underweight according to
the weight data provided by the Jackson Laboratory
(Table 1). The radial maze sessions were performed with
eight animals. Mice in both groups re-entered the baited
arm during the main trial, which means they conducted a
memory error. However, a larger number of animals in
both groups is needed to carry out adequately powered
statistical analyses.

Using ANY-maze software allowed us to obtain a wide
range of data, such as the number of entries in each arm, the
duration of the visits, and various behavior reactions such as
freezing, immobilization, and escape attempts. Thus, in
addition to assessing working memory, complex behavioral
patterns may be analyzed based on the data obtained from
this test. Despite the small sample size, a variety of individ-
ual behavior patterns were noted. For example, some mice
actively explored the maze, while others were not eager to
engage in any explorations. And there was one animal that

regularly tried to escape by jumping out. The SD test was
performed with four animals: one male and one female were
randomly selected from the control, and two males were
selected from the MS group. Although there were single acts
of aggression (biting) demonstrated by resident CD-1 mice,
all C57BL/6 animals showed no signs of subordination.
After the defeat, typical behavior includes sideways or
upright submissive postures, withdrawal, fleeing, lying on
the back, or freezing [3]. We recorded chasing, olfactory
contacts, and single bites in experimental animals when the
resident demonstrated high-quality aggressive bouts (defined
as repetitive attacks [1]). The social defeat paradigm is a
well-established behavioral test, yet its implementation is
challenging. To successfully conduct the SD paradigm,
many specific details must be taken into account.
Importantly, in this feasibility study, we observed details
presented in the Discussion that need to be considered in
the main study.

The SD test was followed by urine collection. Urine
samples will be used for corticosterone measurement using
the enzyme-linked immunosorbent assay (ELISA) meth-
od. After the SD test mice were sacrificed, the blood and
brain specimens were collected. Blood samples were fro-
zen; they will be used for DNA extraction. Brains were
distributed into 2 sets for different types of analysis: the
first set included 4 whole brains (2 from MS mice and 2
from the control group) and was allocated for IHC analy-
sis. The second set also included 4 brains (1 from MS and
3 from control mice) and was assigned for DNA extrac-
tion. DNA from both blood and brain will be used, first for
telomere length analysis using the PCR method and sec-
ond — for epigenotyping, so we will get methylation pat-
terns for subsequent analysis. A full analytical plan for
different types of data is shown in Figure 2.

We did not experience data loss in this study, but this may
be due to the small number of animals. In larger studies,
data loss could occur due to various reasons in each of the
tests, taking into account the number of different types of
data collected (i.e., behavioral, hormonal, (epi)genetic, and
neurobiological).

Discussion

In this study, we designed and evaluated the feasibility of
an experimental protocol that combines classic tests to

Table 1

Weight gain dynamics. Average weight + standard deviation is shown, with values for the single male excluded
in the control group. Values for the “Jackson Lab” columns were taken from the vendor’s website

(https://www.jax.org/jax-mice-and-services/strain-data-sheet-pages/body-weight-chart-000664)

PND Females (grams; * st.dev) Males (grams; * st.dev)
Control nest Jackson Lab MS nest Jackson Lab
31 12.5+1.29 14.7+ 1.8 11.7+ 3.5 16.5 £ 2.6
35 13.5+2.1 17.8 £ 1.1 13.3+£2.5 20.7 £ 1.8
47 17 £ 0.58 18.75 £ 0.95 17.7 £ 2.1 22.75 £ 1.65
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Fig. 2. The experiment roadmap. A) Dam with litter. At this stage, the number of pups in a litter is evaluated; litters with less than
3 pups are excluded from the protocol; B) During the MS, developmental milestones (eyes opening, ear positioning, and hair growth)
are tracked; C) In radial maze test the number of re-entries in the baited arm for each animal is counted; D) In SD test the number
and duration of attacks is noted, as well as specific submissive poses. Urine samples are collected and processed for the enzyme-linked
immunosorbent assay (ELISA) to measure the amount of corticosterone in a sample; the ELISA is performed according to the
protocol described in [4]; E) Blood sample is collected using cardiac puncture for subsequent DNA extraction followed by telomere
length analysis using a quantitative real-time PCR (the protocol is described in [16]), and epigenotyping via genome-wide DNA
methylation array. Prior to the brain tissue collection, the MS and control animals are randomly assigned to two groups for 2 different
downstream analyses of the target brain regions — amygdala, hippocampus, and prefrontal cortex: (1) immunohistochemical analysis
(see Methods, [29]) of GR density according to the manual described in [14], and (2) DNA extraction followed by the telomere length
measurement and DNA methylation profiling using the above molecular genetic techniques

study the behavioral outcomes of ELS with modern meth-
ods of molecular analysis to reveal possible mechanisms
underlying these outcomes at different levels: hormonal
changes, DNA methylation patterns, cellular architecture
of the brain, and structural elements of chromosomes.
While most research in this area focuses on specific targeted
changes that occur because of ELS, we propose a protocol
for a comprehensive analysis combining multiple tests and
biomaterials that potentially respond to MS. The utilization
of a combination of tests, previously used individually or in
other frameworks, can lead to new insights. While all ele-
ments of this protocol have been used in previous publica-
tions [7; 10; 14], we believe that this particular combination
of tests is unique and, therefore, valuable.

In our study, mice repeatedly visited the baited arm in the
maze test, which indicates deficits in working memory and
self-regulation. Working memory is known to share an over-
lapping neural circuit with the HPA response to psychological
stress [33], and ELS is one of the reasons for alterations in
HPA functioning. In search of the molecular signatures of
these alterations, we are planning to study methylation pro-
files of genes involved in the HPA development and function-
ing. For that purpose, we will use DNA extracted from the
blood and brain samples of MS and non-MS mice. One of
the target genes is Nr3cl, which codes the GR receptor that
binds corticosterone. We plan to study not only the Nr3cl
methylation pattern but also the GR receptor’s density in
brain structures related to HPA. If a reduced density is
observed, it could explain the persistence of corticosterone
levels in response to acute stress, which was shown for rodents
after ELS [23]. Corticosterone levels will be evaluated as well
using the urine samples collected after the SD test.

One of the aims of this study was to determine potential
flaws in the designed paradigm and its implementation and
perform the needed troubleshooting. We have encountered
several difficulties that we believe are worth discussing so that
they can be successfully resolved. First, we noticed a slightly
reduced body weight and survival rate of pups in both the MS
and control groups. Reduced birth weight has been shown to
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be one of the outcomes of prenatal stress during the second
half of pregnancy in rodents [19]. While the maternal HPA
axis response to stress is significantly attenuated during the
second half of pregnancy [19], the stress in later gestation
stages in mice still could have led to undesirable conse-
quences. In our case, all three pregnant dams were trans-
ported from the vendor to the ACO facility at 13-15 gestation
days, which is almost the end of pregnancy (it usually lasts
19.5 days) for the C57BL/6 strain. The vendor experienced
an unexpected technical delivery delay that might have
caused extra stress for the dams. Although such technical
problems cannot be avoided entirely, we would suggest
ordering dams at 8—9 days of gestation, approximately in
the middle of pregnancy, and requesting that mice are not
transported on weekends or holidays to avoid additional
travel time. Maintaining a mice colony in the local ACO
facility may also be a solution to this problem. Reduced birth
weight could also explain the increased mortality of the pups
across all nests. Perhaps in the future, it would be worth
excluding from the protocol the pregnant dams that experi-
enced problematic delivery. However, if such mortality is
observed during the experiment and it is not related to hous-
ing conditions, then little can be done. Switching to a less
susceptible mouse strain may be an option.

The second difficulty concerns the social defeat para-
digm that we performed. As recommended [1], larger CD-1
resident mice were selected in comparison to intruder
C57BL/6 mice. However, the size dominance was not suf-
ficient to challenge the experimental mice. In the future, we
plan to introduce several additions to the current version of
the protocol. First, we will preliminarily select CD-1 mice
with consistent levels of aggressive behavior and of a much
older age than C57BL/6 mice [1]. Next, an additional
variation of the SD test designed for female mice will be
introduced to our study. The classical version of the SD
paradigm includes only males, as they tend to demonstrate
aggressive behavior, but our aim is to acquire data on the
ELS-driven social behavior changes for both males and
females. Today, several modifications have been developed
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for the SD protocol, as the need to include females in
rodent social stress models is growing. Instead of an adult
CD-1 male, a retired breeder adult male can be used as a
resident for encountering a female intruder. A retired male
is less likely to perform mating behavior and more likely to
attack a female [7]. Lactating females could also be used as
residents [22; 25; 32], as well as females housed with cas-
trated males [11].

Third, in our initial experimental design, we selected
urine collection over peripheral blood, as both bioliquids
have been successfully used for corticosterone measurement
[4; 9], and urinary and serum corticosterone levels have
been shown to correlate [28]. In our future experiments,
urine collection will be used as a less invasive procedure that
permits repeated sampling without causing extra stress.
Moreover, during this feasibility study, a baseline for corti-
costerone was not measured, which will be carried out in a
full-fledged study.

Of note is that this study does not present the statistical
analysis of the data. This is due to the following: (1) there
was a small number of animals in each group (3 and 5 mice)
and (2) these groups were not sex-balanced. These limita-
tions will be resolved in a study with a larger number of
animals, which will also allow us to connect the data more
adequately with human studies involving participants of
both sexes. For the full-fledged study, a between-group
comparison of animals with and without MS will be per-
formed in terms of their learning, social behavior, and bio-
logical markers, taking the sexes into account [15].

Yet, the successful execution of this feasibility study
demonstrates that this protocol can be transferred to a
larger-scale project while maintaining the timeline. The

KpaTtkoe u3j0KeHne CofepkKAHUA CTATHH
HA PYCCKOM SI3bIKE

BBenenne

Ctpecc, IepeXXUThI B paHHEM ITOCTHATATEHOM IIePHO-
Ie >KU3HU (paHHUI TTocTHaTanbHEI ctpece, PITIC), oka-
3bIBACT HETAaTUBHOE BIMSHME Ha TOCIEAYIOIIee pa3BUTHE
OpTraHu3Ma, 4TO OTpaXkaeTcsl Ha KOTHUTUBHBIX CIIOCOOHO-
CTIX (HampuMmep, HapylleHHe paboueil maMsTu [5]) m Ha
COLIMAIbHOM TIOBEACHMU (HAIIpUMEpP, CHIDKCHUE KOMMY-
HUKATUBHOCTU U IIPOSIBJICHUST aHTUCOIIMAIBHOTO TTOBEIe-
Hus). buomormueckue addexkts PIIC mpossisiorcs B
MOphOoDYHKIIMOHABHBIX HAPYIICHUSIX B pse OTIEIOB
TOJIOBHOTO MO3Ta, TAKMX KaK aMUTIajia, TUIIIOKAMITyC 1
npedpoHTanbHag Kopa [18; 30], reHOMHBIX TTepTypOalnsIx,
TaKUX KaK M3MEHEHME SIUTeHeThYecKoro mpodus [20;
24] m cokpaieHue mIuHbBI TesoMep [16; 21], n B ropMo-
HAJIBHBIX M3MEHEHUSX, TaKMX KaK YBEIMYCHUE YPOBHS
KOPTUKOCTEpPOHA B IIa3Me KPOBU B OTBET Ha cTpecc [17].
HecmoTpst Ha oOuiMe JaHHBIX 00 OTAEIBHBIX 3 deKTax
PIIC Ha nocnemytonee pa3BUTHE OpraHU3Ma, MEXaHU3MBbI,
JIeXXalle B OCHOBE 3TUX 3(p@EeKTOB, Ha CETOXHSIITHUI
JIeHb OCTAIOTCST MAJIOM3YICHHBIMMU.
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feasibility study took 49 days from delivery to sacrifice.
According to our estimates, an optimal workflow includes
4 litters (up to 24 pups) simultaneously, so scaling for larger
studies may unfold as follows:

1. While the first set of 4 litters undergoes MS, an order
for 4 pregnant dams should be placed so they are delivered
near the end of MS.

2. When the first set is weaned and left to grow (for
approximately 2 weeks), the second set of 4 litters is ready
for MS.

3. When the second set of litters is weaned and left to grow,
the first set can perform behavioral experiments. Thus, the
researchers have two weeks to conduct the maze test and the
SD test and to sacrifice animals. Having completed this first
round, they can engage the second set of mice. As a result,
nine weeks are needed to process approximately 50 mice.
This number can be increased if there are multiple rooms for
MS, behavior rooms, and enough personnel.

Conclusion

To date, numerous animal protocols have been devel-
oped to study the consequences of ELS (primarily, MS),
most of which focus on specific outcomes, such as changes
in DNA methylation profile [20; 24] or brain anatomy [8].
We believe that the proposed integrated approach combin-
ing a broad range of behavioral and molecular tests has a
greater, compared to fragmented protocols, potential to
uncover mechanisms underlying the effects of ELS and can
significantly improve our understanding of the connection
between ELS and later developmental outcomes.

M3ydeHre mocieacTBUil paHHETO HETaTUBHOTO OITHITa
Ha pa3BUTHE OPraHM3Ma B YEJIOBEUYECKON IMOMYJISLIUMU
3aTPYOIHEHO M3-3a STMYECKUX MPUIMH U CIOXHOCTH IPO-
BEICHMSI MCCIeIOBaHUI ¢ ydacTueM Jjoneir. ITostomy
BaXKHO pa3pabaTbiBaThb peJieBAHTHBIE XMBOTHBIE MOJAEIU
[UISL BBISIBJICHUSI OMOJIOTMYECKUX MEXaHU3MOB, KOTOpPBIE
MOI'YT ObITb IIEPEHECEHBI HAa YEJIOBEYECKYIO MOMYIISIIUIO.

Pa3paboTka MpoTOKOJIa TAKOIO KMCCIEIOBAHMS, KOTOPOE
BKJIIOYAET IIOBEJEHUYECKME TECThl M HabOp OMOMApKEpOB,
MU3y4eHNE KOTOPBIX MO3BOJIUT IIOJYYUTh PE3YJILTATHI, aleK-
BAaTHO TPAHC/IMPYEeMble Ha 4YEJIOBEUECKYIO IIOIMYJISLUIO, U
SIBIISIETCSI OHOM M3 Liejiell JaHHOTO UcceaoBaHus. Bropas
LIeJIb COCTOUT B TOM, YTOOBI O0bEAMHUTh PA3IMYHbIE TECThHI U
OMOJIOrMYecKe MapKepbl B €IUHbI HabOp IapameTpos,
KOMILIEKCHBIM aHA/IM3 KOTOPbIX MO3BOJIUT MPUIATH K GoJjiee
IJIYOOKOMY TTOHMMaHMIO chCTeMHBIX 3¢ dekroB PIIC u nx
KOTHUTUBHBIX W TIOBEACHYECKUX ITOCICACTBUIA. B maHHOIM
METOIUYECKOM CTaThe B AETAJISX OIMCAHBI pa3paOdOTaHHbIA
HaMU 9KCIIEPUMEHTAIBHBIA IIPOTOKOJI, 4 TAKXKE Pe3yJIbTaThl
€ro peaju3alyy Ha IpOOHOM 3aIlyCKe ¢ Majioil BHIOOPKOM
JKMBOTHBIX. B paszese ¢ pesyabraTaMiy IepeyrcaeHbl CI0X-
HOCTM, BO3HMKIIIME I10 XOAy peaiu3aly IIPOTOKOJIA, a B
pasnenie «O0CYXIeHMS» MIPUBEAEHBI BO3MOXKHbBIE CIIOCOObBI
PEeLLEHUST JAHHBIX CJIOKHOCTEIA.
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Marepuajsl 1 MeTopl

B kayecTBe MOIEIbHBIX KMBOTHBIX JAHHOTO 3KCHEPU-
MEHTa TOCIYXWIM MbIKM MHOpeaHoit yuHun CS57Bl/6.
B ocHOBy mpoToKkojia 3ajJioXeHa 4YacTO MCITOIb3yeMast
monenab PIIC — npnurtenvHast (TpexdacoBasi) IempuBaLivst
IIOTOMCTBA OT MaTepH, KOTOpast ITPOBOIMIIACH C TPETHETO 110
YeThIpHAAUATBIN IeHb )KU3HU MbIat [ 10]. B akcnepumeHTe
Y4aCTBOBAJIM JBE TPYIIIbI MBIIIAT — TIepBasi IPyIIa Iepe-
JKMBaJia IETIPUBAlIMIO, BTOPYIO TPYITITY MBIIIAT HE TPEBOXKM -
JIX 32 MCKJTIOUEHUEM PYTMHHOM YMCTKU KJIETKU, KOTOPYIO
MPOBOAWIIMA Pa3 B IBe Hemeslu. [lajee Moapociiie MblaTa
(Bo3pactoM 5,5 Hedenb) U3 OOEUX TPYMIl YYacTBOBAIU B
TecTe JJIsT OLIEHKM KayecTBa MX paboueil aMsITh ¢ UCITOJIb-
30BaHMEM TPAIUIIMOHHOTO BOCHBMMIIyYEBOIO JJAaOMPUHTA U
MUILEBBIX TpUMaHOK [14]. CriycTd 1ecTb AHEN TPOBOIUIN
TECT «PEe3UACHT-UHTPYAEeP» ISl OLIEHK! COLIMAJIbHOTO B3aU-
MOJIEHCTBUS (C aKLIEHTOM Ha YPOBEHb arpeccuu) ¢ caMliaMu
Mbliieit uHopenHoit nuauu CD-1 [7]. [lo u nociie ;aHHOTO
TecTa poBoIUIM coop Moun. [IpoBeneHre BCeX MOBEICH-
YeCKHUX TeCTOB (hbMKCUPOBaIM Ha BuUIeo. I1o oKoHYaHUU
TECTOB MPOBOIWIM 3200l MBIIIEH ¢ MCHOIb30BaHUuEM 4%
u3odopaHa U TPOM3BOAWIN cOOp OMOMAarepuasioB —
00pa3110B KPOBU 1 TOJIOBHOTO MO3ra. Y MOJOBUHbBI KUBOT-
HBIX MO3T Hape3ajyd Ha CEeKIMW, BbIpe3as TI'MIIIOKaMII,
aMUTIaTy U Ipe®POHTATILHYIO KOPY C ITOC/IEAYIOIIUM BbIzIe-
JnenueM reHoMHoi JIHK wu3 mepeuyucieHHBIX OTAENIOB
Mo3ra. Y BTOPOM MOJOBMHBI KUBOTHBIX MO3T TIPOMBIBAJIN

BO3pacT
(cyTkn)
3
Jenpusauus
NOTOMCTBa OT
marepu
14 arep

oueHKa paboyeit namaTu

38 ( npmBbIKaH1e )
39 C Tect )—

46
TECT «pe3unaeHT-

WHTpYZAep»
47 ——1

maTepuanbl u
AaHHBIe

OBe,D,EH‘lECKM o
AdHHble
BMAEO
| — < moa >——
_I—> KpOBb
< TKaHU MO3ra >
MO3[

docdatHbIM OydepoM U 3aTeM — pacTBOpoM mnapadop-
Manbaeruaa sk buKcaluy TKaHel W TOCenyIoeil moj-
TOTOBKU K TTPOBEICHUIO UMMYHOTHCTOXUMHUUYECKOTO aHaAJIM -
3a. Ha ocHOBe JaHHBIX MaTepUAIOB MPEAIOIaraeTCs u3yde-
HUE IIUPOKOTO CHEeKTpa OUOJOrMYEeCKUX IOoKa3aTesei:
YPOBHSI KOPTMKOCTEPOHOB B MOU€, TUIOTHOCTH TTIOKOKOP-
TUKOMIHBIX PELIENTOPOB B TKAHSIX TOJIOBHOTO MO3Ta, U3Me-
peHue JUTMHBI TeJIOMep U OIpeesieHue TOTHOTEHOMHBIX
npodwieit MetuupoBanus JITHK B kieTkax nepudepuye-
CKOI1 KPOBM M TPEX OTIIEJIOB TOJIOBHOTO MO3Ta: TUITITIOKAMIIa,
aMUTIATBI 1 IpepOHTaTbHOM KOopbl. OObeIMHEHNE ITUPO-
KOTO CIEKTpa TMOBEACHUYECKUX W MOJIEKYJISIPHBIX TECTOB
TO3BOJISIET TIPOBECTU KOMIUIEKCHBINM aHamu3 3P deKToB
paHHEro cTpecca, MPOSIBIISTIONINXCST Ha Pa3TMYHBIX YPOBHSIX
B OpraHusMe.

Bce mpotienypbl, BHITIOJHEHHBIE C XKUBOTHBIMU B XOJIe
JIAaHHOTO MccleaoBaHusI, on00peHbl potokoaoM TACUC
PROTO0202100004.

Pe3yabTaThi

PazpaboTaHHbBIli HAMU TTPOTOKOJI TTO3BOJISIET OLIEHUTH
KOTHUTUBHBIE CIIOCOOHOCTH, B YAaCTHOCTH pabovyio
MaMsITh, ¥ COIMATIbHOE TOBECHNE, B YACTHOCTH YPOBEHD
arpeccuu, y Mbiieit nocie PIIC (puc. 1).

Becy mpoTtokos 3aHss1 49 AHEW OT POXIEHUS OO0
3a00s. B mpoTtokon Bctynuiau 14 MmbiliaT, OJHAKO Ha

dHaNu3

pa3paboTKa mogenei
noeeAeHUA

M3MepeHue ypoBHA
KOPTMKOCTEPOHA

M3MEPEHUE AAWHBI TENOMED U
onpeaeneHne NONHOreHOMHbIX
npodunein metunmposaHua JHK

UMMYHOTUCTOXUMUYECKUIA
dHa/n3

Puc. 1. Cxema 3KCcIIepUMeHTa
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MNATHIA TeHb OOWH AETEHBIII ITOTHO BCIIEACTBUEC MaTe-
pUHCKOIro KaHHuOaJu3Ma. TOYHYIO MPUUYUHY TUOeau
YCTaHOBUTH OBIJIO HEBO3MOXKHO; U3BECTHO, YTO KAHHU-
06annu3M y caMOK TPBI3YHOB IPOSIBISIETCS MO Pa3jind-
HbBIM TMOBOJAM, B TOM uucjie Ha ¢oHe ctpecca [2].
Hanee moru6Jo euie 5 AeTeHbIIei, TaKUM 00pa3oM, B
MOCEAYIOINX dTarax 3KCIepUMeHTa yJyacTBOBaIM &
mbieit. Juasg nuanun C57BL/6 cpeaHmii moxasaTesib
BBIKMBAEMOCTU K 21-My OHIO XMU3HU IPU OTCYTCTBUM
cTpecca coctapisieT 76,6% [27], Torma Kak Hall cpej-
HUI mokKasareib IJjisg o0eux rpymnm cocraBuia 53,3%
(33,3% — nng ctpeccupoBaHHbIX Mbiiieii; 100% — s
HE CTpecCUpOBaHHBIX). MpillaTa B 00eux TIpymnmnax
OTCTaBaJIM TI0 CKOPOCTU Habopa MaccChl Tejla B COOTBET-
CTBHMU C JaHHBIMHU, IIpeIOCTaBJIeHHBIMHU JlabopaTopuein
J>KeKcoHa (https://www.jax.org/jax-mice-and-
services/strain-data-sheet-pages/body-weight-
chart-000664). Kpome TOro, CorjacHO BU3yaJbHbIM
Mmatepuanam Jaboparopuu JIxkekcona (cm. https://
oacu.oir.nih.gov/system/files/media/file/2021-02/
jaxpupsposter.pdf), MbIaTa B 06eux IpyIirax pa3BuBa-
JINCh ¢ OTCTaBaHWEM OT HOpMBI. Hammpumep, oHU 101K~
HBI OBIJIM OTKPBITH TJIa3a Ha OAWHHAAIIATHI-IBeHaAlIa -
THIM OeHb XKU3HU, OJHAKO B 00CUX TPYMIIaX 3TO IPOU-
301IJI0 TOJIbKO Ha ABaAATHIN AeHb. [Ipn 3TOM oCcMOTD,
MpPOBENEeHHBIN B 21-if IeHb, MOKa3aj, YTO IEeTCHBIIIN,
KOTOPHIX He OECITOKOMJIN B IIepBHIC IBE HEACIN KU3HU,
OBLTHN 00Jice aKTUBHBIMU M KPYITHBIMHY ITO CPABHEHUIO C
JIeTeHBIIIaMU, ITIePEKUBITNMU ASITPUBAIIMIO OT MaTCPH.

B xome skcrieprMeHTa ¢ MCIIOJIb30BAHWEM BOCHMILTY-
YEBOro JIAOMPWHTA MBI M3 OOCUX TPYIII JOIYCKaIn
OIIMOKM, TIOBTOPHO TIOCeIasi pyKaBa, COIepXKalue Mpu-
MaHKy, 4TO TOBOPUT O HapyIIeHMUSX (YHKUMI pabodeit
mamsatu. OMHAKO CenyeT y9ecTh, YTO 9KCIEPUMEHT pOo-
BOOWJICS Ha MajJioOM 4YHCJIe XWBOTHBIX, ITO3TOMY IS
TTOCTPOEHUST BEIBOJIOB HEOOXOAMMO ITOBTOPEHUE IKCTIEPH -
MEHTa C aJeKBaTHOW BBIOOpKOW. B xome mpoxoxkmeHus
MBIIIIBIO JTAOMPUHTA Ha BUACO (PUKCHUPOBAIM Pa3TMIHEIC
MOBeIeHYECKNE peaKlM, TaKue KaK 3aMHpaHKe, TMMO-
OuIM3alMsl U TONbITKU modera. Takum oOGpa3om, MOJy-
YeHHbBIE B 9TOM TECTE MaHHbBIE ITO3BOJISTIOT HE TOJIBKO Olle-
HUBAaTh pabouyio MaMsITh, HO M aHAJTU3UPOBATh CIIOXHEIC
MOJIeJV TTOBEACHUSI.

B mpoBeneHHOM TecTe «pe3UIEHT-UHTPYIEP» MBIIIN
C57BL/6 He mposIBIASIM IMPU3HAKOB MOAYMHEHUSI, IPHU
3TOM CO CTOPOHBI Mblllieil CD-1 ObUIM OTMEUYEeHbI eAUHUY -
HBIe aKThI arpeccud (YKycol). K HOpMaJbHBIM TTpU3HAKaM
TMIOOUYMHEHHST OTHOCSIT MPUHSITUE TTOKOPHOM IO3BI, YXOI-
0ercTBO, MPUHSITHE TTO3HI JIeXKa Ha CITMHE WJIU 3aMUpaHNe, B
TO BpeMsl KaK arpecCHio OTPEIESIIOT TT0 TOBTOPSIIOITMCS
atakam [1; 3]. B xome skcrnepuMeHTa Mbl 3apUKCUPOBAIU
npeciaenoBaHre, OOOHSTEbHbBIC KOHTAKTHl M OJWHOYHEIC
YKYCHI, a TAKXKE TTOBTOPSIIOIINECS aTaKu.

ITpoBeaeHMe MpOOHOTO 3aITycKa MPOTOKOJIA TTO3BOJIMIIO
BBISIBUTH €TO CJa0ble MeCTa, KOTOPHEIE OYIyT YUTEHBI TP
JajbHee moarotoBke K akcnepuMmeHTy. IloapobHoe
OITMCAaHME PEIIeHUS] BO3HUKIIUX IPOOJeM MPUBEICHO B
cJIeTyIolel TJIaBe.

87

Oo0cyxkaenue

Hamu Obin paspaboTaH 3KCHepUMEHTANbHBIN TTPOTO-
KOJI, KOTOPBIIi COYeTaeT B cebe KJIaCcCUUECKUe IOoBeIeHYC-
CKHE TECThI C COBPEMEHHBIMU METOJaMU MOJEKYJISIPHOIO
aHaJIM3a U CIIYKUT JJIsT BBISIBJICHUST BOBMOXHBIX MeXaHU3-
MOB, Jexalux B ocHoBe nocienctsuii PITC. B xone peanu-
3allMM JAHHOTO MIPOTOKOJa BO3HUK PsIIl TPYIHOCTEI, KOTO-
pbie, KaK Mbl CYMTAEM, CTOMT OOCYIUTh, YTOOBI MX MOXHO
OBLIO YCIEIIIHO Pa3pellnTh B TalbHEIIel padoTe.

Bo-1epBbIX, MBI 3aMETUJIM OTCTaBaHUE B HAOOPE MaCChl
TeJla U TTOHMKEHHYIO BBDKMBAeMOCTh MbIat. CHIDKEHUE
MaccChl Tejla TIPU POXKIECHUU SIBJISIETCS OMHUM U3 TIOCJIe/-
CTBUIA ITpEHATaJIbHOTO CTPecca BO BTOPOI ITOJIOBUHE Gepe-
MEHHOCTH y TPbI3yHOB [19], 4TO TakKe MOIJIO CTaTh MpH-
YUHOM CHMIKEHUSI BBDKMBAeMOCTH. B Halem ciydae y
MOCTaBIIMKA BO3HMKJIA HEOXWIaHHaAs TeXHUYECKast
3a/iepKKa IOCTaBKM, KOTOpasi MOIJIa BBI3BAaTh JOMOJIHU-
TeJIbHBIN CTpecC y OepeMeHHbIX caMoK. [ToHuMast HeBO3-
MOXHOCTh FapaHTUPOBAHHO M30eXaTh MOJOOHBIX TEXHMU-
YeCcKMX MpoOJeM, MBI TIpeuiaraeM 3aka3biBaTh CaMOK Ha
8—9-M nHe 6epeMEHHOCTU U TaK, YTOObI TPAHCITOPTUPOB-
Ka He MPUXOAWIACh Ha BBIXOIHbIE WIIM ITPa3THUYHbIE THH,
yTOOBl M30eXaTh MOIOJIHUTEIBHOTO BPEMEHU B ITYTH.
Pemrenuem aToit mpoOaeMbl TaKXKe MOXET ObITh MOAACP-
>KaHMe KOJIOHWM MBIIIE B MECTHOM BHUBapuu. Bropoii
HEIOCTaTOK KacaeTcs TecTa <«PEe3UACHT-UHTPYIEP».
CornacHo pexkoMmeHaauuu [1], mbimu-pe3uaeHTsr CD-1
3HAYUTEJIBbHO MPEBOCXOAWIM TI0 pa3Mepy MBIIICH-UHTPY-
nepoB C57BL/6. OmHako 3TOro IapaMeTpa 0Ka3ajloCh
HEJI0CTaTOYHO JIJIsI TIPOSIBJICHUSI arpecCuu, B CBSI3U C 4eM
MBI TJTaHUPYeM MOIUGUIIMPOBATH TEKYIIYIO BEPCHIO TIPO-
TOKOJIa. Bo-TIepBbIX, H00ABUTH MPEABAPUTEIIbHBIM OTOOD
Mbimieit CD-1, mpeBOCXOOSIIMX IO BO3PACTy MbIIIEH
C57BL/6, 1 neMOHCTPUPYIOIIUX CTAOUIBLHO arpeCCUBHOE
noseaeHue [1]. Bo-BTophiX, 100aBUTH BapUaHT TecTa IJIs
caMmok. Kitaccuueckasi Bepcusi TecTa «pe3UJIEHT-UHTPY-
Jiep» BKJIIOYAET TOJBKO CaMIIOB, OMHAKO Il ITOJTHOIICH-
HOM TPaHCISIUMM HAIMX Pe3YyJIbTaTOB Ha YEIOBEUYECKYIO
MOMYJISILIMIO HAM XOTEJI0Ch ObI MOJYYUTh JaHHbIE 00 N3Me-
HEHUSX COLIMAJIbHOIO ITOBeAeHUs, Bbi3BaHHBIX PIIC, mis
NpejacTaBuTesIeil 0boux 1mosioB. Tak, COracHoO JIUTepary-
pe, Ui IPOBEICHUS TeCTa «PEe3UACHT-MHTPYIep» C yda-
CTHMEM CaMKM MOXHO MCIIOJb30BaTh BO3PAaCTHOIO CaMIia,
KOTOPBII C MEHBIIIE BEPOSITHOCTBIO OY/IET IeMOHCTPUPO-
BaTh ITOJIOBOE MOBEAEHHWE M C OOJblIei BEPOSITHOCTHIO
HamazeT Ha camKy [7]. B kauyecTBe pe3naEHTOB Takxke
MOTYT MCIOJIb30BaThCs KOpMsIUe caMKu [22; 25; 32| unu
CaMKH, KOTOPBIX COMEPKAT C KACTPUPOBAaHHBIMM CaMIlaMU
[11]. st usmMepeHust ypoBHSI KOPTUKOCTEPOHA 0 U MOCe
MPOBEICHUST TeCTa Ha arpeccuio ObUIM COOpaHbl 0Opa3iibl
MouM. OOBIYHO [JI MOJOOHOTO aHajlu3a MCIOJb3YIOT
nepudepruecKyto KpoBb WK Mouy [4; 9] 1 mokazaHo, 4TO
YPOBHM KOPTUKOCTEPOHA B MOYE 1 CBIBOPOTKE KPOBU KOP-
penupytot [28]. Hain BeiOOp ompeaensieTcs: TeM, 4To cOop
MOYM SIBJISIETCSI HEMHBA3UBHOM ITPOLICIYPOIl U TTO3BOJISET
MPOBOIUTH MHOTOKDPATHBIN 3a00p TpPoO, HE BBHI3bIBAs Y
MBIIIEH TOMOJHUTEILHOIO CTpecca.
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BoiBoabl

Ha cerogHsiirHuii 1eHb pa3paboTaHO MHOXKECTBO MPO-
TOKOJIOB [Uis1 u3ydeHus nociaeactsuii PITC, 6onbnHCTBO
U3 KOTOPBIX SIBJISIIOTCS y3KONPOMUIBHBIMU, T. €. OHU
HalleJIeHbl Ha M3y4eHUe KOHKPETHOIO HeOIaronpusiTHOrO
HMCXOJa, HallpUMep M3MEHEeHUs B Mpoduiie METUIUPOBa-
Hus JHK [20; 24] nnu pazButre MophoGyHKLIMOHATBHBIX
HapylieHuii mo3ra [8]. MBI cunTaeM, 4YTO MpeaToKEHHbII

HaMU UHTETPUPOBAHHBIN MTOAXO] UMEET ropa3no 00IbIINiA
MOTEHIUAT JJIsI KOMILIEKCHOTO W3YYeHUS MEXaHU3MOB,
JIeXXalllUX B OCHOBE pa3auyHbIX 3¢ dexkToB PTIC, mockoib-
Ky OH TO3BOJISIET BBICTPOUTH CETU B3aMMOCBSI3€E Ipolec-
COB, MPOUCXOMSIIMX Ha Pa3HbIX YPOBHSIX B OpTaHU3ME.
TakuM oOpa3oM, MpuUMeHEHHE pa3pabOTaHHOTO HaMU
MPOTOKOJIa TTIOMOXET HaM MPUOJU3UTHCS K MOHUMAHUIO
0COOEHHOCTE! pa3BUTUSI OpraHuU3Ma, IEepeXUBIIETO
CTpecc Ha HA4YaJIbHOM 3Tarle KU3HU.
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