Foton M-3
Russian-US Collaborative ""Regeneration 11" and ""Gecko H"
Experiments Proposal

by
Eduardo Almeida Ph.D
NASA/US Science Team

Eduardo Almeida, Ph.D., NASA, and University of California San Francisco, Principal
Investigator

Jonathan Phillips, Ph.D., NASA Co-Investigator

Esther Hill, Ph.D. NASA Co-Investigator

Ruth Globus, Ph.D., NASA and University of California San Francisco, Co-Investigator

Hisataka Kondo, Ph.D., NASA Co-Investigator

Nancy Searby, Ph.D., NASA Co-Investigator

Tore Straume, Ph.D., NASA Co-Investigator

Hami Teal, Ph.D., Scientist, NASA Co-Investigator

Russel Turner, Ph.D., Oregon State University, Corvallis, Co-Investigator

Russian Team

Victor Mitashov, Ph.D., Russian Principal Investigator "Regeneration™

Eleanora Grigorian, Ph.D., Russian Co-Investigator "Regeneration”

Elena Domaratskayaya, Ph.D., Russian Co-Investigator "Regeneration™

Sergei Saveliev, Ph.D., Russian Principal Investigator "Gecko"

Victoria Gulimova, Ph.D., Russian Co-Investigator "Gecko"

Introduction

The two major sources of concern for living organisms in space, especially outside of low
earth orbit (LEO), are microgravity and space radiation effects, neither of which can be easily
mitigated with current technology and engineering limitations. Given this fact, it is of key
importance to understand the biological effects of microgravity and radiation, to investigate
possible interactions during spaceflight, and to extend our understanding to chronic exposures
prior to travel to and extended presence on the moon and Mars. The more obvious known
effects of short exposure to microgravity in the absence of significant radiation include strong
degenerative effects on bone. muscle, and possibly many other tissues, such as the immune
system. Conversely, it is also well known that gravity loading of tissues, and artificial
hypergravity in centrifuges, promotes tissue growth and cell proliferation, specifically via
matrix-integrin-kinase signaling pathways. In Foton M-2 we focused on microgravity and
initiated the investigations of its effects on regenerative cell proliferation in the newt, using a
nucleotide analog marker bromo-deoxy uridine (BrdU) and other analyses of tissue growth,
and tested the suitability of the gecko as a model organism for similar
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Figure 1 - The newt Pleurodeles waltl (left) and stages of tail regeneration after surgery
(center). Tail surgery, and subsequent regeneration, is a model for the regenerative processes




in vertebrate organisms, and mimics somatic stem cells rebuilding of bone, muscle, skin and
other tissues. The image on the right shows BrdU positive nuclei incorporated in the
regenerating tail of animals that were housed in the "Triton" spaceflight habitat with a water -
soaked polyvinyl acetate (PVA) "carpet” containing BrdU delivered by osmotic pumps.

comparative studies. In Foton M-3 we hope to repeat the microgravity experiments
performed in M-2 and extend the experiments to also address the existence of possible
gravityradiation interactions.

Foton VI-2 Working Hypothesis

In the Foton M-2 flight our working hypothesis was that microgravity creates an
environment of low level mechanical loading for newt and gecko tissues, and that this change
in loading alters the proliferation rates of somatic stem cells involved in tissue regeneration.

Foton M-2 Specific Aims

To test the working hypothesis above we proposed and conducted experiments to achieve
the following objectives:

1) To measure cell proliferation in normal and regenerating tail/lens tissues by using
incorporation into DNA of dividing cells of the nucleotide analog bromo-deoxy
uridine (BrdU) (newt model organism only).

2) To measure cell cycle stage distribution in tissues of the newt and gecko by analyzing
DNA content in nuclei using the DNA binding dye Hoechst 33457 (newt and gecko
model organisms).

3) To measure bone mineral density and architecture using X-Ray micro computer
tomography (microCT) (newt and gecko model organisms).

4) To measure apoptosis and cell cycle arrest markers (p53) in newt (newt and gecko
model organisms).

5) To preserve frozen tissue samples for future gene array studies of microgravity-
induced gene expression changes in the newt (newt model organism only).

6) To initiate the generation and sequencing of Expressed Sequence Tag (EST) libraries
of MRNAs in the newt for future gene array studies of microgravity-induced gene
expression changes in the newt (newt model organism only).

Foton M-2 Experiments Significance

The NASA/US experiments conducted in Foton M-2 were designed around pre-existing
Russian experiments and flight constraints. Very few factors could be modified and the 11-
month time frame to implement the NASA/Russian collaboration was extremely limited.
Under these restrictive circumstances it is highly significant the NASA Ames scientists and
flight support staff demonstrated the ability to successfully implement a scientific
collaboration with Russia, adding a significant number of new and highly relevant
investigations to the original goals of the Russian experiments. Specifically, the newt
"regeneration” experiment was to be mostly limited to surgical removal of 2 cm of newt tail
and also lens, to measure the magnitude of regenerating tissues in microgravity and to growth
factor immunocytochemistry. The NASA participation in this experiment added great value
to the original experiment by including the delivery of the nucleotide analog BrdU during the
flight using simple osmotic pumping devices. This experimental enhancement allowed us to
test the hypothesis that previous Russian results of increased tail regeneration in the newt
were mediated by increased cell proliferation. Specifically both NASA and Russian
investigators observed larger clusters of BrdU positive cells in spaceflight tissues, indicating
that tail blastema in microgravity cells undergo cell division more frequently than in ground
synchronous controls. Also highly significant are the additional investigations now being
conducted of cell cycle progression in tissues, bone mineral density and architecture and
genomic analysis of spaceflight tissues, none of which would have been conducted without
NASA participation. Since only 7 months have elapsed since we started analyzing the more
than 800 samples brought back to the US, all studies are still underway and no definitive




results can be reported yet. However a small sample of bones examined by microCT shows
that aquatic newts and terrestrial geckos appear to show opposite responses to microgravity
with regard to bone tissue degeneration (subject to confirmation in larger sample). Given this
fact, and other data such as the extensive Russian measurements on increased newt tail and
lens regeneration in previous spaceflights, we are now inclined to speculate and hypothesize
that amphibians like the newt may be pre-adapted to a microgravity environment that is in
many ways similar to neutral buoyancy in water, and that during spaceflight they do not suffer
the degenerative effects observed in terrestrial weight-bearing organisms such as the gecko.

It is highly significant that we have for the first time performed a spaceflight comparative
physiology experiment with two similar vertebrates one aquatic one terrestrial, and are
measuring their respective responses. This avenue is particularly exciting from the scientific
point of view because it opens the possibility that newts are a vertebrate model organism that
may be pre-adapted to existence and survival in microgravity. This remarkable growth
response of the newt to spaceflight makes it a pressing and significant reason to move forward
with studies of the genomic changes in the newt tissue we preserved in Foton M-2 and hope to
also obtain in Foton M-3.

Foton M-2 Implementation and Progress Report

FOTON M-2 ""Regeneration’” and ""Gecko'" Experimental Methods Pre-flight Science
and Technical Investigations

In the "Regeneration" experiment in June 2004 we agreed in principle with Russian
investigators on hypotheses and pre-flight tests to be conducted to determine the feasibility of
delivering BrdU during spaceflight using osmotic pumps. NASA and Russian investigators
immediately initiated preliminary experiments during the summer and fall of 2004. This
approach was successful and in early March 2005 NASA investigators traveled to Moscow
and conducted final pre-flight tesrj jointly Specifically the joint experiments investigated
surgical implantation of osmotic pumps. PVA carpet habitat delivery of Brdu, BrdU diffusion
rates, dosage of Brdu. and incorporation/immunodetection of Brdu in newt tissues. After joint
experiments in March 2005 the NASA and Russian teams conducted additional independent
experiments virtually until the last possible day before pre-flight tail and eye surgeries. The
final decision for the BrdU delivery method (osmotic pump in PVA carpet. Figure 3) was
made about 3 weeks before the Foton M-2 spaceflight in late May 2005. The pre-flight joint
experiments and respective timeline are shown in figure 2.
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Figure 2 - Pre-Flight NASA/Russian Joint testing (Grigorian)

The "Gecko" experiment did not benefit from extensive flight experience and knowledge
of spaceflight operations that Russian Investigators in "Regeneration” experiment had. This is
due to the fact that the gecko had never been flown before and was a complete unknown. In
addition during the fall of 2004. The gecko species was changed by Russian investigators, due
to concerns about the suitability for spaceflight. This delayed pre-flight experiment
development greatly. The method we had planned for delivering BrdU to geckos, namely in
drinking water, proved impractical in Russian tests because the geckos did not drink
consistently from the flight hardware water bottle. Ultimately the geckos were flown without
a water supply, because of their ability to resist dehydration over prolonged periods, and no
BrdU was delivered. Alternate BrdU delivery methods such as surgical implantation of
osmotic pumps and water/BrdU misting were not explored at the time because there was no
additional time to conduct the necessary ground experiments, and because this was the
maiden voyage for the gecko as model organism. The Russian Investigators, having now
proven the gecko as a spaceflight model, are looking forward to implementing the BrdU
delivery system with NASA collaboration, and to jointly performing the necessary tests for
use in Foton M-3.
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Figure 3 - Osmotic pumps for Brdu
Experimental Design for Spaceflight
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Figure 4) Regeneration Experimental design diagram for Basal. Syncronous and Flight
groups (Grigorian)

After concluding the preliminary experiments, the final flight experiment design was
agreed upon as diagrammed in Figure 4. In brief we included a flight group of 20 animals, a
ground 48h -delayed "synchronous” control, and a basal control of 5 animals that were
sacrificed at the time of launch. The basal control offered pre-flight tail regeneration growth
data and a BrdU negative control, as well as other baseline data. In both the Flight
synchronous and flight groups animals were operated 7 days prior to launch, and then 6 days
prior to launch placed on a carpet with programmed miniature osmotic pumps loaded with
BrdU. Finally 5 days prior to launch the sealed Triton habitat with 20 flight animals was sent
from Moscow Koltsov Developmental Biology Institute to Baikonur. The identical Triton
synchronous control habitat was sent to IBMP in Moscow for flight temperature simulation on
a 48h delay. Once in orbit for 3 days, and presumably after the animals were adjusted to
microgravity. the osmotic pumps initiated BrdU delivery after expending a delay layer of
saline solution separated from concentrated BrdU by a 2 microliter mineral oil layer.

In the Gecko experiment 5 animals were flown in microgravity with no experimental
manipulations performed in this initial flight. A ground control of 5 animals was maintained
at the IB.VIP. As with the newts in "Regeneration™ the animals were sent to Baikonur from
Moscow 5 days prior to launch.

Sample Recovery and transport to Moscow

Upon capsule reentry and landing the helicopter with the Foton M-2 recovery team was
able to be at the landing site in 50 minutes, and removed the Triton habitat from the capsule
60 minutes after landing. IBMP investigators immediately removed the BrdU impregnated
PVA blanket. replaced it with a PVA blanket containing only water, and cooled the
"Regeneration™ experiment to 4 degrees Celsius, to stop cell division and arrest BrdU
incorporation, and transported it back to Moscow via commercial airline flight. All the
spaceflight animals survived and arrived in Moscow at the Institute 30 hours post-landing. All
the animal tissues were fixed and processed for experiments within the 5 hours following
arrival in Moscow at the Koltsov Developmental Biology Institute by a joint NASA and
Russian team.




The geckos were recovered on the same schedule described above for newts except that
they were not cooled for transport to Moscow, since there was no BrdU incorporation to
inhibit.

Sample transport to US

All sample tissues were packaged in Moscow either in dry ice or at 4 degrees Celsius in
double insulated boxes and shipped via DHL-Danzas and Delta Airlines. NASA Ames flight
logistics staff ensured samples were not exposed to X-rays at airports, expedited transit and
pre-cleared shipments through USDA at the New York port of entry and customs in San
Francisco. During transit, temperature and radiation exposure were monitored with onboard
dosimetry and temperature recorders, and remained within normal limits.

Sample preparation for analysis

About 800 samples were generated from the "Regeneration” and "Gecko™ experiments and
were brought back to the US. Samples were either frozen or fixed in paraformaldehyde.
Frozen samples are archived for future gene array analysis once an EST database for the newt
Is completed (effort underway). Fixed samples were either selected for analysis without
further processing in the case of bone microCT. or embedded in paraffin or methacrylate
plastic for sectioning and immunocytochemistry. Sectioning of processed tissue blocks and
immunocytocfiemistry are underway and will take considerable effort to complete due to
large sample size and staffing limitations.

FOTON M-2 ""Regeneration’* Experimental Preliminary Results

Results tail regeneration

o

Figure 5 - Regenerating flight (left) and synchronous (right) Newt tails

Preliminary two dimensional measurements of regenerating tail suggests that spaceflight
animals had an increase in size under microgravity conditions between 10-20% relative to
synchronous ground controls with basal growth subtracted. However regeneration stage
analysis shows no significant differences in morphology, suggesting that while more cell
proliferation occurred, no additional tissue differentiation resulted from exposure to
microgravity. More detailed three-dimensional volume-analysis of regenerative changes is
underway. These results are consistent with an enhancement of regeneration by microgravity
and inconsistent with degenerative losses observed in tissues of other terrestrial vertebrates in
microgravity.

Results bone micro-CT
05-355, E. Almeida; microCT analysis of radius in newts flown in space (mean +I- SE).
Synchronous  Flight

Baseline Control (n=3) T-test
(n=2) (n=3) P<**
Radius (cortical +
cancellous)
Length (mm) 3.6+0.01 3.1+0.1 3.5+£0.2 0.114

Total Volume (mm3) 0.886+0.211 0.476+0.066 0.866+0.077  0.018



Bone Volume (mm3) 0.3944+0,083 0.222+0.028  0.367+0.043  0.048
BVITV 3.443+3.013 0.468+0.008  0.422+0.016  0.063
Proximal radius

(cancellous)

Total Volume

(mm3) 0.046+0.000 0.039+0.00 0.041
9 0.021+0.004 4

Bone Volume

(mm3) 0.003+0.000 0.005+0.00 0.238
9 0.002+0.001 2

BVITV 0.063+0.020 0.129+0.04 0.485

0.089+0.024 6
Baseure radius in one newt cracked and very short data not included.
**Synchronous Control versus Flight only: Baseline not included in statistical analysis
because of crack in radius of one specimen

Figure 6
Preliminary bone microCT results in the newt show significantly higher bone mineral
volume to total bone volume ratios in cancellous bone of the proximal radius (Figure 6),
consistent with either increased osteogenesis or decreased bone remodeling by osteoclasts.
Results in the gecko are consistent with bone mineral loss, but are still too preliminary.
Analysis is underway in collaboration with Dr. Russell Turner at the Oregon State University,
Corvallis.

Results BrdU incorporation in newt tissues
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Figure 7

Quantitative analysis of BrdU incorporation has been impacted by the fact that newt tissues
have significant numbers of pigment cells that in light microscopy are difficult to distinguish
from BrdU positive cells labeled with HRP amplification, especially given the low levels of
BrdU present. Tissue with low pigmentation, such as the intestine, show clear BrdU
incorporation in nuclei (Figure 7), and a 1.5 to 2-fold increase in microgravity regeneration.
Regenerating newt tail, eylid and lens also show 1.5-fold increase in positive BrdU cells, in a
cluster pattern. Because tail and eyelid are pigmented the numbers we report have a certain
degree of uncertainty associated with the assay. We are now developing alternative methods
for quantification of BrdU that distinguish false positives. including immunocytochemistry
using strepavidin quantum Dots in the far red 655nm, and direct high resolution imaging of
bromine in BrdU with Nano-Sims mass spectroscopy microscopy (in collaboration with Dr.
Pett-Ridge at Lawrence Livermore National Laboratory). Preliminary results with Quantum
Dot labeling are shown in figure 8 and suggest we will be able to readily distinguish between
BrdU (Red), pigment cells (Brown), agaisnt a nuclear couterstain (blue). In addition to
eliminating falsepositives, this method also has much greater resolution, as there is no signal
amplification by HRP.
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Figure 8. Ouantum Dot BrdU immunolabeling
Results Library Generation and Gene Array Analysis of Flight Tissues

Figure 9. Newt EST Clones

In response to the US-Russian agreement on Foton M-2 we have initiated efforts to
generate and sequence newt EST libraries. (Figure 9), to create gene arrays that will allow us
to perform genomic studies of archived frozen newt tissues from M-2. This activity is
outside of the scope of the budget provided to the NASA PI, and up to now only libraries have
been generated and tissues archived. However, a newt gene-sequencing proposal has been
submitted to DOE and DARPA by a large consortium of NASA other US. Russian, Canadian,
and Japanese regeneration investigators and headed by Dr. Almeida. The DARPA proposal is
under consideration in the Regenerative Injury Repair Program, by John Mogford. Program
manager and may be considered for a phase-2 submission in fall 2006. The DOE Joint
Genome Institute CSP proposal was well-received, but considered out of scope of DOE
mission. Current efforts are now focusing on other DOE/NASA inter-agency sequencing
opportunities.



Publications

The preliminary results of Foton M2 "Regeneration” and "Gecko" experiments have been
submitted/presented as abstracts at the Moscow Foton M-2 Preliminary Science Meeting at
IMBP in October 2005, and at the upcoming Osaka ISGP and China COSPAR meetings.
Short papers will also be published shortly in the proceedings of the ISGP meeting, in the
Journal of Gravitational Physiology. Full-length publications will be prepared once all data is
analyzed, likely in early 2007. Abstracts and a draft paper on the regeneration experiment are
included in Appendix C.

Summary

The Foton M-2 collaboration was set and conducted in a highly accelerated time-frame and
resulted in a mostly successful flight with significant foreseeable science results already being
published in multiple venues. The success of the collaboration was due in large measure to
great professionalism and collaborative spirit from our Russian counterparts, and also to very
hard work from the part of the US/NASA team. Not all the initial goals were achieved, such
as BrdU delivery in the "Gecko" experiment, and the limited time opportunity and resources
to conduct pre-flight ground studies also prevented us from obtaining ideal results. In
particular BrdU dosage appears low although detectable, posing challenges in exact
quantification of proliferation. Recent experiments with alternative Quantum Dot BrdU
detection methods appear to have resolved this problem. Foton M-2 pushed the limits of the
feasible, and serves as important reference point for Foton M-3 planning. Finally, if repeated
in Foton M-3, and in conjunction with previous Russian newt flight data, the current results
will provide a rare set of well-replicated data on the effects of microgravity on amphibian
tissue regeneration, providing a novel experimental insight into a possible physiological pre-
adaptation of aquatic organisms to microgravity.

FOTON M-3 Proposal

Introduction

Our main objective in proposing to participate in Foton M-3 is to replicate the experiments
conducted in Foton M-2, in a manner that resolves technical issues and difficulties
encountered previously, and confirms or refutes, the current interpretation of results. In
addition, we seek to extend the Foton M-2 microgravity experiments to include a radiation
variable, and to address the important issue of the possible interaction between the two, a key
question for ultimately enabling safe human exploration of the solar system.

The biological and medical effects of radiation are relatively well known for common
forms of radiation on earth like medical X-rays and protons, but less well known for other
forms of cosmic radiation such as heavy mass and energy (HZE) particles. Radiation has
multiple effects on living tissues, including the induction of free radical formation and
subsequent chemical attack of biomolecules, and more directly the induction of breaks in
DNA, possibly leading to transformation and cancer. In the case of spaceflight radiation, until
recently most efforts have focused almost exclusively on long-term cancer risks, but current
thinking is also starting to focus on medium-term tissue degenerative conditions that are
induced by radiation effects on the cell cycle of rapidly-dividing somatic stem cells. Because
somatic stem cells involved in replenishing and regenerating human tissues are often found
dividing, we hypothesize they are particularly sensitive to the combined effects of
microgravity and radiation. In particular, both hindlimb unloading and hypergravity which
are models for spaceflight gravity alterations, and radiation appear to act via common
molecular p53 and Reactive Oxygen/Nitrogen (ROS/NOS) signaling pathways that could
interact to arrest the cell cycle and induce rapid tissue degeneration. Ongoing ground studies
from our laboratories with gamma rays and in the near future with HZE particle beams
(Globus, Almeida, Vercoutere, Searby and Limoli - 2006 Moscow Space Radiation Meeting
Abstract Included in Appendix C) are focusing on how the effects of radiation and
hypergravity/hindlimb unloading might synergize through common p53 and reactive oxygen




(ROS) pathways to alter the proliferative and tissue regenerative potential of bone marrow
stromal cells that are precursors for osteoblasts, osteoclasts, and haematopoietic cells. In this
context we are now proposing to conduct new Foton M-3 "Regeneration 11" and "Gecko IF*
experiments with our Russian colleagues specifically investigating the effects of spaceflight
microgravity and proton irradiation on the proliferation of cells and DNA damage in tissues of
these animal models. This pair of vertebrate model organisms is particularly appropriate for
testing the combined effects of gravity and radiation because they can both be induced to
regenerate tissues, such as the tail: because of their reliability and ease of use under
spaceflight constraints; and because one organism, the gecko, is terrestrial, and the other, the
newt, is aquatic, providing different physiological responses to space. Finally, our Russian
colleagues at Koltsov Developmental Biology Institute, and Institute for Bio-Medical
Problems (IBMP) have already expressed their willingness and interest to conduct combined
radiation and microgravity experiments, specifically at the Dubna synchrotron facility near
Moscow. These experiments would test the effects of pre-irradiating the animals with protons,
simulating a solar particle event, and then studying the effects of that event on the newt and
gecko spaceflight tissue regeneration in tail/lens models. The specific radiation dose will be
experimentally determined in pre-flight ground tests, but will be in general range of 0.1 to 3
Gy. The 3 Gy upper dose limit corresponds to the estimated exposure to astronaut skin inside
the relatively well-shielded lunar command module if the 1972 solar particle event had
occurred during an Apollo flight (J. Bailey, Biomedical Results of Apollo, Ch. 3) and is also
the approximate cumulative expected dose for a Mars 2 type mission with a >300 day
duration. The experimental design of ground prerradiation with protons closely (but not
perfectly) simulates what would happen to a Moon or Mars crew exposed to a solar particle
radiation event on a planetary surface with partial gravity, followed by a return to earth trip in
microgravity. The scientific relevance of this experiment is the determination if the radiation
damage to tissues synergistically affects regenerative processes in a more significant way
when regeneration is also occurring in microgravity. In addition, cells from ground control
and microgravity-exposed newts and geckos will be removed from the animals and irradiated
post-flight to test whether irradiating cells already exposed to the deleterious effects of
spaceflight are affected differently by a solar particle event.

Foton M-3 Working Hypothesis

Specifically our working hypothesis is that proton irradiation and microgravity regulate
cell proliferation in regenerating tissues via common molecular mechanisms, including
ROS/NOS and p53, and that these common mechanisms result in synergistic or additive
results.

Foton M-3 Specific Aims

1) To replicate and improve the experiments enumerated above for Foton M-2 (E.
Almeida Lead).

2) To extend the microgravity experiments performed in Foton M-2 to include a group
of animals regenerating model tail and lens tissues following proton irradiation to
simulate a solar particle event (N. Searby Lead).

3) To extend the experiments performed in Foton M-2 to include primary cell culture
of tissues exposed to microgravity with and without proton irradiation post-flight (R.
Globus Lead).

4) To extend the experiments performed in Foton M-2 to include an analysis of the
feasibility to assess DN'A -damage in newt regenerating tissues (T. Straume Lead).

5) To leverage the utility of the M-2 experiment repetition, as a control for new
proposed radiation/microgravity interaction experiments.




Foton M-3 Russian Teaming Arrangements

The initial Foton M-3 proposal we are submitting here, including the technical
improvements, and novel radiation experiments has been discussed with both the
"Regeneration” Team lead by Dr. Mitashov, and by the "Gecko" team lead by Dr. Saveliev.
Both Russian teams have agreed in principle to attempt conducting these experiments in
collaboration with NASA. If US participation is approved, we will define in more detail with
our Russian colleagues the specifics and feasibility of all aspects of the proposed experiments.
Letters of collaboration from both Russian teams are included in Appendix B. In addition
Dr. Eugene llyin at the IBMP has also supported and agreed to the proposed radiation
experiment concept, and made available proton radiation resources via an existing
IBMP/Dubna synchrotron agreement.

Foton M-3 US Teaming Arrangements

To extend the Foton M-3 spaceflight opportunity to as many investigators as possible, and
to fully utilize the animal tissues derived from the flight, we have sought and obtained letters
of collaboration from multiple NASA, Russian, and University investigators in the bone,
radiation and tissue regeneration/proliferation fields. The list of collaborators and their
respective proposed roles s included in Appendices A (Investigator Roles), and B (Letters of
Collaboration).

Significance

The significance of the proposed experiments is both to provide validation and confidence
on Foton M-2 microgravity tissue regeneration results, and to extend the experiment to
provide fundamental knowledge of radiation effects in microgravity. The significance of
discovering or disproving interactions between microgravity and radiation is enormous, as
this may alter our current calculations about permissible doses of radiation, as well as future
Mars and moon mission design and spacecraft shielding requirements. In addition, the focus
on tissue regeneration, instead of long-term cancer-risks, is highly significant because any
increases in tissue degeneration other than in that already established in bone and muscle may
have severe implications for the ability of astronauts to perform physical and intellectual tasks
during long-term space-travel. Finally, the proposal attempts to leverage a very limited
resource, spaceflight biological experimentation, to multiple NASA and university
investigators involved in basic scientific research, by strong collaboration and tissue sharing.

Foton M-3 Technical improvements proposed (newt and gecko)

Replacement of osmotic pumps with timed mechanical BrdU pumps

Inclusion of a misting or spray method for water/BrdU dispersion in the gecko habitat
Increase of BrdU dosage

Decrease of BrdU delivery time window

Include pre-flight injection of tetracycline to monitor bone-remodeling dynamics

Include in-flight co-delivery of tetracycline and BrdU to monitor bone-remodeling
dynamics

Autonomous video monitoring of animal behavior in flight
Foton M-3 Pre-flight Science and Technical Investigations (newt and gecko)

Testing of timed mechanical pumps

Testing of tail surgeries in the gecko

Testing of BrdU dosage increases

Testing of BrdU incorporation and detection
Testing of autonomous video monitoring system




Testing of tetracycline incorporation and detection in bone

Ground Testing of solar event simulation/radiation dosage at Loma Linda Medical
Center, CA and Dubna, Russia

Foton M-3 Preliminary Experimental Design for Spaceflight (newt)

Experimental design will be constrained by the M-2 design. The major addition and change
will be the performance of animal irradiation with protons prior to launch. Tentatively,
irradiation will occur 1 day after tail and lens surgery and one day before the animals are sent
to the launch site. In addition, experimental design will be changed, by reassigning half of the
subjects, or 10 animals: in each synchronous (20 animal total), and flight (20 animal totals)
groups for irradiation. Post-flight primary cell cultures will be prepared from control non-
irradiated newt bones and liver, and irradiated with protons (or not in controls). This specific
experiment will test the possibility that tissues exposed to microgravity are altered in such a
way that modifies cell sensitivity to subsequent radiation damage. Finally we will analyze
DNA repair and DNA damage patterns in newly regenerated tissues during microgravity
exposure, to determine if repair mechanisms are gravity mechanosensitive. In these
experiments we will use regenerating tissue interfaces with existing tissue, as an internal
control for the role of regeneration on DNA damage and repair mechanisms.

Foton M-3 Preliminary Experimental Design for Spaceflight (gecko)

Experimental design will be altered to include both tail surgery and animal irradiation with
protons. Animal number will be increased from current 5, to 6 smaller animals to include two
groups of 3, one irradiated and one non-irradiated. If possible we will seek to double the
number of geckos to 12, to obtain more significant data, however if this is not possible we
will likely not conduct the radiation portion of the experiments due to lack of sufficient
animals to obtain statistically significant data.

Summary

Foton M-3 offers a unique opportunity to repeat and enhance the Foton M-2 microgravity
tissue regeneration experiments. Foton M-3 experiments will also offer new and important
fundamental data to support or refute the hypothesis that microgravity and radiation
interactions are of potential concern for long duration human spaceflight, especially in
affecting the normal processes of tissue regeneration. The collaborative approach with our
Russian colleagues, and among multiple NASA investigators proposed here for Foton M-3
experiments ensures the flight opportunity is fully utilized, and has the potential to generate
significant results for advancing our basic understanding of the space environment.

Appendix A
M-3 Investigator Roles
NASA/US Team
Eduardo Almeida, Ph.D., NASA and University of California San Francisco,
Principal

Investigator
- Dr. Almeida will conduct the experiments measuring cell proliferation in regenerating

tissues of the newt and gecko, and will coordinate the scientific collaboration with all the
other NASA/US and Russian co-investigators.

Jonathan Phillips, Ph.D., NASA Post-Doctoral Fellow, Co-Investigator

- Dr. Phillips in conjunction with Dr. Almeida will conduct genomic studies of
microgravity effects on tissue regeneration, including the creation of expressed sequence tag
(EST) libraries from newt regenerating tissues.

Esther Hill, Ph.D., NASA Co-lInvestigator

- Dr. Hill in conjunction with Dr. Almeida will conduct the histological and
immunocytochemical analysis of the newt and gecko tissue samples for BrdU label




incorporation.

Ruth Globus, Ph.D., NASA and University of California San Francisco, Co-
Investigator -Experiment Lead

- Dr. Globus in conjunction with Dr. Almeida will conduct a post-flight newt somatic stem
cell proliferation experiment with and without proton irradiation to determine if exposure to
microgravity sensitizes cells for proton radiation exposure.

Hisataka Kondo, Ph.D., NASA Post-Doctoral Fellow, Co-lInvestigator

- Dr. Kondo in conjunction with Dr. Globus will perform post-flight newt primary cell
culture and proton irradiation experiments.

Nancy Searby, Ph.D., Scientist, NASA Co-Investigator - Experiment Lead

- Dr. Searby in conjunction with Dr. Almeida will conduct pre-flight irradiation with
protons of a portion of the flight newts to determine the possible interactions between
microgravity and radiation exposure on tissue regeneration.

Tore Straume, Ph.D., Scientist, NASA Co-Investigator - Experiment L ead

- Dr. Straume in conjunction with Dr. Almeida will conduct experiments to assess the
feasibility of measuring radiation/DNA damage effects in microgravity.

Hami Teal, Ph.D., Scientist, NASA Co-Investigator

- Dr. Teal in conjunction with Dr. Straume will conduct experiments to assess the
feasibility of measuring radiation/DNA damage effects in microgravity.

Russell Turner, Ph.D., Oregon State University, Corvallis

- Dr. Turner will perform bone Micro-CT analysis of newts and geckos, as well as
Tetracycline incorporation analysis to estimate bone remodeling in proton
irradiation/microgravity exposed bones.

Russian Team

Victor Mitashov. Ph.D., Russian Principal Investigator "Regeneration™

Eleanora Grigorian, Ph.D., Russian Co-Investigator "Regeneration

Elena Domaratskayaya, Ph.D., Russian Co-Investigator "Regeneration

Sergei Saveliev, Ph.D., Russian Principal Investigator "Gecko"

Victoria Gulimova, Ph.D., Russian Co-Investigator "Gecko"

Appendix B

Letters of Collaboration

From Victor Mitashov "Regeneration™ Russian PI

In response to the NASA PI request to modify the "Foton M-3 Regeneration™ experiment
to include proton irradiation of 10 (of 20) animals, the Russian PI, Victor Mitashov,
responded he and his co-Is agreed to participate and the they also had IBMP agreement from
Dr. Eugene llyin, including access to the Proton Irradiation facility at Dubna (near Moscow)
with which IBMP has a use agreement.

From: "Mitashov" <nitashov@proxima.idb.ac.ru>

To: "Eduardo Almeida" <ealmeida@mail.arc.nasa.gov>

Subject: Re: VERY URGENT - Joint Experiment Proposal for Foton M-3

Date: Thu, 9 Mar 2006 16:21:56 +0300

Dear Eduardo,

Thank you for your letter. I discussed your proposal with Nora, Elena, Murad and Eugene
Ilyin. We are agree to participate in the M3 flight experiment. E. 1lyin supported us also |
think we will discuss with you all derails in Osaka. We are ready to send a paper for Osaka
meeting Galina Tverskaya for translation. E-mail addresses are
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<mailto:nora@proxima.idb.ac.ru>nora@proxima.idb.ac.ru
<mailto:edoma@proxima.idbac.ru>edoma@proxima.idb.ac.ru
<mailto:mitashov@proxima.idb ac.ru>mitashov@proxima.idb.ac.ru
Thanks, Victor.

From Victoria Gulimova and Sergei Saveliev "Gecko" Russian Investigators

From Victoria Gulimova

To: ealmeida@mail.arc.nasa.gov

Subject: Foton-M3 experiment

Dear Eduardo,

We have carefully read your letter and discussed it with all of the appropriate specialists. In
order to materialize your proposals we have to solve a number of problems.

Our greatest wish for the Foton-M3 experiment is the possibility of video recording. This
will finally solve the problem of floatmg-vs-contact of the animals. If you plan to participate
in the experiment we together can suggest the most compact and least consuming model of
camcorder. Since the USA is the leader in this field, may be you could search for the
equipment at NASA.

Also we must take into account the necessity of orbital control (intact animals present on
the satellite together with experimental ones). The group of 10 animals is not enough to study
both effects of proton radiation and tail regeneration Prof. Saveliev considers it optimal to use
5 animals for orbital control and 5 animals for study of proton radiation effects. In this case
the Brdu method would come in nicely. Still you must think of the device to sprinkle Brdu
inside of the box. This can cause problems, for the energy source must be considered Also
humidity increases the threat of fungus diseases. If you find our comments acceptable, our
cooperation in the frames of Foton-M3 will be possible and we would be quite happy about
that.

Sincerely yours,

Victona

Date: Tue, 21 Mar 2006 11:24:06 - 0800

To: ealmeida@mail.arc.nasa.gov

From: Ruth Globus <Ruth.K.Globus@nasa.gov>
Subject: M3 project

Dear Eduardo,

I am delighted to have the opportunity to work with you again on a Foton flight as a
coinvestigator. According to our prior discussions, | will be responsible, along with Dr.
Hisataka Kondo, for cell culture tests on the M3 flight in the 2006-2007 time frame, with
financial support for our work provided by NASA. As you know, our current research on
radiation effects on murine bone marrow stromal cells is progressing nicely, and puts us in an
ideal position to extend our assays to the newt in both preparatory ground-based and
spaceflight experiments. | am looking forwarded to a productive collaboration on the M3
project.

Sincerely,

Ruth

Ruth Globus, Ph.D.
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Scientist

Bone and Signaling Laboratory

and

Science Manager

Center for Gravitational Biology Research
Life Sciences Division

MS 236-7 (Building 236, Room 221)
NASA Ames Research Center

Moffett Field, CA. 940350-1000

phone:  (650)604-5247

fax: (650)604-3159

new email: Ruth.K.Globus@NASA.gov

From: "HISATAKA KONDO" <hkondo@arc.nasa.gov>

Subject: Request

To: ealmeida@mail.arc.nasa.gov <ealmeida@mail.arc.nasa.gov>

Date: Wed, 15 Mar 2006 21:28:22 -0800

Dear, Eduardo.

I'd like to colaborate with you on FOTON M3 project.

I'm thinking of specifically analysing cell proliferation before and after proton irradiated
cells.

Hisataka Kondo D.D.S., Ph.D.

*kkkhkkhkkhkkkhkhkkikkkhkhkhkkhhkhkkihkkhhkhkkihkhkihkkihkhkkihkhihkiik

NASA Ames Research Center

Bone and Signaling Laboratory

Mail Stop236-7

Moffett Field, CA9035-1000

tel: 650-604-6390

e-mail: HKondo@arc.NASA.gov

*hhkhkAhkhkhhkhkhhkhkhkhhkhkihkhkihkhkihkhkihkhkihhihikiiiiik

Date: Tue. 21 Mar 2006 16:51:58-0800

To: ealmeida@mail.arc.nasa.gov

From: Hami Teal <hteal@mail.arc.nasa.gov>

Subject: FOTON M3

Cc: tstraume@mail.arc.nasa.gov

Dear Dr. Almeida,

Tore Straume and | greatly look forward in collaborating with you on the FOTON M3
newt project. We agree to participate in evaluating the feasibility of studying DNA damage in
regenerating tissues.

Sincerely,

Tore Straume

Hami Teal

Tore Straume, Ph.D.
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Chief Scientist

Life Sciences Division

MS 239-11

NASA Ames Research Center
Moffett Field, CA 94035

Tel: 650-604-3943

Fax: 650-604-3954

Email: tstraume@mail.arc.nasa.sjov

Hami E. Teal, Ph.D.

NASA Ames Research Center
M/S 236-5

Moffett Field, CA 94035
Bldg. 236, Rm. 207
650.604.1102 (Tel)
650.604.3159 (Fax)

hteal@ mail.arc.nasa.gov

To:  ealmeida@mail.arc.nasa.gov

From: Nancy Searby <Nancy.D.Searby@nasa.gov>

Subject: Foton M3 flight

Dear Eduardo,

I look forward to our collaboration on the Foton M3 newt project. | believe that repeating
the M2 experiment is critical. Asking the additional question about the influence of irradiation
on the newt spaceflight-induced proliferative changes will yield some exciting new results.

Sincerely,

Nancy

From: Jonathan Phillips <jphillips@arc.nasa.gov>

Subject: Foton M3

To:  Eduardo.A.Almeida@nasa.gov

Dear Dr. Almeida:

In support of your ongoing progress with the Foton series of life sciences missions, | would
be pleased to continue collaborating with you. | offer my assistance with developing genome-
focused experiments to study the influence of the spaceflight environment on newt tissues.

Best Regards,

Jonathan A. Phillips, Ph.D.

To:  Eduardo.A.Almeida@nasa.gov

From: esther hill <ehill@mail.arc.nasa.gov>

Subject: M3 Collaboration

Cc: awray@mail.arc.nasa.gov. Kathleen Hinds <khinds@mail.arc.nasa.gov>

I would be very happy to collaborate with you on the Newt experiment for the M3 FOTON
mission, and look forward to contributing my expertise in bone and bone histology to this
effort.

Esther
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Appendix C

Publications

Abstracts 27" Annual International Gravitational Physiology Meeting 23-
28 April, 2006, Osaka, Japan

ANALYSIS OF CELL PROLIFERATION IN NEWT TISSUE REGENERATION
USING BRDU-INCORPORATION DURING SPACEFLIGHT IN FOTON M-2. *?R.
GLOBUS, 'N. SEARBY, 'W. VFRCOUTERE, F. MORFY-HOLTON, 3U. IWANIEC, °R.
TURNER, *N. GRIGORYAN, “F. DOMARATSKAYA, *V. POPLINSKAYA, °M.
TAIRBEKOV, V. MITASHOV, ?F. A. C. ALMEIDA

INASA Ames Research Center, Moffett Field, California. 2University of California San
Francisco, California, USA. *Oregon State University Corvallis, Oregon USA. *Koltsov
Institute of Developmental Biology, Russian Academy of Sciences, Moscow, Russia.
®Institute for Biomedical Problems, Russian Academy of Sciences, Moscow, Russia.

Impaired human bone, muscle and other tissue regeneration in an altered gravity and
radiation space environment is a key scientific question that should be understood and
resolved, before human beings travel to other planets in the solar system. To begin elucidating
this problem multiple Russian satellite experiments have been conducted using the newt
model-system for tissue regeneration (Pleurodeles wattt). Specifically experiments by
Mitashov el at have repeatedly shown increases in lens and tail regeneration in space,
following surgical injury. The joint collaborative Russian-US experiment "Regeneration™ in
Foton-M2 sought to rigorously test the hypothesis that previously observed increases of tissue
regeneration during spaceflight were due to increased cell proliferation. To test this
hypothesis under the constraints of spaceflight operations we developed a method to delay the
delivery of the cell proliferation marker and nucleotide analog bromodeoxyuridine (BrdU)
until newts were in orbit for-Win and adjusted to the space environment. Marker delivery was
accomplished with miniature osmotic pumps from Al/a Inc., programmed with a BrdU-free
delay layer separated from the marker by an oil droplet. This methodology allowed BrdU
delivery and incorporation selectively during spaceflight. Newts in the Foton VI-2 capsule
"Triton" habitat were recovered lh after reentry and landing, removed from BrdU-conlaining
water, and immediately cooled to 4°C to avoid additional marker incorporation nitial
independent data analysis by Russian and US teams of tail lens, liver and intestine, indicate
that the experiment was successful delivering the BrdU marker at the correct time, and
support the hypothesis that increased tissue regeneration in space is caused by a twofold
increase in cells observed proliferating. (Supported by NASA and the Institute for Biomedical
Problems, Moscow, Russia)

COMPARATIVE EFFECTS OF SPACEFLIGHT ON A TERRESTRIAL GECKO
AND AN AQUATIC NEWT IN FOTON M-2 !N. SEARBY, ?R. GLOBUS, 'w.
VERCOUTERE, 'F. MOREY-HOLTON, 3U. IWANIEC, “R. TURNER, *N. GRIGORYAN,
V. MITASHOV. %V. I. GULIMOVA, °S. V. SAVELIEV, °M. TAIRBEKOV, *’F. A.C.
ALMEIDA NASA Ames Research Center, Moffett Field, California; 2Universily of
California San Francisco, California, USA; 3Oregon State University, Corvallis, Oregon,
USA,; “Koltsov Institute of Developmental Biology, Russian Academy of Sciences, Moscow,
Russia; ®Institute of Human Morphology, Moscow, Russia; ®Institute for Biomedical
Problems Russian Academy of Sciences, Moscow, Russia;




Decreased human tissue regeneration in an altered-grav ity and radiation space
environment is an important problem that we seek to understand, using appropriate animal
models, before humans travel to other planets in the solar system. In this context the Institute
of Human Morphology in Moscow tested the gecko Pachydactylm hibrtmiL in Foton M-2 as a
modelorganism for a terrestrial vertebrate exposure to the space environment. It is thought
that Pachydacrilus sp. may have reduced problems from notation in micrograviiy given that
its toes have adhesive setae, allowing the animal lo walk in the habitat walls in space. Initial
spaceflight results indicate Pachydaciilus sp. can be used as a practical animal model for
long-term space Right. Additionally, this new terrestrial model-organism can also provide
valuable comparative physiology data in conjunction with the aquatic (newt) Pleurodeles
wa/r/also flown in Foton M-2 and in many other Russian space-biology missions. Both
organisms share many features, including general body plan, si/.e. poikilothermia and tissue
regenerative ability. A major difference, however, is that Pleurodeles is primarily aquatic, and
mostly free from gravity mechanical loading, due to neutral buoyancy in water, while
Pachydactytus sp. is terrestrial experiencing full gravity mechanical loading and stimulation.
Our working hypothesis is that a terrestrial organism such as Pachydactytus will experience
tissue degenerative losses in space when it loses gravity mechano-stimulation while
Pleurodeles sp., an organism already pre-adapied lo an aquatic neutral-buoyancy env
ironment. in part similar to nicrograv ity may not. Preliminary micro computer tomography
anal) sis of bone in the limbs of both species, indicate .hat while the newt Pleurodeles sp.
maintained or gained radius cancellous bone volume during Foton M-2. the gecko
Pachydactylus sp. lost cancellous bone in the humerus. (Supported by NASA and the Institute
for Biomedical Problems, Moscow, Russia)

COSPAR Meeting Abstract

Experiment aboard Russian satellite "*Foton M2' in 2005: new approaches for study
on stimulating effect of space flight on cell proliferation and regeneration in Urodela

E. Grigoryan (1), E. Almeida (2), E. Domaratskaya (1), V. Poplinskaya (1), M.
Tairbekov (3), K. Aleinikova (1), V. Mitashov (1)

(1) Koltsov Institute of Developmental Biology. Russian Academy of Sciences, Moscow,
Russia: (2) NASA Ames Research Center, Moffett Field. California. USA, (3) Institute for
Biomedical Problems. Russian Academy of Sciences, Moscow, Russia
(nora@proxima.idb.ac.ru / Phone: +7-495-1350052)




A study on space flight effect upon processes of regeneration is due to the necessity to
know their characteristics in animals and human exposed to space and earth conditions shortly
after flight. Several experiments on the newts performed earlier aboard Russian biosatellites
showed that the rate of organ and tissue regeneration in space was greater than that on the
ground. Space flight effect stimulating regeneration was enduring and apparent not only just
after flight but long time later as well. This observation found support in studies simulated
physiological weightlessness by means of fast-rotating clinostat. It was shown also that the
higher rate of regeneration was associated with enhanced cell proliferation. For instance, we
found that the number of cells in S-phase in regenerating tissues was significantly greater in
space-flown animals than in the ground controls. However, it was unclear whether cell
proliferation stimulation was induced by micro-"g" per se or by conditions of hyper-"g"
during launching and re-adaptation on the earth. Molecular mechanisms underlying the
change also remained obscure. These issues were addressed by the joint Russian-USA
experiment "Regeneration™ performed on Foton-M2 in 2005. In 16- day flight we used two
well-known models of regeneration: lens regeneration after lensectomy and tail regeneration
after amputation in adult newts Pleurodeles wait (Urodela). In order to evaluate cell
proliferative activity in time limits of microgravity influence the original method for in-flight
delivering DN'A precursor BrdU was developed for the first time. Our preliminary results
showed that during the flight the number of DNA synthesizing cells in the regenerating eyes
and tails significantly increased. These data together with those obtained earlier suggest that
the cell proliferation and, consequently, the regeneration rates increase in response to the
accumulated effect of all changes of gravity during and after flight. For better understanding
of molecular mechanisms of stimulating effect of space flight upon regeneration we studied
an expression of bFGF in regenerated tissues of flown and control animals. It was found
earlier that bFGF is one of the important proteins regulating cell proliferation and
differentiation during regeneration in vertebrates. Using immuno-histochemical methods after
flight we observed bFGF expression higher and steadier in tail and lens regenerates of flown
animals than in control ones. In particular, cells of tail spinal cord, chord, skin, muscles and
cells of new formed lens epithelium demonstrated the maintenance of bFGF expression in
newts exposed to space while those cells of control animals lost it. In addition, the expression
of two proteins of generalized stress (HS70, HS90) in regenerating tissues of space-flown
newts and ground controls was examined. It was found that studied stress proteins had the
different pattern of expression in flown animals in comparison with the control. Therefore, the
data obtained in experiment aboard Foton M-2 is the part of the reason for the accelerating
effect of space flight upon regeneration in lower vertebrates.



Moscow Space Radiation Meeting June 2006 Abstract

Shared oxidative pathway in response to gravity-dependent loading and gamma
irradiation of bone marrow-derived skeletal cell progenitors.

H. Kondo, C. Limoli, N.D. Searby, E.A. Almeida, D.J. Loftus, W. Vercoutere, D.

Hilton, R.K. Globus

Department of Radiation Oncology, University of California, Irvine U.S.A.; Life
Sciences

Division NASA Ames Research Center, Moffett Field, U.S.A.

Astronauts are exposed to radiation during space travel under conditions of greatly
diminished weight bearing activity. However, we know little about how gravity-dependent
loading affects tissue sensitivity to radiation. We hypothesize that gravity-dependent loading
and irradiation share common molecular signaling pathways in bone cell progenitors, such as
generation of reactive oxygen species (ROS), and these pathways consequently impact
skeletal health. To begin to address this, progenitor cells with potential to differentiate into
either bone-forming osteoblasts or bone-resorbing osteoclasts were extracted from bone
marrow, and cells either were centrifuged to simulate increased gravity loading (5-180 min at
5 to 50 times gravity (g), day 2 or 4) or were exposed to a single dose of Ce-137 gamma
irradiation (1-5 Gy at 1 Gy/min on day 3-4). Bone marrow cells from 6-12 wk old, male
C57BL6/J mice were grown in alpha-MEM supplemented with 15 % 'etal bovine serum, and
with factors that either promote osteoblast or osteoclast differentiation. Production of ROS
was assayed by flow cytometry using the fluorogenic dye, CM-H2DCFDA, nitric oxide (NO)
production was assessed by measuring the stable product, nitrite, in conditioned medium by
the Greiss reaction, and cell numbers were assessed by manual cell counting or by measuring
DNA content (CyQuant). Osteoblastogenesis was estimated by production of mineralized
matrix (Alizarin Red staining), and osteoclastogenesis was estimated by counting Tartrate-
Resistant Acid Phosphatase (TRAP)-positive cells. Transient centrifugation was a potent
stimulus to bone marrow stromal cells, increasing production of ROS, nitrite, cell number,
and formation of mineralized matrix by osteoblastic cells. Similarly, centrifugation increased
the numbers of TRAP-positive osteoclastic cells. Radiation also caused dose- and time-
dependent increases in ROS by bone marrow stromal cells, but reduced cell number and
osteoblast differentiation. In summary, both gravity-dependent loading by centrifugation and
radiation stimulated ROS production. Centrifugation increased numbers of osteoblasts and
osteoclasts (indicators of increased bone turnover) and enhanced osteoblast differentiation,
whereas radiation decreased cell number and osteoblast differentiation. We conclude that
gravity-dependent loading and radiation both stimulate production of ROS yet differentially
affect critical cell functions such as growth and differentiation.

Journal of Gravitational Physiology Paper Submission

EXPERIMENT "REGENERATION" PERFORMED ABOARD THE RUSSIAN
SPACECRAFT FOTON-M2 IN 2005

Eleonora Grigoryan!, Eduardo Almeida?, Elena Domaratskaya?, Valentina Poplinskaya®,
Karina Aleinikova®, Murad Tairbekov?, and Victor Mitashov?

Koltzov Institute of Developmental Biology, Russian Academy of Sciences, Moscow,
Russia

2NASA Ames Research Center, Mojfett Field, California, USA
3 Institute of Biomedical Problems, Russian Academy of Sciences, Moscow, Russia

INTRODUCTION
Study of spaceflight effects on repair processes in vertebrates is important because it can



help predict organ/tissue recovery in mammals and humans during their exposure to the space
environment and upon return to Earth. This is also of great scientific interest because it can
help gain a better insight into the mechanisms underlying the effects of various factors,
including microgravity, on organ/tissue regeneration. Lower vertebrates, particularly tailed
amphibians, are known to have high regeneration capabilities. Moreover, they are capable of
repairing simultaneously several injured organs/tissues. Due to this, regeneration processes in
different organs/tissues of an animal can be investigated in one experiment. It should be noted
here that tailed amphibians are very suitable for space experiments because they have high
viability and can be flown in unsophisticated, inexpensive hardware. The Foton-M2
experiment flown in 2005 was performed using ribbed newts Pleurodeles waltl that were
exposed to lensectomy and 1/3 tail amputation with the purpose of measuring lens and tail
repair.

In 1985 we carried out the first experiment to study spaceflight effects on Urodeki
regeneration. The 7-day flight experiment revealed specific changes in the repair parameters
of I  adult newts [18]. In subsequent flights, we continued and expanded our newt studies.
The data accumulated suggest that the space environment does not inhibit regeneration
potentials of newts: moreover, it often stimulates organ/tissue recovery. In order to better
understand these effects, we focused on the repair of eye lens and retina, forelimbs (muscles
and bones), and tail [19, 20, 7, 4, 13]. As compared to the ground controls, these
organs/tissues regenerated at a faster and a bettersynchronized rate. The accelerated recovery
rate was shown to result from enhanced cell proliferation. Interestingly, it was not only
regenerating cells but also the cells that were not involved in tissue/organ repair that reached
the S-phase within a shorter time. The stimulating spaceflight effect proved to occur not only
during but also after the exposure [18, 19, 20, 21, 8, 9]. The major observations we made in
space-flown experiments were well reproduced in ground clinostat studies that simulated
microgravity effects [2, 3, 4, 6, 12, 13]. It was therefore inferred that microgravity was the
factor that played the key role in accelerating tissue/organ regeneration. However, we did not
have any direct indications of an increase in the number of proliferating cells because
fixations were made before launch and after recovery.

We also made attempts to better understand the factors responsible for the changes at the
cellular level, i.e., those that shortened the time cells needed to reach the S-phase. We
hypothesized that they can include: changed expression of mitogenic growth factors and their
receptors; synthesis of microgravity-specific stress-proteins induced by exposure to an altered
gravity field; changes in circulatory and immune systems [13, 14, 15].

MATERIALS AND METHODS

In order to achieve the experimental goals in the Foton-M2 flight, we performed a large
number of preflight tests the purpose of which was to optimize the delivery of bromo-
deoxyuridine (BrdU), which is a thymidine analog and DNA synthesis precursor, to the flown
newts. The first attempt was to use implanted Alzet minipumps filled with BrdU; then BrdU
impregnated blankets were tried; finally, BrdU filled minipumps were inserted in the wet
blankets covering the ""Triton" container. In all preflight experiments BrdU incorporation in
regenerating eyes and tails, as well as in the skin and internal organs of newts was measured.
The measurements were done using BrdU immunoassays, which included immunochemical
identification of the precursor using specific monoclonal antibodies and comparison with
positive and negative controls. The precursor was detected not only in the cell nuclei of
regenerating eyes and tails but also in internal organs. The preflight tests also helped
determine well-controlled and time-coordinated regimens of BrdU delivery. As a result of the
preliminary tests, it was agreed to insert BrdU filled minipumps into the blankets covering the
"Triton" container. The detailed description of the procedure and hardware can be found in
the paper by Eduardo Almeida and coworkers from NASA Ames Research Center published
in the Proceedings.



The Foton-M2 experiment was performed on adult P. wait I newts (11-12 cm long), which
10 days prior to launch underwent surgical removal of eye lens and 1/3 tail. The procedure
was conducted on 15 flight, 5 basal and 15 synchronous control animals.

The newts were anesthetized, operated and maintained in strict adherence to the Russian
Academy of Sciences rules of animal care and use. On the launch day, the eyes and tails of
basal controls were fixed to identify their regeneration stage. The Foton-M2 flight continued
for 16 days. The synchronous control study began 48 hours after launch to simulate actual
temperature variations in the capsule that were regularly downlinked. However, post-flight
analysis of the temperature profile in the space capsule and in the synchronous control
chamber demonstrated that the flight temperature was lower than expected (19°C vs. 26°C)
and that the synchronous chamber temperature during the last 5 days was higher than in flight
(it occasionally rose to 22-23°C).

After the successful flight, landing and animal return to the Institute of Developmental
Biology, the regenerating eyes and tails of the flown newts and synchronous controls were
fixed for further histology, immunochemistry and molecular biology examinations. Eye
sections were prepared to study regeneration stages and cell mitotic activity in the lens, and
tail sections were made to investigate tissue repair. Morphological parameters were measured
by routine histology on serial sections.

Immunohistochemical examination of the basic fibroblast growth factor (bFGF) expression
was carried out using frozen eye and tail sections by means of indirect immunofluorescence
with antibodies against bFGF (Sigma). Images of regeneration morphology and
immunospecific FITC-fluorescence were analyzed with the aid of an Olympus AH-3
microscope, digital camera, and Studio Lite and Viewfinder Lite software. BrdU
incorporation was measured using a commercial BrdU kit (Zymed), which included specific
anti-BrdU primary antibodies, and staining with secondary antibodies. The study was limited
to several eye and tail sections, which could not provide accurate quantification of the
proliferation rate but allowed an idequate comparison of the pools of labeled cells in the flight
and control animals.

RESULTS AND DISCUSSION

Preflight tests in which BrdU filled minipumps were inserted into the blanket covering the
"Triton" container showed that the label reached not only the skin but also the internal organs
of the animals. Moreover, the precursor was incorporated only in the DNA nuclei of
synthetizing cells and specific staining was characterized by a granular pattern that
distinguished nuclear BrdU from nonspecifically labeled cells (for example, red blood cells).
The incorporation rate was particularly intensive in the skin and eye cornea. Distinct BrdU+
immunospecific staining and a greater number of BrdU+ cells were seen in every actively
proliferating tissue (tail blastema, corneal epithelium. intestinal epithelium, etc.).

Tail regeneration. In basal controls (euthanized on launch day. 7 days after surgery), tail
regenerates reached stage Il (according to the Iten and Bryant [17] classification), which is
characterized by complete epithelization of amputated area and by the beginning of cell
differentiation and prcliferation. Two reproducible immunochemical reactions proved that
there was no BrdU incorporation peior to launch. This was in good agreement with our
expectations: BrdU delivery was delayed by the use of distilled water and mineral oil in the
attachments to the minipumps and was designed to start upon insertion into orbit.

Comparison of tail regeneration in the flight newts and synchronous controls did not show
any significant differences in the regenerate size or the regeneration stage: in both flight and
control animals regenerates were 0.4-0.5 mm long and reached stage I11. Examination of tail
sections demonstrated BrdU incorporation in the proliferating cells of the skin epithelium,
early blastema cells and melanophorous nuclei of both flight and control animals. The
difference was that the number of BrdU+ cells in the flight specimens was about 1.5 times
greater than in the controls: moreover, labeled cells occurred as clusters in the former case



and as discrete cells in the latter (fig. 1). In can therefore be concluded that the experimental
procedure and hardware could provide BrdU delivery to tail regenerating cells in flight and on
the ground and that in space the cell proliferation activity was higher than on the ground.

In the previous Bion-11 flight [5] and clinostat experiments [4. 14], we detected an
accelerated growth rate and an enhanced cell proliferation in the regenerating tissue soon after
recovery and during a lengthy follow-up period. Together with the Foton-M2 findings, these
observations allow the conclusion that the stimulating spaceflight effect on cell proliferation
and tissue regeneration results from gravitational changes the animal experienced at launch, in
orbit during landing, and readaptation to Earth gravity.

In amphibians, tail regeneration is controlled by various factors, including neurotrophic
factors, extracellular matrix and growth factors [1. 10. 11. 22. 1. 16]. It is known that bFGF
and its receptors are involved in the regulation of cell differentiation and proliferation in the
course of U rode la eye and tail development and regeneration [1. 16. 24]. Our study of the
bFGF expression pattern using specific antibodies demonstrated differences between the
flight animals and synchronous controls. In the basal controls, the most intense cytokine
expression was associated with de-differentiated cells of the tail early blastema. Sixteen days
after recovery highly intense immunospecific fluorescence was localized in the tissues
adjacent to the amputation area (skin. muscles, spinal cord, chorda), i.e., in the area where cell
de-differentiation and growth continued. Comparison of bFGF expression patterns in identical
areas and at identical regeneration stages recorded using identical microscope settings
revealed distinct differences between flight and control animals. In the flight animals bFGF
immune response proved to be more stable and intense (fig.2). Interestingly, the difference
was seen not only in the area of muscle-stump dedifferentiation but also in actively growing
areas (spinal cord ependyma and developing spinal column chondroblasts). The specific
pattern of bFGF expression in the flight animals suggests that bFGF may be part of the
mechanism(s) underlying enhanced tail cell proliferation and growth rates in the space
environment.

Lens regeneration. Study of lens regeneration in the basal controls showed that 10 days
after surgery the operated areas reached regeneration stages Il to IV, according to the Yamada
classification [23]. At those stages iris cells, which were the regeneration source, underwent
dedifferentiation and began proliferating actively. This was indicated by specific mitotic
patterns visible in the pigmented cells of the inner layer of dorsal iris. No labeled cells were
detected by means of the BrdU test which confirmed, as was the case with amputated tails,
that the label was not delivered on the ground. Post-flight examinations that took, place 28
days after surgery showed that lens regeneration was noticeably advanced in both flight and
control animals. With respect to the regeneration stage, there was no significant difference:
the flown animals predominantly reached stages V1I1-1X and the controls stages 1X-X. The
number of mitoses per unit of lens regenerate thickness corresponded to to the regeneration
stage: 0.84+0.19 and 0.98+0.17 in the flight and control newts, respectively. The fact that the
synchronous controls showed a slightly higher regeneration rate and greater mitotic activity
can be explained either by individual variations or by the above-mentioned short-term
temperature rise.

Our study of bFGF expression in basal controls demonstrated a low intensity reaction in
the eye growth area (pars ciliaris - ora serrata) and a high intensity reaction in vascular
membranes of the iris and retina. Comparison of bFGF expression in the flight and control
newts, in whom lens regenerate was already formed, showed that bFGF positive immune
reaction occurred in vascular membranes and de novo in the lens epithelium. When
comparing immunospecific fluorescence corrected for bFGF expression in epithelial cells of
regenerating lenses, we noticed the differences observed in tail regenerates, viz., epithelial
cells in the equatorial area of lenses developed a high level of expression in the flight animals



and a lower level in the controls. These observations can be viewed as an indication of bFGF
potential involvement in the regulation of lens regenerate development in space. An intensive
expression of the cytokine detected in regenerating tails and eyes post-flight may be the factor
or one of the factors causing a greater regeneration rate several days after flight that we
previously reported.
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PHOTON M-2 EXPERIMENT MANAGEMENT PLAN

A. EXPERIMENT TITLE: EXPERIMENT "REGENERATION" and EXPERIMENT
"GECKO"

INTACT ANIMAL CELL PROLIFERATION IN MICROGRAVITY

B. INVESTIGATORS/RESPONSIBILITIES:

Russian

USA

Pl: Eduardo Almeida, Ph.D., NASA Ames Research Center

Collaborators:

Ruth Globus, Ph.D. NASA Ames Research Center

Wenonah Vercoutere, Ph.D. NASA Ames Research Center

C OBJECTIVE AND HYPOTHESIS:

Using the vertebrate models in the Foton M-2 mission (geckos and salamanders) we propose
to examine the proliferation of cells in intact live animals during the flight. Cell proliferation
can be upregulated by increased gravity in-vitro (Almeida et al.). Conversely, microgravity-
induced bone and muscle-loss suggest that lack of mechanical stimulation may down-regulate
the proliferative rates of osteoprogenitor as well as other somatic stem cells that are responsible
for tissue regeneration and maintenance. Our working hypothesis is that microgravity decreases
the proliferative rates of somatic stem cells and pluripotent cells like bone marrow
osteoprogenitors.

The specific question we ask, is whether or not microgravity and spaceflight slow down the
growth of cells that regenerate various human tissues such as bone, muscle, blood, et cetera. An
understanding of this issue is key to determining how to design countermeasures for
microgravity and spaceflight tissue loss. Although drugs that prevent bone-loss may be
sufficient to alleviate this specific problem we may have serious additional body-wide tissue
regeneration problems still undetected. This study will tell us if 16-day exposure to
microgravity affects the growth rates of somatic stem cells in the model organisms and will
pave the way to targeting human studies.

D. FLIGHT EXPERIMENT:

1. Overview

Our experimental procedure involves the administration of an immunodetectable nucleotide
analog like BrdU by injection prior to flight, and recovery/paraformaldehyde fixation of bone
and other available tissue samples after the flight for measurement of nucleotide incorporation
in specific cell types. Once recovered samples are sent to our laboratory at NASA Ames
Research Center, we will measure overall proliferation in tissues compared to 1g controls as
well as in cells that express stem cell markers specific to tissues of interest

2. Animal/Specimen Requirements:

Ribbed newts, Pleurodeles waltlii

Geckos, Teratocincus scincis

Oganov.MC

If possible, bone and tissue samples from both species will be used.

Evaluation of cell proliferation in newt bone and tissue samples will expand the analysis of
clonogenic cell response to spaceflight already proposed by Russian scientists at IMBP and the
Institute of Developmental Biology, Russia Academy of Sciences.

Evaluation of proliferative activity of bone cells in geckos will compliment bone histological
and electron microscopy experiments planned by Russian scientists at IMBP and the Institute
of Human Morphology, Russia Academy of Medical Sciences.

3. Data Requirements:

Temperature profile of the flight, g-level profile of the flight, radiation exposure if measured
inflight.

4. Equipment Requirements:

Minimal equipment will be needed. Preflight, this will include standard instruments needed



to inject a non-radioactive proliferation label such as Bromo-deoxyuridine (BrdU), including
syringes, needles, and a device to hold animal motionless if needed. Since injection is already
planned in the Ribbed newt procedure, this is likely to be readily available. Postflight, standard
laboratory tools including dissecting instruments, pipetors, storage tubes, and wet ice container,
will be needed for tissue recovery.

5. Preflight Procedures

Injection with proliferation/DNA synthesis label, such as Bromo-deoxyuridine. This
procedure needs to performed at the last minute before access to the animals is lost.

6. Flight procedures

none.

7. Postflight Procedures

For each species:

Euthanize as soon as possible after flight. Dissection and partitioning of bone and tissue
samples should be done at 4°C. After excision, rinse tissue in PBS and add tissues to tubes of
10% neutral buffered formaldehyde (NBF) fixative at at 4°C. Store and ship fixed tissues in
NBF at 4°C. Tissue samples desired include all tissues containing pluri and totipotent cells with
enphasis on load-bearing long bones and non-load bearing skull bones, skeletal and, heart
muscle, testes/ovaries, intestinal wall, liver, kidney, blood, and if possible regenerating tail
tissue. We desire samples from 6 animals of each condition, space flight, ground, and
synchronous control (if available) for a total of 12 animals. Best results will be obtained if the
same team performs dissections on control and experimental animals. Transport back to NASA
Ames Research Center in NBF at 4°C (on ice without freezing).

E. CONTROL EXPERIMENT(S):

F. PRELAUNCH EXPERIMENTAL VERIFICATION TESTING:

1. U.S. Tests

Determine optimal amount of cell proliferation/DNA synthesis label to use to get measurable
results after 16 days in newts and geckos. Optimize type and concentrations of somatic stem
cell markers to use.

2. Russian Tests

Identify dissection procedures needed to expedite isolation and fixation of bone and multiple
tissue samples.

Oganov.MC



3. Integrated Tests & Baseline Data Collection

Tissues analysis will be carried out at Ames Research Center using conventional and
scanning confocal microscopy and immunofluorescence labeling.

G. SPECIMEN COLLECTION AND LABELING PROCEDURES:

1. Fix (10% Neutral Buffered Formaldehyde) in phosphate-buffered saline pre-chilled at 4°C

2. Following euthanasia, carcass kept at 4°C until tissues dissected

3. Tissues dissected as soon as possible after euthanasia (no later than 1-hr post-death); -
Tissue type, animal identification number, and group labeled on each tube.

4. Samples dissected rapidly from various tissues of carcass and identified

5. Large pieces of tissue cut into small pieces no larger than ~lcma3.

6. Samples placed onto cold fixative (10X volume of tissue)

7. Stored for 24 hrs. at 4 °C in fixative.

8. Change from fixative to Samples to cold, sterile saline PBS.

9. Samples shipped at 4°C to arrive in U.S. within 3 days.

H. ANIMAL PREPARATION/TEST PROCEDURES:

1. Chemicals or Drugs used: State dosage, route of administration, timeline, hazardous (i.e.,
radioactive etc.)

Injection of DNA synthesis label such as bromodeoxyuridine. Dosage will be determined to
optimize results for a 16-day exposure in newts and geckos. A starting dosage is 1:100 vol:wt
of I0uM BrdU. Because gene studies are proposed for newts, it will be important to determine
which DNA synthesis label will not interfere. No radioactive labeling will be used.

2. Incompatibilities for experiment: (i.e., steroids given prior to immunological assays will
affect experiment results)

Delay of tissue recovery beyond 1 week post-landing.

Delay of dissection or heating of carcass above room temperature prior to recovering tissues.

I. DATA SHEET AND/OR FLOW SHEET: if applicable

J. DATA TRANSFER & ANALYSIS REQUIREMENTS/PROCEDURES:

1. Data Recording

Written recording of animal number and whether exposed to 1-g or spaceflight condition.

2. On-site Data Analysis

No on-site data analysis needed.

K. PHOTOS/DIAGRAMS:

None needed.

Oganov.MC



PHOTON-M-2 EXPERIMENT MANAGEMENT PLAN

1. EXPERIMENT TITLE: "REGENERATION"

Spaceflight Effects on Regeneration in Lower Vertebrates: Molecular-Biology and
Cytochemistry Examinations

2. PRINCIPAL INVESTIGATORS:

From Russia: Dr. Victor I. Mitashov mitashov@proxima.idb.ac.ru (Science Adviser), Dr.
Eleonora N. Grigorian and Dr. Elena I. Domoratskaya, Koltsov Institute of Developmental
Biology, Russian Academy of Sciences From US: PI: Eduardo Almeida, Ph.D., NASA Ames
Research Center

3. CO-INVESTIGATORS:

From Russia:

From US: Ruth Globus, Ph.D. NASA Ames Research Center

Wenonah Vercoutere, Ph.D. NASA Ames Research Center

4. OBJECTIVES:

To identify molecular-biological mechanisms of spaceflight stimulating effects on cell
proliferation and tissue regeneration in newts Pleurodeles waltl.

5. BACKGROUND/HYPOTHESES:

It is hypothesized that genes regulating transcription factors, growth factors and their
receptors, as well as chaperons (stress-proteins) stimulate tissue regeneration in microgravity.

Using the newt Pleurodeles waltl we propose to examine the proliferation of cells in intact
live animals during spaceflight. In mammalian models cell proliferation can be upregulated by
increased gravity in-vitro (Almeida et al.). Conversely, microgravity-induced bone and muscle-
loss suggest that lack of mechanical stimulation may down-regulate the proliferative rates of
osteoprogenitor as well as other somatic stem cells that are responsible for tissue regeneration
and maintenance. Our working hypothesis is that microgravity decreases the proliferative rates
of somatic stem cells.

The specific question we ask, is whether or not microgravity and spaceflight slow down the
growth of cells that regenerate various human tissues such as bone, muscle, blood, et cetera. An
understanding of this issue is key to determining how to design countermeasures for
microgravity and spaceflight tissue loss. Although drugs that prevent bone-loss may be
sufficient to alleviate this specific problem we may have serious additional body-wide tissue
regeneration problems still undetected. We hope this study will tell us if 16-day exposure to
microgravity affects the growth rates of somatic stem cells in the newt Pleurodeles waltl, and
will pave the way to more specific human studies of this problem.

6. FLIGHT EXPERIMENT:

1. Overview:

« Pre-flight initiation of tissue regeneration

« Flight experiment using a Newt (Triton) unit

« Post-flight biosample isolation and fixation

« Immunocytochemistry examinations of biosamples

« Molecular-biology studies by PCR and gene array methods

. Basal control - fixation of regenerating tissues on launch day

« Synchronous control - experiment under conditions simulating the flight environment
(except microgravity)

. Laboratory control - experiment simulating pre- and post-flight procedures, using newts
in the aquarial facility

Our experimental procedure involves the administration of the immunodetectable nucleotide
analog bromedeoxyuridine (brdU) in the water available in the triton habitat, followed by
recovery of available tissue samples for measurement of nucleotide incorporation in specific
cell types. Delivery of brdU will be performed using a miniature osmotic pump that will be
programmed to start delivery after the animals reach orbit. Programming is achieved by layering
the brdU containing solution with a layer of inert oil that will delay drug delivery for as long as
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necessary for preflight animal loading into the launch vehicle. We will measure overall
proliferation, morphology and gene expression in flight tissues compared to Ig controls as well
as in cells that express stem cell markers specific to tissues of interest.

2. Animal/Specimen Requirements:

15-20 male and female Newts PL waltl about 10-12cm and 10g will be used

3. Data Requirements:

It is required to have accurate data concerning temperature, g-level and radiation variations
near the Triton unit

4. Equipment Requirements:

It is required to have the facilities and equipment for microscopy, immunocytochemistry and
molecular biology examinations at the Institute of Developmental Biology We will also require
miniature osmotic pumps to deliver brdU. Postflight, standard laboratory tools including
dissecting instruments, pipetors, storage tubes, and wet ice container, will be needed for tissue
recovery.

5. Pre-flight Procedures:

« Basal control and biosample preparation

« On launch minus 4 days place osmotic pumps programmed for 5 day delay and 15 day
brdU delivery in triton habitat water retaining blanket.

. On launch day - fixation of biosamples isolated from 6-8 newts selected from a flight group
of animals

« On launch day - examination of blood cells and hematopoietic organs

« Microsurgical removal of the retina and tail

6. In-flight Procedures: - None

7. Post-flight Procedures:

. Fixation and processing of regenerating and non-operated tissues for further analysis

« MRNA isolation from selected tissues to be determind

« Use of PCR and gene array analysis, in situ hybridization, immunocyto- and histochemistry
methods, PCNA and BrdU assays

« Examinations of blood cells and hematopoietic organs

« Examinations of clonogenic blood-forming cells using quantitative measurements of
morphologically unidentifiable compartment of the hemopoietic system

Euthanize as soon as possible after flight. Dissection and partitioning of bone and tissue
samples should be done at 4°C. After excision, rinse tissue in PBS and add tissues to tubes of
4% neutral buffered formaldehyde (NBF) fixative at 4°C. Store and ship fixed tissues in NBF
at 4°C. Tissue samples desired include a portion of all available issues except eyes, tail, blood
and part of the liver and spleen that will be used by Russian scientists. We will use tissue from
all animals of each condition, space flight, ground, and synchronous control. NASA scientists
will isolate and transport tissues to NASA Ames Research Center in NBF at 4°C (on ice without
freezing) or in paraffin blocks.

7. CONTROL EXPERIMENTS:

Basal at time of launch, asynchronous at IBMP and laboratory controls in aquaria

Clinorotating culture in vitro to simulate 0 g and desktop tissue culture at 1 g

8. PRELAUNCH VERIFICATION TESTING:

1. U.S. Tests:

Test brdU and other immunocytochemical staining in newt tissues To develop a gene array
chip at NASA Ames array to measure newt (pleurodelis walti) gene expression changes with
flight

2. Russian Tests:

« To test the equipment, procedures, fixation times and analytical methods

« To develop additional PCR methods for studying cell proliferation, chaperonins (stress-
proteins) and regulatory genes of Pax, Prox, Six families

. To examine blood cells and hemopoietic organs in untreated newts



. To develop quantitative measurements of morphologically unidentifiable compartment of
the hemopoietic system

3. Integrated Russian and US Tests and Baseline Data Collection: The proposed study of
molecular mechanisms underlying spaceflight effects on cell proliferation and regeneration of
PL xvaltl is a comprehensive investigation to be performed with the aid of a large number of
advanced space and biotechnologies

Study the skin permeability of the newt to brdU dissolved in water.

Study the ability of osmotic pumps to deliver brdU from water soaked carpet in triton

habitat

Animal studies will be conducted in Russia and sample analysis will be conducted in

the US

9. SPECIMEN COLLECTION AND LABELING PROCEDURES:

1. Dissect tissues after euthanasia at 4 oC

2. Fix tissues for paraffin embedding in 4% paraformaldehyde

3. Isolate mMRNA for PCR and gene array studies with oligo d-T methods

10. ANIMAL PREPARATION/TEST PROCEDURES:

It is planned to breed dated animals in our own aquarial facility. Animals that meet specific
age, weight and size requirements will be selected for flight and control experiments. Another
experiment to test the life support system in the Triton unit will be performed. Many other tests
will be carried out to finalize various procedures, biosample fixation and analytical methods.

1. Chemicals or Drugs used: State dosage, route of administration, timeline,
hazardous (i.e., radioactive etc.)

brdU will be administered via osmotic pumps in the water retainig blanket of the triton
habitat

No radioactive labeling will be used.

2. Incompatibilities for experiment: (i.e., steroids given prior to immunological
assays will affect experiment results)

Delay of tissue recovery beyond 1 week post-landing.

Delay of dissection or heating of carcass above room temperature prior to recovering tissues.

11. DATA SHEET AND/OR FLOW SHEET:

PC and CD with texts and illustrations

12. DATA TRANSFER AND ANALYSIS REQUIREMENTS/PROCEDURES:

1. Data Recording: see above

2. On-site Data Analysis:

Macroscopic examination of the flight animals with a focus on operated tissues

1. Data Recording

Written recording of animal number and whether exposed to 1-g or spaceflight condition.

2. On-site Data Analysis

No on-site data analysis needed.

13. PHOTOS/DIAGRAMS:

To be attached to the final science report



IIVIAH TPOBEJIEHUSA SKCIIEPUMEHTOB "PEI'EHEPALIUA" U
"TEKKOH" 110 TIPOEKTY "®OTOH"-M-2

1. HA3BAHHUE OKCIIEPUMEHTOB: "Perenepamusa" wu "['ekkon": Kierounas
npoiudepanus y MHTAKTHBIX )KHBOTHBIX B YCIOBHSIX HEBECOMOCTH

2. OTBETCTBEHHBIM UCIIOJTHUTEJIb:

Ot Poccun:

Ot CIIA: I-p Dnyapno Anmeiina, DimMcckuil uccneaoatenbckuid neHTp HACA

Coucnonuutenu: I-p Pyds ['modyc, Ditmcckuii uccnenoparensckuii ieaTp HACA

I-p Bunona Bepkytep, DiiMcckuii uccnenoatenbckuii nentp HACA

3. 3AJJAYN U TUTTIOTE3bI:

Msb1 npemnaraem ucnosib3oBaTh B nojere KK "®otoH"-M-2 MHTAKTHBIX MO3BOHOYHBIX
JKUBOTHBIX (T€KKOHBI M TPUTOHBI) C IEJIbI0 H3yUeHUS KICTOYHOU MPOoIHQepanuu B yCIOBHUIX
KocMuueckoro mnoieta. Kak mokazanu Haliv OMBITHI in Vitro, B YCIOBUSIX THIEPTPaBUTALIUN
KJeTouHas mponudepamys moxer yeenmuuBarbes (W. A. Vercoutere, M. Parra, C. Roden,
M. DaCosta, A. Wing, C. Damsky, E. Holton, N. Searby, R. Globus, and E. Almeida. Constant
Applied Force Stimulates Osteoblast Proliferation Via Matrix-Integrin-Signaling Pathways.
Molecular Biology of the Cell, 2003, VVol. 14, 205a-206a) . I Hao60poT, yMEHbBIICHUE MaCChI
KOCTHOM M MBIIIEYHOM TKAHM B HEBECOMOCTH IO3BOJISCT MPEANOJIOKUTh, YTO OTCYTCTBHUE
MEXaHUYECKON CTHUMYIISIIIMM MOKET MPUBECTH K CHIDKEHHUIO CKOPOCTH mpoiudepanuu Kak
KJIETOK-TIPEAIIECTBEHHUKOB ~ OCTEOreHe3a, TaK M JPYTUX  COMAaTMYECKUX  KIETOK,
yYacTBYIOIIMX B pereHepauuu TkaHeil. Hama paGouas rumore3a COCTOMT B TOM, YTO
B YCJIOBHSIX TIOHWKCHHOW TPaBUTAIIMH CHUKACTCS CKOPOCTH MpOoJUdepanuy COMAaTHISCKUX
KJIETOK, BKIIOYas CKOPOCTh HpoiuQepaluu IUTIOPUIOTEHTHBIX  KIETOK, Hampumep
OCTEOIPEIIECTBEHHUKOB B KOCTHOM MO3TE€.

KoHkpeTHbIN BONPOC, HA KOTOPBIN MBI IBITAEMCS] HAUTH OTBET: 3aMeJJISIET I HEBECOMOCTb,
a Takke JApyrue GakTopbl KOCMHYECKOTO TOJIETa POCT KJIETOK, OMPEACIISIONINI pereHepaIuo
pa3IMYHBIX TKAHEW OpraHu3Ma 4YeJlOBeKa, HalpUMEpP, KOCTHOW, MBIIIEUYHOM, KJIETOK KPOBU U
rp. OTBET Ha 3TOT BOIIPOC UMEET PEIIAIOIIee 3HAUCHUE TIPU BHIOOPE CPEACTB MPOPIIAKTHKH.

[IpumeneHnue ¢papMakoIOTHYECKHX MPENnapaTroB B KayecTBe MPO(UIAKTUKA YMEHBIICHHS
MacChl KOCTHOM TKaHU MOJKET OBITh JOCTATOYHBIM JJISl PEUIEHUs dTOW MPOOJIEMbI, HO MBI HE
MO>XEM HUCKIIFOUUTh BEPOATHOCTh HAPYILIEHHS] PET€HEPAaTHUBHBIX CBOMCTB M APYIMX TKaHEH.
[IpenyaraeMblil SKCIIEPUMEHT TTOKAXKET, BIUSET JIM MpeObIBAaHNWE B YCIOBHUSIX HEBECOMOCTHU B
TedeHne 16 CyTOK Ha CKOPOCTh Mpoiudepanud COMAaTHYECKHX KJIETOK Yy JKUBOTHBIX, U
MTOMOJKET MOCTAaHOBKE COOTBETCTBYIOIIUX MCCIIEIOBAHUM HA YETIOBEKE.

4. TIOJIETHBIM DKCITEPUMEHT:

1. O61ee onucanue:

[IpoTokon Hamiero 3KCIepuMEHTa MpeycCMaTpPUBAET BBEACHHUE JIO TOJIETa HYKJICOTHITHOTO
aHaiiora Ttuna Opom-ae3okcuypuanH (BrdU), BbISIBISIEMOrOo MMMYHHBIMH METOJAaMHU, U
MOCJICTIONETHYIO (hUKCAIUio B TapadopMaliberuie KOCTHOW U APYTUX MOTYIECHHBIX TKaHEH C
MOCJIEIYIOIIUM OMNpPENIEeIEHUEM CKOPOCTH BKIIIOUEHMSI HYKJIEOTHJA B KIETKH Pa3IMYHbIX
TkaHed. [locne momyueHus Onomarepuana Mbl IPOBOAMM B cBoel maboparopun (DiMccKuit
uccienoparensckuid eHTp HACA) ompenenenne KIeTOYHON mponudepanuu B MOJETHBIX U
KOHTPOJIBHBIX MP00ax, a TAaK¥Ke B KJIETKaX C IKCIPEcCHen CriennPpruIecKux MapKepoB.

2. TpeOGoBanus K OMOOOBEKTAM:

DKCMEPUMEHTHI TPOBOIATCS HAa KOCTHOM M, €CITM MOXXHO TMOJY4YUTh, JAPYTUX TKAHIX
urnucroro Tputona (Pleurodeles waltlii) u rekkona (Teratocincus scincis) .

Hammu mannple 1o KJI€TOYHOW Tpoiudepanuy TKaHeH TPUTOHA TIOCITYKAT JOTOJTHEHUEM K
pe3yibTaTaM HU3YYeHHs PEaKIMH KJIOHOT€HHBIX KJIETOK Ha (aKTOphl KOCMHYECKOTO IMOJeTa,
noydeHHbIM crienranuctamu UMBIT u MactutyTa 6uonoruu pazsutust PAH.

Hamm pannele mo mposinepaTHBHOW AKTUBHOCTH KIIETOK KOCTHOM TKAaHHW TE€KKOHOB
MOCITY>KaT JIOTOJHEHHEM K pe3yJbTaTaM T'MCTOJIOTMYECKHX M AJIEKTPOH-MHKPOCKOMUYECKHX
uccneioBaHuid, npoBoauMeIx crienuaniucraMmu UMBIT u MactuTyTa Mopdonoruu 4eaoBeka



PAMH.

3. TpeGoBaHMS K pETUCTPUPYEMBIM TAaHHBIM:

Heo0xoauMbl JaHHBIE 110 TEMIEPATYPHOMY PEKUMY, YPOBHIO TPAaBUTALIMU M PAJUAIUH B
MOJIETE, €CIIH TAKOBBIEC UMEIOTCSL.

4. TpeboBaHMsI K HAyYHOH ammaparype:

Munumaneseie. J[o monera moTpeOyrOTCS CTaHIAPTHBIE WHCTPYMEHTBI ISl MHBEKIUU
HEpaJAMOAKTUBHOM METKH THIA OpOM-IAC30KCUYPUAMHA, BKJIIOYAs IIIPULBI, WIJIBl |
npucrnocoOsIeHue, B ciaydae HeoOX0IMMOCTH, IS 3akuMa >KuBoTHoro. Ilo Bceit Bunmumoctu,
BCE OTU HMHCTPYMEHTBl HMEIOTCS, IIOCKOJIbKY HWHBEKIUU HpeaycMmarpusarorcss EMP
JKcrepuMenTa ¢ TputoHamiu. [locne nonera norpedyeTcs HaIMYMEe OOBIYHOTO TAOOPATOPHOTO
000pyI0BaHUSs, B TOM YHCJIE MPUCIIOCOOICHHS IS BBIACTICHNUS TKaHEH, MUIETOPbI, TPOOHPKU
JUISL XpaHEeHUs OMoMarepuasna U KOHTeHHEp IS JIbJa.

5. IlpenmnosieTHbie MPOLETYPHI:

BBenenue meTku it onpezenenus ckopoctu nponudepanuu u cuntesa JJHK, nanpumep
OpOM-1€30KCHypUIMHA. DTY MPOLEAYPY HEOOXOIMMO POBECTH B TIOCIICIHIOI0 MUHYTY IIE€pe
MOCAKOM >KUBOTHBIX.

6. [TonerHsie poneayphl:

Her.

7. IlocnenoneTHble MPOLEAYpHI:

JKvBoTHBIEC MOABEpPrarOTCs dyTaHA3UU Cpa3y MO OKOHYAHHUM TojieTa. 3a00i U BBIACICHUE
KOCTHOM M Jpyrux TKaHed mpoBoautcs mpu 4 °C. BeineneHHbIe TKaHU TPOMBIBAIOT B
duspactBope ¢ ¢ocharueiM Oydhepom u momemaroTr B npobupku ¢ 10% HEHTpaibHBIM
3a0ydepennbM hopmanpaeruaom npu 4 °C. 3aduKCHpOBaHHBIA TaKMM 00pa3oM MaTepHa
XpaHat u Tpancnoptupyrot npu 4 °C. [Ipu 3ToM HaM X0TeJa0Ch ObI MONYYUTD JIFOObIE TKAHU,
coJepKalie IUTIOPU- M TOTUIIOTEHTHBIE KIETKH M, B TIEPBYIO OYEpenb, JUTMHHBIE KOCTH
CKeJleTa, HeCyll[Me BECOBYIO Harpy3Ky, U KOCTH uepena M CKejleTa, He HECyIlue BECOBYIO
Harpy3Ky, a Takke o0pas3Ipl TKaHeW CepIeYHON MBIIIIBI, CEMEHHUKOB/TUYHUKOB, CTEHOK
KUIIEYHHKA, IEYeHHU, ITOYEK, KPOBH M, €CIIM MOXKHO, pereHepupyromiero xsocra. Ham xorenochb
OBI TOJTYYUTH OMOMaTepHal OT O MOJIETHBIX U O KOHTPOJIBHBIX )KUBOTHBIX (TUTFOC OT )KUBOTHBIX
CHUHXPOHHOI'O KOHTPOJIsI, €CIIM OH OyJeT MPOBOAUTHCS). J{jIsi rapaHTUM KauecTBa HKCIIEpUMEHTA
KeNaTeNbHO, 4TOObI 3200 M BBIACTICHHE TKAHEH NOJETHBIX M KOHTPOJBHBIX KUBOTHBIX
BBITIOJHSUTM OJTHU M T€ K€ CHEIUANINUCTHL. 3adUKCHpOBAaHHBIA OHMOMaTepuan OTHPAaBIsSETCS B
Olimcckuii uccnenoBarenbekuil HeHTp HACA B TpaHCTIOPTHOM KOHTEHEpe ¢ OOBIYHBIM JIbJIOM
npu 4 °C (6e3 3aMOpO3KH).

5. KOHTPOJIbHBIE 5KCITEPUMEHTHI:

6. [IPEATIOJIETHBIE BEPUOUKALIMOHHBIE UCTIBITAHUA:

1. AMepuKaHCKHE NCTIBITAaHHS:

Llens - ompenenuTh ONTUMAIBHBIA 00BEM METKHU JUIsl BBIIBICHUS M3MEHEHUH CKOPOCTH
kjeToyHoi nponudepanuu u cuHte3a JIHK y rekkoHoB u TpuToHOB mocie 16-CyTo4HOro
M0JIeTa; 10100paTh ONTUMANIBHBIN THUIT U KOHIIEHTPALUIO MAPKEPOB JJISi COMATHUECKUX KIIETOK.

2. Poccuiickre UCTIBITaHUS:

Llens - oTpaboTaTh Npoueayphl BhIACICHH OHoMaTepHrala ¢ IeNIbI0 COKpAIIEHUs BpEMEHH,
HEOOXOIMMOTO ISl BBIJCTICHHSI U (PUKCAIIMA KOCTHOW W IPYTUX TKaHEH.

3. KomruiekcHbIe UCTIBITAaHUS ¥ PETUCTPAIIHMS HCXOTHBIX JaHHBIX:

AHanmu3 TkaHel B JabopaTropum DWMCCKOro wuccienoBarenbckoro 1eHtpa HACA
IPOBOJUTCS C UCIOJIB30BAaHMEM OOBIYHOTO U CKAaHUPYIOIIEro KOH(OKAIBHOTO MUKPOCKOIA U
UMMYHO(DITyOpecpyomeil METKH.

7. B3ATUE BUOMATEPUAITI U CIIOCOBbl MAPKUPOBKU:

o Qukcanms (10% HeWTpanpHBIA 3a0ydepeHHbld (opmanbaerua) B (GU3pAcTBOpPE C
dochatasiM Oydepom, mpeaBapUTEIHHO oxJaxaeHoM npu 4 °C

« [locne syranasuu u 10 BBIACICHUS TKaHEW TylIKa XpaHutcs npu 4 °C

« Brigenenue Tkanel mpoBoIUTCS Cpasy MOCe 3yTaHa3uu (He 1o3ke 4eM uepes 1 yac mocie



cmeptH). Kaxnas mpoOupka MapKHpyeTcsl ¢ yKa3aHHEM BHJA TKaHU, UICHTU()UKAUOHHOTO
HOMEpa >KUBOTHOTO U IPYMIIbI )KUBOTHBIX (TIOJIET, KOHTPOJIb)

o [IpoBogucss ObICTpoE B3siTHE O0Opa3lOB pa3IMYHBIX TKAHEH C COOTBETCTBYIOLICH
MapKUPOBKOM

« bonbime oOpa3iel TkaHeH pa3pe3aroTcs Ha MOJIOCKU He Ooiiee npumepHo 1 kyO. cm

« [ToaroToBiienHBIe 00pa3IBI KJIATYT B OXJIakAeHHbIN GukcaTop (10 X oT oObema TKaHH)

« O6pasue! xpassr B pukcarope mpu 4 °C B TeueHue 24 4acoB

« OOpa3upl nepexIaabBaloT U3 (QUKCATOpa B OXJIAXKIACHHBIH CTEpUIIbHBINA (U3PACTBOP C
docharasiM Oydepom

« OOpa31pl OTHPABISAIOT B TPAHCIOPTHOM KOHTeHHepe npu 4 °C ¢ TeM, 4TOOBI Tpy3 PUOBLIT
B nabopatopuro DiiMcckoro uccienonarenbekoro neHtpa HACA He mo3anee, yeM uepes 3
CYTOK

8. IIOAI'OTOBKA BUOOBBEKTOB/METO/1bl TECTUPOBAHUAI:

1. Hcnonb3oBaHHBIE pEaKTUBBI WM (QapMipenapaThl: YKa3aThb JIO3UPOBKY, CIOCOO
BBEJICHUS, rpauK, OMOOMACHOCTb

WNubekiuss metku cunre3a JIHK, nHampumep Opom-ne3okcuypunuHa. Omnpexpensiercs
ONTUMAIIBHBIA 00BEM METKH [UIS ONpEICNiCHHs HW3MEHEHHH CKOPOCTH KIETOYHOM
npoiudepannn u cuHresa JIHK y rekkoHOB M TpUTOHOB mocie 16-CyTOYHOro mosera.
Hauvanpaas nmosza: 1:100 o6/Bec 10 MM Opom-zme3okcmypunuHa. [1oCKoONbKY Ha TpPUTOHAX
MpeIaraloTcs reHeTHUeCKUe UCCeIoBaHus, He00XoauMo noaoopare MeTky cunTe3a JIHK,
KOTOpas HE OKaKeT Ha HHUX HEXKEJIAaTelIbHOTO BIMSAHUS.  PaguoakTUBHBIE METKH HE
MPUMEHSIOTCS.

2. HecoBMecTUMOCTh € IPYTMMH SKCIIEPUMEHTaMHU (HAaIpUMep, BBEIEHHE CTEPOUIIOB JIO
MMMYHOJIOTHUECKUX MCCIIEAOBAHUN UCKA3HUT UX PE3YNIbTATHI):

« Henp3st mpoBecTy BhIZeNICHHE TKAHEH CITYCTS HEJEITIO TIOCIe MOJIeTa

- Henp3s 3anmepxuBarh 3a00i MM XpaHWUTh TYUIKY NPH TOBBIILIEHHOH TeMmIepaType [0
BBIZICTICHUS TKaHeH

9. ®©OPMA PETMICTPALIMU JIAHHBIX: Her

10. TPEBOBAHUA 11O OBMEHY JAHHBIMU U X AHAJIN3Y/METO/BI:

1. Peructpanus qaHHbIX: 3anici HOMEPA KMBOTHOTO M JAHHBIX IO YPOBHIO NEPErpy30K

2. AHaym3 TaHHBIX Ha MecTe 3amycka/mocaaku: Her

11. ®OTO/ANATPAMMBI: Her

5/5/04 DRAFT printed5/25/04

MPOT'PAMMA MPEJIOJATAEMbBIX UCCJIEJJOBAHUM BJIMSIHUS
DAKTOPOB ITOJIETA HA KJIOHOI'EHHBIE KPOBETBOPHbBIE
KJETKHN U PETEHEPALIMIO TKAHEW Y TPUTOHOB,
HAXOIAIUXCSA HA BOPTY BUOCITYTHHUKA B 2005 T.

PykoBoaurenu: akagemuk H.I'. Xpymos
1.0.H., mpod. B.M. MuTtamos

O06ocHOBaHME IKCIIEPUMEHTOB M Pe3yJIbTAThl NMPeAIIeCTBYOIINX
HCCJIeI0OBAHMM.

AKTYanbHOCTh U3Y4YCHHs BIUSHUS (PAKTOPOB KOCMHYECKOTO MOJIeTa Ha pereHepalioOHHbIe
MPOLECChl Yy TMO3BOHOYHBIX 3aKIOYeHa B HEOOXOAUMOCTH MPEABUAECTh OCOOCHHOCTH HX
MMPOTCKAHUA Y )KUBOTHBIX W YCJIOBCKA, HAXOAAMIUXCA B KOCMOCC U B YCIIOBUAX pCadalTallun
nmocjae Bo3BpamieHUss Ha 3ewito. [lomMMMO 53TOro HE3aBUCHMMBIA HAay4YHBI HMHTEPEC
NpEACTaBIACT UCCICAOBAHNC MOJICKYIIAPHBIX W KJIICTOYHBIX MCXAHU3MOB BJIMSAHUSA q)aKTOPOB



110JIETA ¥, B YACTHOCTH HEBECOMOCTH, HA BOCCTAHOBUTEJIBHBIE IIPOLECCH Y TTO3BOHOYHBIX U
yenoBeka. Hwusimme no3BOHOYHBIE U, B OCOOCHHOCTHM XBOcTaTble amdubuu, oOnagaroT
HaMTy4Iled criocOOHOCTBIO PETeHEPHPOBATh pa3HbIe OPraHbl M TKaHU. boiee Toro, B ciydae
HOBPEXJCHHUS HECKOJbKMX pa3IM4YHBIX TKAaHEW IMPOLECC HX pPEreHepaluyu MPOXOIUT
OJIHOBPEMEHHO U MOJHOLEHHO. JTO M03BOJISET U3yYaTh HECKOJIBKO PEr€HEPUPYIOLINX CUCTEM
Y OJIHOT'O U TOT'O K€ ’KUBOTHOI'O B OZJTHOM U TOM K€ SKCIIEpUMEHTE.

Ha npoTspkeHrr MHOTHX IECSTKOB JIET 3TH )KUBOTHBIE CITY)KaT HE3aMEHUMBIM 0ObEKTOM JUISI
U3y4eHHMs] MEXaHU3MOB PpEreHepaluy y IM03BOHOYHBIX. biaromaps 3ToMy K Hacrosemy
BpPEMEHHU HaKoIUIeHa OoOmmMpHast MHGOpMaLUs O KIETOYHBIX U MOJICKYJISAPHBIX MEXaHU3Max
BOCCTaHOBJICHHUs CaMbIX pa3HbIX TKaHEH: XpycTajMKa, CeTYaTKH TIJja3a, MBI, KOCTH
KOHEYHOCTH, I03BOHOYHHMKA U CIIMHHOT'O MO3T'a XBOCTa, KPOBETBOPHBIX OPraHOB U KPOBHU. DTO
CIIY’)KUT B@)XKHOM TEOPETHUECKOM M SKCIEPUMEHTAIbHOM OCHOBOM Ui IPOBEACHUS
UCCJIEJOBAHUM 10 pereHepanyy B SKCTPAOPANHAPHBIX YCIOBHUSAX, B TOM YHCIE KOCMUUYECKUX
nojerax. XBocTarele amMpuOUu, KpOME 3TOro, OYeHb YAOOHBI JUIs MCIOJb30BaHHUS B
OpOUTANIbHBIX MOJETaX Ha OOpPTY OMOCIYTHHUKOB, TEXHHUUYECKHUX CIIyTHHUKOB U OpOMTAJIBHBIX
CTaHLUH, TaK KaK OHM HENPHUXOTIMBBI, OOJIAZIAI0T XOpOILIEH >KU3HECHOCOOHOCThIO, a MX
coJiep;KaHue He TpeOyeT CIelHaIbHOr0 JOPOTOCTOSALIEr0 000Py10BaHUS.

[lepBblif 3KCHEPUMEHT IO H3YYEHHIO BIUSHHUS (AKTOPOB KOCMUYECKOIO IOJIeTa Ha
pereHepaIyio y XBoCTaThlx aMmpuOuii ObUT mocTaBieH Hamu coBMecTHO ¢ IMBIT B 1985 1.
Torna OblIN BBISIBIEHBl 0COOEHHOCTH pereHepaliy y B3pOoCiblX TPUTOHOB, SKCIIOHUPOBAHHbIX
B KOCMOce B TeueHue 7 JHell. B nanbHeileM 3KCHEpUMEHTHI IO pereHepanuu Obuin
IPOJIOJDKEHBI, PACHIMPEHbl M YacTUYHO MoaupuuupoBaHbl. B oOmel cioxxHOCTH OBLIO
IIPOBEJCHO JEBATH IKCIEPUMEHTOB, MOCIEIHUMN U3 KOTOPBIX B 1996-1997 r.r. B pe3ynbrare, B
HacToslIlee BpeMs Mbl pacrojiaraeM UH(opMaiuei, CBUAETEIbCTBYIONIEH O TOM, YTO yCIOBHUS
KOCMHUYECKOI'0 I10JIeTa HE YTHETAIOT PereHepaliOHHbIe IOTEHIUU 3THUX JKUBOTHBIX, a 4acTo,
HAIPOTHUB, OKAa3bIBAIOT CTUMYJIMPYIOIEE BO3JEHCTBUE HA BOCCTAHOBIIEHUE OPIaHOB U TKAaHEH.
B oToli cBA3M ObUla M3ydeHa pereHepanusi XpycTajJiKa W CETYaTKW TIJja3a, IepenHein
KOHEYHOCTH M OTJAEJIBHO MBIUII] M KOCTH, TKaHEH XBOCTA, U TOM YHUCIIE IO3BOHOYHHKA U
cnuHHOro Mo3ra. Okasanoch, 4TO pereHepanusi BCeX NepedyHCIeHHBIX TKaHeW W OpraHoB B
YCIIOBHSX MOJIETA OCYLIECTBIsIETCs ObIcTpee, 3P pekTHBHEE U 00JIee CHHXPOHHO MO0 CPAaBHEHUIO
C Ha3eMHbIMH KOHTpOJSIMH. B oOCHOBE Takoro YCKOpPEHMsI JIEKUT YBEIMUEHUE
nposin(epaTUBHOW aKTUBHOCTH KJIETOK. IIpH 3TOM yCKOpeHHBIH BXOJ B S-(pa3y KIETOYHOro
IMKJIa OBbLT OTMEYEH HE TOJIBKO JIJISl HEMOCPEICTBEHHO YYacTBYIOIIMX B PEreHEpaliy KIIETOK,
HO U MEJIEHHO LIMKJIMPYIOIUX KJIETOK, IPSAMO HE CBS3aHHBIX C BOCCTAHOBJIEHUEM YKa3aHHBIX
yTpadeHHbIX opraHoB. CTuMynupytoiei pereaepanuio 3 exT, oka3pIBaeMblii KOCMHUYECKUM
MIOJIETOM OKA3aJICSl MPOJOJIKUTENBHBIM U JEHCTBYIOIMM HE TOJIBKO, M HE CTOJIBKO BO BpPEMS
1oJIeTa, HO W 3HaYMTeIbHOE BpeMs mocite mosera (Mitashov et al., 1987, 1990, 1994c¢; 1996;
['puropsin u ap.1992; Tyukosa u ap., 1994; bpymnunckas u ip.,1994,1997). BaxHo oTMETUTD,
YTO BCE OCHOBHBIE PE3YJbTAThl HAIIMX 3KCIEPUMEHTOB B I€JIOM BOCIPOM3BOAMIIUCH KaK B
CEpUHU IIOJIETOB, TaK M B HA3EMHBIX HMCCIEIAOBAHUAX, NPU CUMYJSALUN MHUKPOIPABUTALUU C
MOMOIIBI0 OBICTPO Bparmaromierocss kiumHocrata (Anton,Grigoryan,1993a,b; Anton et al.,
1994;1996,1998; Grigoryan et al.,1994,1998). Takum oOpa3om, cpeau (aKTOPOB MOJIETA,
CIIOCOOHBIX MEHATH CKOPOCTh PEreHepaluy, Beayllas poJib Obula OTBEEHA MUKPOTPABUTALIUH.

OgHUM U3 HENpPEeMEHHBIX YCIOBUH KOCMHUYECKMX IOJETOB SIBJISIETCS HOPMAJIbHOE
(GYHKIIMOHUPOBAaHHE KPOBETBOPHOW CHCTEMBbI 4YellOB€Ka M KUBOTHBIX. [lo JaHHBIM
MHOT'OJIETHUX HMCCJIEOBaHUN MpeObIBaHUE B KOCMHUYECKOM II0JIETE BBI3BIBAET y UEIOBEKa U
MJIEKOTIUTAIONINX YMEHBIIEHUE IPUTPOUTHON MAcChl U COAEP’KaHUS IPUTPOLIUTOB, 0ObeMa
IUIa3MBbl, YBEJIMYEHHE YPOBHS CIIOHTAHHOTO TIEMOJIM3a JPUTPOLMTOB, COKpAlllEHUE
NPOJODKUTEPHOCTH JKM3HH M COJAEpP)KaHHUS TeMOINIOOMHAa B JPUTPOLUTAX U T.I.
DKCcIepUMEHTHI, BHIIOJIHEHHBIE C HAIIUM y4yacTHeM Ha OuocmyTHHKax cepun «Kocmoc» Ha
MJIEKOIIUTAOMUX (KpbIcax), IMOKa3ajJd, 4YTO H3MEHEHMsI KPOBHU, 3apETUCTPUPOBAHHBIE Y
YeJI0BEKAa W MIJIEKONMTAIOIINX, CBSI3aHbl C YTHETEHHEM MHenonon3a. OHM B 3HAYUTEIBHON



CTETICHU SIBJISIIOTCS KOHEYHBIM Pe3yIbTaTOM BO3ICHCTBUS (PaKTOPOB KOCMUYECKOI'0 MOJIeTa Ha
Oonee paHHHE, MOP(HOJIOrMUECKH HEpa3IMYUMBIE CTaJWUd KPOBETBOpPHOro auddepoHa u,
MPEXJIe BCEro OT/EI CTBOJIOBBIX KPOBETBOPHBIX KJIETOK, 00ECIIEUMBAIOIINX OOHOBJICHUE KPOBH
U TOJJIepKaHie KpoBeTBOpeHHs Ha mocrtossHHOM ypoBHe (Vacek et al., 1985, 1988). B
HKCIEPUMEHTAaX, MPOBOAMBIIUXCS Ha OopTy OmocmyTHuKoB «buon 10» u «buon 11» Obu10
UCCJIEIOBAHO BIMsHHE (DAKTOPOB IOJIETa Ha KPOBb M KJIOHOTEHHBIE KPOBETBOPHBIEC KJIETKU
TPUTOHOB, B PE3YJIbTATE YETO OBLIIO OOHAPYKEHO MPUHIMITHAIBHOE CXO/ICTBO MOCIETIOIETHBIX
M3MEHEHUH cocTaBa nepudepruueckoil KpOBU ¢ OTMEYAEMbIMU B MOJIETAX y MIIEKOMUTAIOIINX.
[Tony4yeHHbIe TaHHBIE CBUICTEIHCTBOBAIM O TOM, YTO TPUTOHBI MOTYT CIYXHTb aJIeKBaTHO
BbIOpaHHBIM OOBEKTOM HCCJEIOBaHUS BIUSHUS (DAKTOPOB KOCMHMYECKOTO II0JIeTa Ha
pereHepanuio KpoBHu. BriepBeie HaMu OBLIO MOKa3aHO, YTO KPOBETBOPHBIE KJIETKH TPUTOHA
MOTYT PENONYyJIUPOBAaTh KPOBETBOPHBIE OpraHbl OOJIYYEHHBIX TPUTOHOB-PELUIIUEHTOB U
00pa30BbIBaTh B HUX KPOBETBOPHBIE OUaru-KOJIOHUH. Takke BriepBbie ObLT BBISIBIICH (PEHOMEH
JI030BOM 3aBHCHMOCTH MEXAY YHCIOM TPaHCIUIAHTUPOBAHHBIX KPOBETBOPHBIX KJIETOK U
YHCIIOM KPOBETBOPHBIX KJIETOK B IEYEHH 00Jy4YeHHBIX TpUTOHOB-perunuentoB (Michurina et
al., 1996; Domaratskaya et al, 2002 ). Otu (akTbl UMEIOT MPHOPUTETHOE 3HAYCHHE M
JEMOHCTPUPYIOT BO3MOXHOCTb KOJINYECTBEHHOTO aHaIM3a MOP(OTIOTHIECKU
HEPACIIO3HABAEMBIX KJIOHOTEHHBIX KPOBETBOPHBIX KJIETOK y HHU3LIMX MO3BOHOYHBIX. JTHU
JTAaHHBIE MTO3BOJIIOT TAK)KE IPOBOIUTH CPABHUTEIBHBIEC UCCIICAOBAHMUS KPOBETBOPHOI TKaHU y
JKUBOTHBIX pPa3HBIX cuUcTeMaTHueckux rpynm. [lomydeHHble BrepBble CBEICHHUS 110
pereHepanyy KpoBH y TPUTOHOB B OPOUTAIBHBIX TOJETAaX TPEOYIOT JAIbHEHIEro aHanmsa u
COTIOCTABJICHUS C JAHHBIMU 10 PETeHEepalluu APYTUX TKAHEeH y TeX K€ )KUBOTHBIX.

[Tocne Toro, kak ObLT OOHAPYKEH M U3YYEH CBSI3aHHBIN C MUKPO-«J» (DEHOMEH yBEITHUCHHS
CKOPOCTM  pereHepalMd  3a CuUeT YBEIWYEeHHUS  Ipoiu(epaTUBHON aKTUBHOCTH,
T GepeHIIMPOBKH KIETOK M MOCIEIYIOMEro MophoreHe3a pereHepupyroInX TKaHeH CTajio
HaCYIIHBIM Hay4yHOEe OOBSICHEHUE 3TOTO SIBICHUS. 3a BpeMs IPOBEACHUS UCCIIEI0BaHUN ObLIH
BBIJIBUHYTHI Pa3ITUYHBIC TUTIOTE3bI BIMSHAS N3MEHEHHOTO BIIMSHUS TPABUTAIIHOHHOTO TTOJIST Ha
pereHepanuio. B pabotax mMbl 00CyX/1aI BOMPOCHI U3MEHEHUI Ha yPOBHE 1IEJIOT0 OpraHu3ma
TPUTOHA:  BOJHO-COJIEBOTO  OajiaHCa, TOPMOHAJIBHOTO  CTaryca,  JIEATEIbHOCTH
yapTUMOOpaHxHanbHOH xkene3sl (Mitashov et al., 1996; Bpyuuunckas u np., 1997). Onnako
He OBUTO BBISBJICHO B3aUMOCBSI3M MEXIYy M3MEHEHUSMH B KPOBETBOPEHHH W PETeHEpaIfu
JPYTUX UCCIIEIOBAaHHBIX TKAHEH.

He3aBucumo penamuch MONBITKA HAWTH OOBSCHEHHS W3MEHEHHSIM, MPOHMCXOIIINM Ha
KJIETOYHOM YpOBHE. MBI paccMaTpUBaId W3MEHEHHsI SKCIIPECCUU POCTOBBIX (PAKTOPOB U MX
PELenTopOB, a TaKKe WHAYIHPOBAHHBI M3MEHEHUSMH TPABHTAIMOHHOTO BEKTOpa CHHTE3
OTpeIeSICHHOTO crienr(ruIecKkoro Habopa OeaKoB reHepain3oBaHHOro crpecca (Grigoryan et
al., 1998; 2000). C napyroii cTopoHBI B JjgabopaTOpWM HaKaluIMBajdach HHMOpPMAIHS O
FOMEOOOKCHBIX PETYIATOPHBIX T'eHaX, Y4aCTBYIOIIUX B PETYISIMH TPAHCKPHUIIIIUN B Pa3BUTUH
U pereHepaliy TKaHeH riia3a, KOHEYHOCTH U XBocTa y TpuToHa. C HCIOIb30BaHUEM MeTo 1A in
situ ruOpunmzanmu nokanuzoBam MPHK  perynsTopHbIX T€HOB Ha pasHBIX CTaIHsIX
pereHepani XpycTallMKa M CeTYaTKH. llodmydeHHBIe pe3yabTaThl CBUAETENBCTBYIOT 00
aKTUBAIMU SKCIIPECCUU PETYIATOPHBIX T€HOB B XOJ€ pereHepanuu. HecMoTpst Ha 3TO 4eTKUX
OKCTIEPUMEHTAIBHBIX TOKA3aTeIbCTB YIACTHS TOTO MM MHOTO W3 Ha3BaHHBIX MOJICKYJISPHBIX
MEXaHU3MOB B YBEJIIMYEHUU CKOPOCTH PEreHEepaLliH MOJ1 BIUSHIUEM MUKPOTPABUTAIH TTOKa HE
HalIeHo.

Llens pabGoTel. B mpeamnonaraeMoM MOJETHOM SKCHEPUMEHTE Mbl HAMEPEHBI HCCIeI0BaTh
MOJICKYJISIPHBIE MEXaHU3MbI BIHSHHA (DaKTOPOB KOCMHYECKOTO TIOJIETa Ha KIETOYHYIO
nposndepalnuio ¥ CKOpPOCTh pereHepalyy TKaHeWd TIja3a U XBOCTa y TPUTOHOB, a TaKXKe
TIOTIBITATHCS OMPEIENIUTh POJIb M3MEHEHUH, MPOUCXOAAIINX B TMpoIlecce KPOBETBOPEHHS, B
CTUMYJISILMU  pereHepanuu TkaHedl. [lomuMo »sTOoro mpexdmonaraercss yriayOieHHOe
UCCJIEIOBAaHUE BIUSHUS (PAKTOPOB KOCMUYECKOTO TOJeTa Ha KJIOHOTEHHBIE KPOBETBOPHBIE
KJICTKH TPUTOHA.



3aaa4m uccaeI0BaAHUS.

B 3agaun HayuHO-HCCIIe10BAaTENBCKOM pabOThI BXOIAT:

Ilepsslii rox:

1. TectupoBanue B 1aOOpaTOpUH psijia pa3pabOTaHHBIX paHee MOJielel pereHepaluy KpoBH,
TKaHell TJa3a, XBOCTa y TPUTOHOB B YCJIOBUSAX ONM3KMX K mojeTHbIM. [locraHOBKa
9KCHEPUMEHTOB Ha BBIOPAaHHBIX MOJEISAX pEereHepaluy, YTBEp)KACHUE 110 pe3ylbTaTaM
7a00paTOPHBIX HCHBITAHUN ONTHUMAJIBHOIO (A TOJETa U IOCJIEAYIOIIEro aHajlu3a)
KOJINYECTBA )KUBOTHBIX M X ONTUMAJIbHBIX IIapaMeTPOB (BEC, BO3PACT, pa3Mep).

2. JlanpHelmas pa3paboTKa B J1a0OpaToOpuu METOAOB U TMOAXOMIOB ISl MOJIEKYJISIPHOTO
aHaJu3a 3KCIIPECCUU PsAAa T'€HOB PEryJsATOPHBIX I'€HOB, OTBETCTBEHHBIX 3a PEreHEPALUIO
TKaHEN y TPUTOHOB.

3. JlomonHuTenbHas pa3paboTka B JAOOPAaTOPHBIX YCIOBUAX HMMYHOXMMHUYECKUX
METO/OB JJIsi ONpEIeNICHUs] SKCIPECCHU psAla POCTOBBIX (PAKTOPOB M HMX PELENTOPOB HA
HEPEYUCICHHBIX MOJENAX pereHepalyH.

5. UccnenoBanue KJIETOUHOTO COCTaBa KPOBH U I'MCTOJIOIMYECKUN aHAIM3 KPOBETBOPHBIX
OpPraHoB TPUTOHOB B HOPME U JI0 MOJIETA JI0 U MOC]IE€ KOCMUYECKOTO 0JIeTa.

6. HccnemoBanue BO3ACUCTBUN (PAKTOPOB KOCMHUYECKOTO TIOJIETa HA KJIOHOTCHHBIC
KPOBETBOpPHBIE KJIETKM TPUTOHOB. Pa3paboTka METOIOB KOJMYECTBEHHOTO AaHAJIHM3a
MOp(OJIOrHUECKH HEPACIIO3HABAEMOT'0 OT/I€1a KPOBETBOPHOU CUCTEMBbI aM(pUOUI.

4. Pa3paboTka B J1aOOpaTOPUU MMMYHOXHMHUYECKUX METOJOB IS ONPEICICHUS OCIIKOB
IeHEPATM30BaHHOI0 CTpecca Pa3InYHON MOJEKYJISPHOM MacChl B PETrEHEPUPYIOLINX TKAHAX
IJ1a3a ¥ XBOCTa y TPUTOHOB.

Bropoii roa:

1. Makpockonu4ecKnidi aHaJIn3 MaTepuaia, MoJlydeHHOTO B Ha3eMHBIX SKCIIEPUMEHTaX U B
peasbHOM KOCMUYECKOM I10JIETE.

2. UccnenoBaHre KIETOYHOTO COCTaBa KPOBU M THCTOJIOTHYECKUN aHAIH3 KPOBETBOPHBIX
OpPraHoB TPUTOHOB MOCJIE KOCMUYECKOT0 MOJIETA.

3. MccnenoBanne KIIOHOTEHHBIX KPOBETBOPHBIX KJIETOK TPUTOHOB Ha MOJICNN PETOIYISIIHH
KPOBETBOPHOW TKaHM OOJyYEHHBIX TPUTOHOB-PELIMIIMEHTOB II0CJIE TPAHCIUIAHTAllUU WM
KPOBETBOPHBIX KIIETOK TPUTOHOB-TOHOPOB KOHTPOJIBHBIX M MOJIETHOM TPYIIM.

4. OrmpenesieHUe CKOPOCTH pereHepaluy TKaHed TIjla3a M XBOCTa MO THUCTOJIOTMYECKUM
KapTHHAM Ha IpenapaTax, MOJIyYeHHBIX OT «JIETaBIINX» U KOHTPOJIbHBIX )KUBOTHBIX.

5. Omnpenenenue npoiaudepaTUBHON AaKTUBHOCTU KIIETOK PEreHepUpYyIOIIMX TKaHEH ¢
MIOMOIIIBIO0 METOJIOB PaHOaBTOrpaduil ¥ UMMYHOTUCTOXMMUH Ha TIpenapaTax, MOJyYeHHBIX OT
«JIETAaBIINX» U KOHTPOJIbHBIX KUBOTHBIX.

6. C momoIpio MeToi0B TuOpuau3aimu in Situ u XXX OmnpeneneHne 3KCIPECCHH TEHOB
XXXX B pereHepupyloIIMX TKaHAX Ha IpenapaTax, IOJYYEHHBIX OT <JIeTaBIIUX» U
KOHTPOJIbHBIX KHBOTHBIX.

7. OmnpezneneHue SKCIPECCHH POCTOBBIX (PAaKTOPOB M, B YACTHOCTH, (pakTopa pocTta
¢bubpoOIaCTOB M €ro PEIenTOPOB B pPereHepaTax TKAHEHW KMBOTHBIX, SKCIIOHMPOBAHHBIX Ha
00pTy U B KOHTPOJISX.

8. Ilpu mcronk30BaHUM METOJJOB MMMYHOTHCTOXUMHH HICHTH(UKAIUS CTpecc OEIKOB B
pEreHepUPYIOINX U MHTAKTHBIX TKAHSX «JIETABIIMX) )KUBOTHBIX M KHBOTHBIX J1A00OPATOPHOTO
Y CUHXPOHHOTO KOHTPOJIEH.

OxugaeMbii 3PPeKT 0T BHINOTHEHUS ITIAHUPYEMbIX IKCIIEPUMEHTOB.

BrinonHeHne HaMe4eHHOTO HKCIIEPUMEHTA MO3BOJIUT BBIIBUTH OOIIME 3aKOHOMEPHOCTH U
PacKpbITh MEXAaHU3MBI JeHCTBHS (PAKTOPOB KOCMUYECKHX TOJIETOB Ha KpOBETBOpeHuE. B cBoto
ouepeAb 3TU CBEACHHUS IO3BOJIAT MPUONM3UTHCS K TOHHUMAHUIO B3aMMOCBSI3U MEKIY
W3MEHEHUSMH, MTPOUCXOJAIIMMHY MPU PEr€HEpallMi KPOBH B YCIOBHSX IOJETA, C TAKOBBIMU
IIPU PETCHEPALUU IPYTUX OPraHOB U TKAHEW, B YACTHOCTH TKaHEW Irja3a U XBocra. M3ydenue



pereHepanyy MociaeHuX B TEPMUHAX MOJICKYJISIPHON M KJIETOYHON OMOJIOTUU MpUOIU3UT HaC
K IIOHMMaHHUIKO MCXAaHHU3MOB OIIOCPEAOBAHHOI'O OPraHUW3MOM TPUTOHA CTHUMYJIMPYIOLICTO
BO3/ICHCTBUS (PAKTOPOB KOCMUYECKOTO TOJIETa Ha KIIETOYHYIO MPOTU(EPALHIO U PEreHEPAITHIO
OpraHoB U TKaHEH Y HU3HIUX ITO3BOHOYHBIX.

1. Michurina T.V., Domaratskaya E.l., Nikonova T.M., Khrushchov N.G. Blood and
clonogenic hemopoietic cells of newts after the space flight. Adv. Space Res. 1996, vol. 17,
N6/7, p.295-298.

2. Khrushchov N.G., Michurina T.V., Domaratskaya E.l., Nikonova T.M. Effects of
microgravity and other spaceflight factors on hemopoiesis in vertebrates. NASA/RSA Science
and Technical Adisory Council Research. 1996. P. 81.

3. Domaratskaya E.l., Michurina T.V., Bueverova E.l., Bragina E.V., Nikonova T.M,,
Starostin V.., Khrushchov N.G. Studies on clonogenic hemopoietic cells of vertebrate in space:
Problems and perspectives. Adv. Space Res., 2002, v. 30, No 4, pp. 771-776.

4. Vacek A., Serova L.V., Rotkovska D., Michurina T.V Domaratskaya E.I., Bartonickova
A., Pryanishnikova O.D., Khrushchov N.G. Changes in the Number of Haemopoietic Cells
(CFUs) in Bone Marrow and Spleens of Pregnant Rats After a Short Space Flight Onboard the
"Cosmos-1514" Biosatelhte. / Folia Biologica (Praha), 1985, v.31, N 5, p. 361-365.

5. Vacek A., Rotkovska D., Bartonickova A., Serova L.V., Michurina T.V., Domaratskaya
E.l. Hemopoietic Stem Cell (CFUs) Measurements in Pregnant Rats FlownonCosmos-1514
Biosatelhte./ The Physiologist, 1988, v. 31, N 1, p S-116-S-117.

®oton M-2 IIVTAH HPOBEJIEHUA DOKCIIEPUMEHTA

1. HABBAHUE OKCITEPUMEHTA: «PETEHEPALI S»

(MOJIEKVYJIAPHO-BUOJIOI'MYECKOE N HUTOXNUMUYECKOE NCCIIEAOBAHUA
BJIMSAHUA ®OAKTOPOB KOCMUWYECKOI'O TIOJIETA HA PETEHEPALIMIO VY
HU3IINX ITO3BOHOYHLIX)

2. OTBETCTBEHHBII UCIIOJHUTEJb

Ot Poccuu: PykoBogurens Murtamos B.1.

OTBeTCTBEHHBIE UCTIOTHUTEIU:

I'puropsn 3.H., lomapaukas E.N.

WNucturyt 6uonoruu pazsutus um.H.K.Konsiioa, PAH

Ot CIIIA:

3. COUCIHOJIHUTEJIN

Ot Poccun:

Ot CHIA:

4. OCHOBHBIE IEJIN SKCITEPUMEHTA: Onpenenuts MOJEKYyIIpHO-OHMOIOTHYECKHE
MEXaHU3Mbl CTUMYJIUPYIOUIETO BIMUSHHUS (PAKTOPOB KOCMHUYECKOTO TMOJEeTa Ha KIETOYHYIO
nposindepalnio U pereHepalio OpraHoB U Tkanei y TputoHoB Pleurodeles waltl.

5. OBOCHOBAHUE SKCITEPUMEHTA/TUITOTE3LI: Ilpeanonaraercs perynupyromas
POJIb TE€HOB, KOAUPYIOIMIUX P TPAHCKPUIIIUOHHBIX (PaKTOPOB, POJIb HEKOTOPHIX POCTOBBIX
(GakTOpOB U MX PELENTOPOB, a TAKXKE OIpeleeHHOro Habopa OelKOB I'eHEepai30BaHHOTO
cTpecca (manepoHoB (chaperons) B CTUMYIISIIIUH PETEHEPAINH B YCIOBUSX MHKPO-«E»

6. [IOJIETHBII DKCITEPUMEHT:

1.001ee onucanue: onepanuy A HHUIMALWN pereHepaly TKaHel 70 mosera, MoJeT B
ouokoHTeitHepe «TpuTon», 3a00p 1 PuKcanust MaTepuaa Mocjie MOCAAKH IS MOCIEAYIOIIHNX
UMMYHOLIMTOXUMHYECKOTO ¥ MOJIEKYJIIpHO-OMONIOTHYecKoro  aHanu3oB. [locraHoBKa
0a3anbHOrO0 KOHTpOJIA - (uKcanus 0Opa3loB pEreHepUpyOIIMX TKaHEH B JeHb cTapTa.
[TocTaHOBKA SKCTIEpUMEHTA CHHXPOHHOTO C MOJIETHBIM (CHHXPOHHOTO KOHTPOJIS) B YCIOBUSX
NpUOMKEHHBIX K MOJETHBIM, HO UCKIIIOYAIOUINX HeBecoMOCTbh. [locTaHoBKka 1abopaTopHOTo
KOHTPOJISI - JKCIIEPUMEHTAa C TEMHU K€ CPOKaMHu omepanuid U (QuKcanuii, TpoBOANMOIO B
CTaH/JAPTHBIX YCIOBUSAX COJEpPKAHUS TPUTOHOB B aKBapUaIbHOM.



2. TpeboBanusi K OHOOOBEKTaM: COOJIOJIEHHE BECO-TA0APUTHBIX M BO3PACTHBIX
XapaKTEePUCTHK MCIOJIb3yEMBIX B SKCIiepuMenTax Tputoros Pl. waltl.

3. TpeboBaHusI K pETUCTPUPYEMBIM JaHHBIM: HEOOXOMMbI TOUHBIE TaHHBIE 00 N3MEHEHUSIX
TEeMITepaTyphl U pajl. u3iydeHus Ha 6opty @oron M-2 BOmu3u koHTeHEpa « TpUTOHY.

4.TpeboBanus k HayyHo# annapatype: B UBP PAH nannyne Bcex He0OXOAUMBIX TIPHOOPOB
U YCTAaHOBOK JJisi MPEANOJaraéMblX MHKPOCKONMYECKHX, HMMYHOLIUTOXUMUYECKUX U
MOJIEKYJISIPHO OMOJIOTUYECKUX UCCIIEI0BAaHUM.

5.I0penmonerHpie MpOLEAYphl: MOCTAHOBKA 0a3aJlbHOrO KOHTPOJISI M €ro HayalbHas
o0OpaboTka. @ukcaius B IeHb CTapTa 00pa3l0B PETEHEPUPYIOIINUX TKaHEH OT HECKOJBKUX (6-
8) TpUTOHOB U3 OOIIEH, MOATOTOBICHHOM K TOJETY TIpyHIbl >KUBOTHBIX. MccienoBaHue
KJIETOYHOTO COCTaBa KPOBU M TMCTOJOTMYECKHM aHaiu3 KPOBETBOPHBIX OPraHOB TPUTOHOB
nepes MmojaeToM (B JIeHb CTapTa).

0.IlonetHble npouenyphl: HET

7.IlocnenonerHsie mpoueaypsl: ¢pukcanus u o0paboTka momydeHHbIX ¢ 6opra ®oton M2
00pa3IoB pEreHepUpYIONIMX M HEOoNepUupoBaHHBIX TkaHed PL waltl mis mocnemyromumx
UMMYHOIIUTOXUMUYECKOTO U  MOJIEKYJISPHO-OMOJIOTHYECKOro  aHaiu3oB. [IpuMeneHue
meronoB [IL[P awammza (PCR-analysis), in situ rubpummzammu (in situ hybridization),
ummyHonuTo- U rucroxumun, PCNA u BrdU sccees (PCNA and BrdU assays) . MccrenoBanue
KJIETOYHOTO COCTaBa KPOBU M TMCTOJOTMYECKHM aHaiu3 KPOBETBOPHBIX OPraHOB TPUTOHOB
nociie KocMuueckoro noinera. MccnenoBanue Bo3aeicTBusl (GakTOpOB KOCMUYECKOTO TOJIETa
Ha KJIOHOTE€HHbIE KpPOBETBOPHBIE KJIETKHM TPUTOHOB, METOJAAMM KOJUYECTBEHHOI'O AaHAIU3a
MOP(}OIOrHYeCcKH HEPACTIO3HABAEMOT0 OT/IeNIa KPOBETBOPHOU CUCTEMBI TPUTOHOB.

7. KOHTPOJIBHBIE DSKCIIEPUMEHTbBI: nocranoBka 0a3aibHOT0, CHHXPOHHOTO,
7abopaTOpHOTO  KOHTpPOJIEH MO  paHee  pa3pabOTaHHBIM  METOAWKaM  (CM.BBIIIE).
OpraHotunuyeckoe KyJabTHBHpOBaHME IN VItr0 B posuiepHbix Kyabrypax (clinorotating
culture)npu cumMyssILIMM MHUKPO-«Z» M TKaHEBOE KyJIbTHBUpoOBaHME (tissue culture onground
desktop) mpu 1 "g".

8. ITPEAIIOJIETHBIE BEPUDOUKAIIMOHHBIE UCITBITAHUA:

1.AMepuKaHCKUE UCTIBITAHMUS:

2.Poccuiickue HCHBITaHMS: MPOBEpKa HCMOIb3yeMbIX MPHUOOPOB, CIIOCOOOB oOmeparuii,
BbIOpaHHBIX CpPOKOB (ukcanmuu #u MeTofoB aHanmu3a. OTpaboTKka HEKOTOPBIX HOBBIX
JIOTIOJTHUTEBHBIX METOJIOB M3Y4eHHus mpoiudepanuy, IONepoHOB (cTpecc OenKoB) U
OTJIENbHBIX PETyIATOPHBIX T€HOB, MpUHAAIeKamux cemedctBam Pax, Prox, Six.
HccnenoBaHue KJIETOYHOIO COCTaBa KPOBU M T'HCTOJIOTMYECKUH aHAINW3 KPOBETBOPHBIX
OpraHoB TPUTOHOB B HopMme. Pa3zpaboTka METOIOB KOJWYECTBEHHOIO  aHaIu3a
MOpP(OJIOTrHUECKH HEPACIIO3HABAEMOT'0 OT/Ie1a KPOBETBOPHOW CUCTEMBI aMprOnit

3.KoMmiuiekcHble HCHBITAHUS M PETUCTpalusi MCXOAHBIX JaHHbIX. HameueHHoe
UCCIICIOBAaHUE MOJIEKYJISIPHBIX MEXaHU3MOB BIMSHHUS (PAKTOPOB KOCMHUYECKOTO TOJeTa Ha
nposndepannio KICTOK W pereHepanuio y tputona Pl. waltl sBisercss koMIIeKCHBIM,
BKJTIOYAOIIUM IITUPOKHUI CIEKTP COBPEMEHHBIX KOCMUYECKUX U OMOTEXHOJIOTHA.

9. B3ATUE BUOMATEPUAJIA 1 CITIOCOBbl MAPKNPOBKH. MakcumaibHO CKOPO
(HacKOJIbKO BO3MOYKHO) TOCJIE IMOCAIKU IMPEANoaraeTcss WHBEKIHS MOJETHBIM XHUBOTHBIM
aHajora TUMHIMHA, npeamiectBeHHuka cunateda JJHK - Opomumeokcuypuauna (BrdU) mis
MOCJEIYIOEr0 UMMYHOIIUTOXUMHUECKOTO U3YUeHHsI KJIETOUHOM mponmdepanun. Oukcanus
MHTEpEeCyoInuX 00pa3ioB TkaHeil u opraHoB Pl waltl nomkHa OBITH Takke HpoU3BelEeHA
BCKOpE IOCe I0JIeTa, MPU STOM C HCIOJIBb30BAaHHMEM HECKOJIBbKHX Ppa3HBIX (PUKCAaTOpOB,
YYHUTBIBAsI pa3HOOOpa3re METOIOB MOCIeAYIONel 00paboTKH.

10. TIOAI'OTOBKA  BMOOBBEKTOB/METO/IbI TECTHUPOBAHUSA: Hamu
MPEIYCMOTPEHBI CIIENHAIIBHOE pa3BeACHUE JTaTUPOBAHHBIX )KMBOTHBIX B akBapuaibHOW MBP
PAH. 3arem 11 moieTHOrO M BCEX KOHTPOJIBHBIX SKCIIEPUMEHTOB OyaeT MPOU3BEACH 0TOOp
oco0el, yIOBIICTBOPSIOIIMX BCEM BECOradAapUTHBIM M BO3pPACTHBIM TpeOoBaHMsIM. BHOBBL
OyzeT mocTaBlieH KOHTPOJIbHBIN sKcniepuMenT 1o npoBepke CXKO B xoHteitHepe «Tputon».



[IpenBaputensHO OyayT TPOBEASHBI HEOOXOAMMBIE TECTOBBIC OMEpanuu, QUKCAITUU
OromMarepuasna 1 ero uccie0BaHNue Ha3BaHHBIMU METOIaMHU.

11. ®OPMA PETMCTPALMU HAHHBIX: npotokoisbl, PC u CD apxuBbl TEKCTOBOTO
U3JI0’KEHUS ¥ BCEX WIUTIOCTPALIMM MMOJTydaeMbIX JaHHbIX.

12.TPEBOBAHUA 110 OBMEHY JAHHBIMU U NUX AHAJIN3Y/METO/IbI:

1.Peructpanus 1aHHBIX: (CM. BBIIIIE)

2.AHamM3 JaHHBIX HA MeECTE 3alyCKa/OCAaJKU: MAaKpPOCKOIMYECKOe HCCIEeI0BaHue
COCTOSTHUS )KMBOTHBIX M UX ONEPUPOBAHHBIX TKaHEH U OPraHOB.

13. ®OTO/ANATPAMMBI: OyayT npuiIoKeHbl K OTYETaM.

OTBETCTBEHHBIN UCITOTHUTEb: O.H.I'puropsin
7/30/04

IINTAH IPOBEJEHUSA OKCIIEPUMEHTOB 110 ITPOEKTY
"®OTOH"-M-2

1. HASBAHUE 3KCIIEPUMEHTA: "PETEHEPALIUSA-F2 "

MonekynsipHO-OMOIOTHYECKOe U IUTOXMMUYECKOE HCCIIeI0BaHUE BIUSAHUS (DAaKTOPOB
KOCMHUYECKOI'0 [10JIETa Ha PEreHepaltio Y HU3LUINX O3BOHOYHBIX

2. OTBETCTBEHHBLIN UCIIOJIHUTEJIb:

Ot Poccum: JI-p Bukrop MBanoBuu MutamoB, WHCTUTYT OHOJOTMM DPa3BUTUS HUM.
H.K.Konsnosa, PAH

Ot CHIA: d-p Onyapno Anmeiiaa, Ditmcckuil uccienoBatenbckuii nentp (OUL) HACA

3. COUCIIOJIHUTEJIA:

Ot Poccun: [I-p DOneonopa Hukonaesna I'puropsiH, UHCTUTYT OMONOrMM pa3BUTHSA HM.
H.K.Konsnosa, PAH

J-p Enena WNanoBna Jlomapaukas, Mucturyr Ononorun passutus um. H.K.Konbiosa,
PAH

Ot CHIA: d-p Pyds I'moGyc, Ditmcckuit uccnenoBarenbckuit neHTp HACA

J1-p Bunona Bepkyrep, Diimcckuii uccnenosarensekuil neHtp HACA

J1-p Bukrop Crok, Diimcckuit uccnenosarenbckuii neHtp HACA

4. OCHOBHBIE LIEJIA:

Onpenenuth MOJNEKYIIPHO-OMOIOTMYECKHE MEXaHU3Mbl CTUMYJIUPYIOLIErO BIUSHUS
(bakTOPOB KOCMHYECKOI0 MOJETa Ha KIETOUHYIO MPOoIu(epalto u pereHepanno OpraHoB U
TKaHel y TputoHOB Pleurodeles waltl

5. OB OCHOBAHUE/THUIIOTE3BHI:

Poccuiickue cnenuanucTsl BBIIBUTAIOT THUIIOTE3Yy O TOM, YTO TE€HbI, KOAUPYIOLIUE PN
TPAHCKPUIILIMOHHBIX (PAKTOPOB, HEKOTOPBIE POCTOBBIE (AKTOPHI M UX PELENTOPHI, a TAKKe
manepoHsl (OeNKH reHepan30BaHHOTO CTPECcCa) UTPAIOT ONPEACICHHYIO POJIb B CTUMYJISILIUU
pereHepanny TKaHel B yCJIOBUSIX MUKpPOTpaBUTAIIUH.

AMepHKaHCKUE CIIeIUAIMCTHl MPeJaraloT HCIoiab30BaTh TpUTOHBI Pl waltl ¢ menbro
W3YYEHHUS KJIETOYHOM NMpoiudepalny y UHTAaKTHBIX KUBOTHBIX B YCJIOBHMSIX KOCMHYECKOIO
nojera. B ycrnoBHsX rumeprpaBUTanMM KJIETOYHAs Mpoiudepanus y MIEKOMHTAIOUINX
MoeT yBeauuuBaThes invitro (W. A. Vercoutere, M. Parra, C. Roden, M. DaCosta, A. Wing,
C. Damsky, E. Holton, N. Searby, R. Globus, and E. Almeida. Constant Applied Force
Stimulates Osteoblast Proliferation Via Matrix-Integrin-Signaling Pathways. Molecular
Biology of the Cell, 2003, Vol. 14, 205a-206a). 1 Hao00OpoT, yMEHBIIIEHUE MACChl KOCTHOM
U MBIIIEYHOM TKaHW B HEBECOMOCTH IIO3BOJSIET MPEANONIOXKUTh,  YTO OTCYTCTBUE
MEXaHUYECKOM CTUMYJSIUN MOXKET TPHUBECTH K CHIDKEHHIO CKOPOCTH MpoJUdepanuu Kak
KJIETOK-TIPE/IIIECTBEHHUKOB ~ OCTEOT€He3a,  TaK M JIPYIrMX  COMAaTHYECKUX  KIETOK,
YYacTBYIOUIMX B pereHepaunuu TkaHeil. PaGodas rumore3a aMEpUKaHCKUX CIIEIHATUCTOB
COCTOUT B TOM, 4YTO B YCJIOBHSIX MHUKPOIPaBUTALMU CHIXKAETCS CKOPOCTh MpoJHdepanuu
COMATUYECKUX KIIETOK.

KonkpeTrHblid BOpocC, HA KOTOPBIM aMEPUKAHCKUE CIEIMATUCThI MBITAIOTCS HAWTH OTBET:



3aMeUISeT JIM HEBECOMOCTh, a TAaKXKe JApYyrue (pakTopbl KOCMHYECKOTO MOJeTa POCT KIETOK,
OIpe eSO pereHepauio pa3InuHbIX TKaHEeH OpraHu3Ma 4esioBeKa, HalpuMep, KOCTHOM,
MBIILIEYHOM, KJIETOK KpoBH U Ip. OTBET Ha ATOT BONPOC MMEET pellarollee 3HAYEHUE NPU
BbIOOpeE cpeacTB npopuinakTuky. [IpuMeneHune papmMakosoruyeckux MmpenaparoB B KauecTBe
npOoHIAKTUKN YMEHBIIEHUS MaCChl KOCTHOM TKaHU MOXKET OBbITh JOCTATOUHBIM JUIsl PELICHHUS
9TOH MPOOIEMBI, HO HEJIb3s UCKIIOUNUTh BEPOSITHOCTh HAPYLIEHUs] PEr€HEPATUBHBIX CBONCTB U
npyrux Tkaned. IlpemmaraeMslii SKCIIEPUMEHT MOKAXET, BIUIET JIU NPeObIBaHHE B YCIOBUSX
HEBECOMOCTH B TeYeHHME 16 CyTOK Ha CKOPOCTb HposM(pepaluyd COMATUYECKUX KIETOK Y
TputoHoB Pl. waltl, 1 momoxeT mocTaHOBKE COOTBETCTBYIOILINX HCCIIECIOBAHUI HA YEIOBEKE.

6. [IOJIETHBIN DKCIIEPYMEHT:

1. O0uiee onucanue:

« Onepanuu 171 MHULMALMY pereHepaluy TKaHeH J10 moJeTra

« [ToneTHbIi KCTIEPUMEHT C UCTIOIB30BaHUEM OMOKOHTelHepa "Tpuron"

« 3a00p u Qukcaius dbruomarepuana nocie MocaaKu

o IMMyHOIIMTOXMMHUYECKUN aHAIN3 Onomarepuala

« MonekynsipHo-Ononoruueckuii ananu3 Ouomarepuana ¢ nomouipio [P u reHHBIX
METO/I0B

« [TocranoBka 0a3anbHOrO KOHTpPOJIA - (pukcalus 0Opa3loB pereHepUpyrOIIUX TKaHEH B
JIeHb CTapTa

o [TocTaHOBKa CHHXPOHHOTO C IIOJIETHBIM 3KCIIEPUMEHTa (CHHXPOHHOIO KOHTPOJIS) B
YCIIOBUSX MPUOJIMKEHHBIX K ITOJIETHBIM, HO HCKJIIOUAIOLUX HEBECOMOCTh

« [TocTraHoBKa 71a00PAaTOPHOrO KOHTPOJIS - IKCHEPUMEHTA, BOCHPOM3BOJAIIEIO Mpea- U
[OCJICNIONIETHBIE TPOLIEYphl, HO B CTAHJAPTHBIX YCJIOBUSAX COJAEpKAHHUSI TPUTOHOB B
aKBapHaJIbHOM.

[TpoTOKOJI COBMECTHOT'O SKCIIEPUMEHTA IIPEyCMAaTPUBAET IIPE/NIOJIETHOE BBEIECHUE B BOAY,
UMEoIyIocs B KOHTeiHepe "TpUTOH", HYKJIEOTHJIHOTO aHajora OpoM-Ie30KCHYpPUIHH
(BrdU), BbISIBISIEMOTO MMMYHHBIMH METOJAMH, U TOCJICHOJCTHYIO (DUKCAIUIO Pa3IUYHBIX
TKaHEH C TOCIEAYIOIIMM OIPEAECICHUEM CKOPOCTH BKJIKOYEHHS HYKJIEOTHAA B KIETKU
onpeneneHHbIX TUNOB. BBenenue BrdU ocymiecTBisieTcs ¢ TOMOIIBI0 MUHUATIOPHON TTOMITHI,
KOTOpas

BKJIIOUAeTCsl aBTOMaThyecku mnocie BeiBeneHuss KA Ha opbuty. Takas mnpouenypa
BKJIIOYEHHUS JIOCTUTAETCs 3allpaBKOW MOMIIBI CJI0EM pacTBOpa, KOTopbli conepxkut BrdU, n
CJIOEM MHEPTHOTO Maciia, KOTOPBIM 00ecTieuuT 3aJepKKy MoJaud MapKkepa Ha BECh IIEpPUOJ OT
YCTAaHOBKHM KOHTEWHepa ¢ >KMBOTHbIMM Ha OopT KA 10 BbiBeneHus Ha opOuty. Ilocne
nojiyueHus: OuomaTepuana IPOBOJUTCS  ONpENEIeHHE  KIETOYHOW  Mpojudepanu,
MOpGOJIOTHH U TeHHOM SKCIPECCHH B MOJETHBIX U KOHTPOJIBHBIX Mpo0ax, a TakXkKe B KIETKaX ¢
JKCIIpeccrel CeupuIeckux MapKepoB.

2. TpeOoBanus kK OMO0OBEKTAM:

DKCHEepUMEHTBI MPOBOIATCS ¢ Ucmosib3oBanueMm 15-20 tputonor Pl. waltl o6oero mona
mruHon 10-12 cm u Becom 10 T.

3. TpeGoBaHMsI K pETUCTPUPYEMBIM TAaHHBIM:

Kpaiine xenarenbHO MOJyYUTh TOYHBIE JaHHBIE O TEMIIEPATypHOMY PEXKUMY, YPOBHIO
rpaBUTALMU U pajuanuu BOIU3u KoHTelHepa "Tputon" B mosnere.

4. TpeboBaHMsI K HAyYHOH ammaparype:

Hanuuue B UBP PAH Bcex HeoOX0quMBbIX TPUOOPOB M YCTAHOBOK JIJIs1 MUKPOCKOITMYECKHX,
UMMYHOLIUTOXUMHYECKHX M MOJIEKYJISIPHO-OMOIOTHUECKUX HCClIe0BaHUi. MUHHATIOpHbIE
OCMOTHYECKHE TOMITBI U HEKOTOpbIE BUJbl CTAHJAPTHOTO JabOpaTOpHOro oOOpyJIOBaHMs, B
TOM YHCJIE€ HWHCTPYMEHTHI JUIS BBIJIEJIEHUS TKaHEH, a TakKe peareHThl IOCTaBISIOTCS
aMEpUKaHCKUMU CIEIIMATUCTAMH.

5. IlpenmnosieTHbie MPOLETYPHI:

JXKuBoTHBIE 6a3abHOIO KOHTPOJIS

« B nens crapra - ¢pukcanus Onomarepuana, BeIeleHHOT0 y 15-20 TpUTOHOB OTOOPaHHBIX



U3 00IIeH, MOATOTOBICHHOH K IOJIETY TPYIIITBI dKUBOTHBIX

« B nenp crapra - uccieqoBaHue KJIETOYHOTO COCTaBa KPOBU M KPOBETBOPHBIX OPraHOB
TPUTOHOB

JKMBOTHBIE MTOJIETHOM TPYIIIIbI

« [IpuMepHo 32 2 Heenu 10 1oJieTa - XUpypruueckoe yJaleHue CeTYaTKy I1a3a U XBOCTa

« YCTaHOBKAa OCMOTHYECKUX IOMII, 3alporpaMMHUpPOBaHHBIX HauaTh nogauy BrdU B Bony
KoHTeliHepa "Tpurton" 3a 24 wyaca g0 crtapta. DTy OPOLEAYPY BBIIOIHSIOT POCCUNCKHE
cnernuanuctel B MockBe

6. IToneTHble IpoLEAYPBHI:

Her

7. IlocnenoneTHble MPOLELYpHI:

o Qukcanss u 00paboTka Jig MOCIEAYIOIIEr0 aHalu3a IOJTYYEHHBIX 00pa3loB
pEreHepUpYIOIINUX U HEONIEPUPOBAHHBIX TKAHEN

« Beienenne MPHK 13 HexoTopbIx TkaHel (IOJIEKUT COTIIACOBAHUIO)

« [Ipumenenue metonoB I1L[P u renHoOro ananusa, in situ THOPUAM3AINN, IMMYHOIIUTO- U
rucroxumun, PCNA u BrdU sccees

« lccnenoBanue KI€TOYHOTO COCTaBa KPOBU M KPOBETBOPHBIX OPraHOB

« UccnenoBanue Bo3aelcTBUA (AKTOPOB KOCMHUYECKOTO TIOJieTa HA KIOHOTCHHbBIE
KPOBETBOPHBIE  KJIETKM  METOJAaMU  KOJIMYECTBEHHOIO  aHalIW3a  MOPQOJIOTHYECKH
HEpPACII03HABaEMOT0 OT/eNla KPOBETBOPHON CUCTEMBbI

J’KvBOTHBIE MOABEpPraroOTCs dyTaHa3UM Cpa3y MO OKOHYAHUM IoJieTa. 3200l U BBIJEICHUE
KOCTHOM W Jpyrux TKaHeu npoBoasaTcs npu 4 °C. BblaeneHHble TKaHU MPOMBIBAIOT B
duspactBope ¢ docdarapiM OydepoM M moMemarT B mpobupku ¢ 4% HEUTpPaIbHBIM
3a0ydepenusiM dopMmanbaeruaoM npu 4 °C. 3adhukcupoBaHHBIA TaKMM 00pa3oM MaTepuan
XpaHAT U TpaHcnopTupytoT mpu 4 °C. Ilpu 3TOM poccuiickie CenuanucTbl 0Iy4aoT Iia3a,
XBOCTBI, KPOB, YaCTh NEYEHHU M CEJIE36HKH, & aMEPUKAHCKUE CIEIUAINCTBI BCE OCTABIINECS
TKaHU. AMEpUKAHCKUE CIEUUATNCThl MOJy4aroT Ouomarepuayl oOT IOJIETHBIX M BCEX
KOHTPOJIbHBIX TPYII KUBOTHBIX. AMEPUKAHCKUE CHEIMAINCThl 00ECIeYNBAIOT BbIJICIIEHUE U
otnpaBky 6uomatepuana B UL HACA B HeliTpanbHOM 3a0ypepeHHOM dopManibaeruie npu
4 °C (Ha b1y 6€3 3aMOpPO3KH) UM B NapaUHOBBIX OJIOKAX.

7. KOHTPOJIBHBIE OKCIIEPUMEHTHI:

« [TocranoBka 0a3aabHOI0, OTCTABICHHOIO CHHXPOHHOTO U JAOOPaTOPHOI0 KOHTPOJIEH

« OpranorTunuyeckoe KyJbTUBUPOBAHUE IN VItr0 B POJUIEPHBIX KYJIbTYpax (IIPU CUMYIISLIUN
MHUKPOTIpaBUTALMHI) U TKAHEBOE KYJIbTUBUPOBAHHUE ITPU 3€MHOM CHUJIE TSXKECTH

8. IIPEAITIOJIETHBIE BEPUOUKALIMOHHBIE UCIIBITAHMA:

1. Poccuiickue ucnbITaHus:

o [IpoBepka wucnonb3yeMbIx MOpuOOPOB, METOAMK M MpPOLEAYp, BHIOPAHHBIX CpPOKOB
(duKcanMy ¥ METOJIOB aHAIIN3A

« Otpabotka nonomHuTenbHbIX MeTo0B [IL[P nns m3ydenus kinerouHoit mponudepanumu,
IIaIIEPOHOB (CTpecc OETKOB) U PETYIATOPHBIX '€HOB, MPUHAJUIeKALINX ceMeiicTBaM Pax, Prox,
Six

« UccnenoBanne KIETOYHOIO COCTaBa KPOBM M KPOBETBOPHBIX OPraHOB y MHTAKTHBIX
TPUTOHOB

« Pa3paboTka MeTOZI0B KOJMUYECTBEHHOTO aHajan3a MOP(OJIOTrHUECKH HEPaCIO3HABAEMOTO
OTJIea KPOBETBOPHOI CUCTEMBI

2. AMepUKaHCKHE UCTIBITAHUS:

o [IpoBect oTpaboTky wucnonszoBanuss BrdU u apyrux HMMMYHOIIMTOXMMHYECKHUX
MapKepOB B TKaHSAX TPUTOHOB

« Usrotouth Ha 6a3ze DUL] HACA uun jyist onpeesnennsi i3MEHEHH TeHHON SKCTIPECCUU
y TPUTOHOB O[] IeHiCTBHEM (aKTOPOB KOCMHUYECKOTO MOJIETA.

3. KommuiekcHble UCTIBITAaHUS M PETUCTPALIMSI UCXOJHBIX JAHHBIX:

HameuenHoe wuccienoBaHue  MOJEKYISPHBIX —~ MEXaHM3MOB  BIHMSHHUA  (DaKTOpPOB



KOCMHMYECKOT'0 0JIeTa Ha KIJIETOYHYIO Mposn(epaluio U pereHepanuio Tkaneil y tputona PL
waltl sABiIsSeTcs KOMIUIEKCHBIM, BKJIFOYAIOIIUM HIMPOKUNA CHIEKTP COBPEMEHHBIX KOCMUYECKUX
¥ OMOTEXHOJIOTUH.

« OnpenienuTh NPOHULAEMOCTh KOXHOIO IIOKPOBA TPUTOHOB 10 OTHOLICHUIO K
pacTtBopeHHOMY B Bojie BrdU

« [IpoBeputh crocoOHOCTE OCMOTHYECKMX IoMH obecreunts nojgady BrdU B ycnoBusix
KoHTeiHepa "Tpuron"

« OTpaboTKa METOIMK oOmepaluii Ha >HUBOTHBIX HpoBoAurcs B Poccum, a aHaius
o6uomarepuana B CIIIA

AMepukaHcKue crenuanucTsl obecneunBaroT nocrtaBky BrdU, ocmornueckux nowmi,
MHCTPYMEHTOB Ul BBIACICHUS TKAaHEH, pEaKkTUBOB, LINPHUIIEB U POJUIEPHOrO ammapara.
[lepeyenp cneuupuUYEecKUX pEareHTOB ONpeAessieTcs IO  pe3ylbTaTaM  Ha3eMHbIX
OTpaOOTOUYHBIX 3KCIEPUMEHTOB. AMEpHUKAaHCKUN CIIEHUAIMCT IPUMET y4yacTHE B
HOCJIETIONIETHBIX SKCIEPUMEHTAaX, IPOBOIUMBIX B MOCKBE.

9. B3BATUE BUOMATEPUAJI 1 CIIOCOBbI MAPKMPOBKU:

« Briienenue tkanel cpasy nociue syraHasuu npu 4 °C

o OQukcanus TkaHed B 4% mapadopmarnbaeruie Uil 3aTUBKA B MapauH (BBITOIHACTCS
aMEPUKAHCKUM CIIELIUATUCTOM)

« Beiienenne MPHK st TIHP u onpenenenust reHHoil nocienoBarenbHocT oauro d-T
METO/1aMU (BBINOIHIETCS aMEPUKAHCKUM CIELIMATINCTOM)

10. ITIOAI'OTOBKA BUOOBBEKTOB/METO/Ibl TECTUPOBAHUA:

[TpenycmarpuBaeTcs crielualbHOE pa3Be/leHHE JaTHPOBAHHBIX KUBOTHBIX B aKBApUAIbHOM
WBP PAH. Jlns nosieTHOro 1 BCEX KOHTPOJIbHBIX IKCIEPUMEHTOB IIPOBOAUTCSA OTOOP 0COOEH,
YJIOBJIETBOPSIIOIIMX BCEM BecO-rabapuTHBIM M BO3pacTHBIM TpeboBaHusAM. [IpoBoautcs
KOHTpPOJIbHBIN 3KcnepuMeHT 1o mnposepke CXKO B konrtelinepe "Tpurton". Ilmanupyercs
IpoBeCTH OOJIBIIOE YHUCIO OTPAOOTOYHBIX 3KCIIEPUMEHTOB C TEeM, UTOOBl OKOHYATEIBHO
YTBEPAUTh Pa3InYHbIE TECTOBBIE MPOLIETYPHI, CIOCOOB! (hrKcauu OGuoMarepuana U METOAbI
€ro MCCIIE0BaHNUS.

1. Vcnonw3oBaHHBIE pPEAKTUBBI WK (apMmmpenaparsl: YKa3zaTh JO3UPOBKY, CIOCOO
BBEJICHUS, IpauK, 6MOOMACHOCTD

Mapkep BrdU BBOAHMTCS ¢ TOMOIIBIO OCMOTHYECKHX TOMII B BOAY, COJEPXKAIIYIOCS B
KoHTeiHepe "Tputon". PaguoakTUBHBIE METKH HE IIPUMEHSIOTCS.

2. HecoBMecTUMOCTh € IPYTMMH SKCIIEPUMEHTaMU (HAaIpUMep, BBEIEHHE CTEPOUIIOB JIO
UMMYHOJIOTHUECKUX MCCIIE0BAaHUM NCKA3UT UX PE3yJIbTaThl):

« Henb3st mpoBecTH BblAeIEHNE TKAHEH CITyCTs HEJENIO MOCIIE MoJIeTa

« Henp3s 3anmepxuBarh 3a00i MM XpaHWUTh TYHIKY NPH IHOBBIILIEHHON TemIeparype 10
BBIZICTICHUS TKaHeH

11. D°OPMA PETUCTPALIUN JAHHBIX:

TekcT ¢ WUTIOCTPAaTUBHBIM MaTEPUAJIOM B AJIEKTPOHHOU (opme.

12. TPEBOBAHU 110 OBMEHY JJAHHBIMU N UX AHAJIN3Y/METO/IbI:

1. Perucrpauus nanusix: Cm. TpeboBanus B 1. 6.3

2. AHanu3 1aHHBIX HA MECTE 3aIlyCKa/TIOCaIK1:

Maxkpockonuyeckoe UcCle0BaHNEe COCTOSHUS )KUBOTHBIX U UX OMEPUPOBAHHBIX TKaHEH 1
OpraHoB

13. DOTO/JIUATPAMMBI:

[TpunararoTcst K OKOHYaTEIbHOMY OTYETY

Hacrosimit nokyment noanucanu 22 uronsa 2004 roaa:

OT poccHiCKON CTOPOHBI: OT amepuKaHCKON CTOPOHBI:

(B. 1. MuTaiioB) (Puaapn boiin)



Ot4er 0 Hay4yHO# padoTe Hax MpoekToM «Perenepauus»
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NCCIEAOBAHUE BJIUAHUSA PAKTOPOB ITOJIETA HA
KPOBETBOPHYIO TKAHb HU3INX ITO3BOHOYHBIX

PykoBoautens Xpymon H.I'.

OtBeTcTBeHHBIN HcioaHuTeNb: Jlomapankas E.U.
Coucnonnurenu: byropuna H.H., Hukonosa T.M.

Bce - Uncturyt 6uonoruu passutus um. H.K.Konsroa, PAH

O06ocHOBaHME IKCIIEPUMEHTOB.

B skcnepumenTte, mpoBoauBiiemcs B 1993 rogy na 6opry OmocnytHuka "buon-10", Mbl
UCCJIEIOBAJIM BIMSHUE MUKPOIPAaBUTALUMU U APYruX (axTopoB 12-CyTOUHOro KOCMHYECKOTO
10JI€Ta Ha KPOBb M KJIOHOTE€HHBIC KPOBETBOPHBIC KileTKu TpuToHOB Pleurodeles waltlii. TIpu
U3y4eHUH BIHMAHUSA (DAKTOpOB IMoJieTa Ha KIIETOYHBIM COCTaB KPOBH MBI OOHAPYKUIH
NPUHIUIHAIBHOE CXOJICTBO MOCIENOJIETHBIX U3MEHEHHUH cocTaBa nepudepuyeckoil KpoBU ¢
M3MEHEHUSMHU, OTMEYAEMBbIMU Y MJIEKOIUTAIOIINX, OJJTHAKO, KOCMUUYECKUM TOJIET HE BJIMSI Ha
CIIOCOOHOCTh KJIETOK KpoBU TpuTOHOB cuHTe3upoBarth JIHK. ([Jomapamnkas u ap., 1994,
Michurina et al.,, 1994, 1995 ab,1996). Ilockonbky y QWIOTE€HETHYCCKU ITaIEKHX
IpeJCcTaBUTeNIel IMO3BOHOYHBIX (MIJIEKOMMTAOIMEe M aM(puOMM) XapakTep aJalTHUBHBIX
n3MeHeHnii nepudeprueckoir kpoBu Ha OKII mpenTHdeH, ObUIO CHETAHO 3aKIIOYECHUE, YTO
TPUTOHBI MOTYT CITY’KUTh B KAUECTBE aJICKBATHOI'O 0OBEKTa reMaTOJIOTHYECKUX UCCIIEOBAaHUM
B paMKaXx KOCMHMYECKOH mporpammbl. CieqyeT OTMETUTh, YTO XHUBOTHble Ha «buone-10»
HCIIOJIb30BAIMCh OHOBPEMEHHO JIJISl UCCIEA0BAHUS ITPOLIECCOB PET€HEPALH, TPOUCXOJAINX
MOCJIe aMITyTal[Mi MPOKCUMAIIbHON YacTH MepeJHIX KOHEUHOCTEN U 4acTH XBOCTA.

B crnenyromiem skcniepuMeHTe IpY SKCMO3UIUN UHTAKTHBIX (HEOIIEpUPOBAHHBIX) TPUTOHOB
Ha OnocnyTHUKe «broH-11» He ObUIO BBISIBICHO CYIIECTBEHHBIX Pa3INyunii, C OTHOI CTOPOHBI,
MEXy >KMBOTHBIMM IIOJETHOM TPYyNIBI M TPYNIbl CHUHXPOHHOIO KOHTPOJIS, a, ¢ APYrou
CTOPOHBI, TaKOBbIE ObUIM OOHApPYKEHbI MEXIY IpylNIaMH CHHXPOHHOIO U aKBapHaJbHOTO
KoHTpoJei. Takum 00pa3oM, H3MEHEHHs KIETOYHOI'0 cocTaBa nepudepruueckoi KpoBu ObUIH
CBSI3aHbl, B OCHOBHOM, C YCJIIOBHUSIMH CO/IEP KAHUS )KUBOTHBIX, a HE (PaKTOpaMH IOJIETa.

CpaBHeHHME AaHHBIX, OJYYEHHBIX B X0J/1€ dKcnepuMeHToB Ha «buone-10» u «buone-11»
MO3BOJISET MPEATNONIOKUTD, YTO peakuus nepupepuyeckoil KpoBu Ha PaKTOPbl KOCMUYECKOTO
[ojeTa MOXKEeT B 3HAYMTEIbHONH Mepe 3aBHUCETh OT (YHKIHMOHAJIBHOTO COCTOSHUS
KpOBETBOpPHOM TKaHU. KpoBeTBOpHAsi TKaHb TPUTOHOB, HAXOAUBILINXCA Ha 00pTy «broHa-10»,
[0JIBEprajach ABOMHOMY BO3JIEHCTBUIO: CTUMYJISILIUN PEMAPATUBHBIX OTEHIIMH, CBSA3aHHBIX C
KpOBOTIOTEPEH, U COOCTBEHHO (DAKTOPOB KOCMHUYECKOTO MOJIETA.

B Tex jxe sKcrepMMEHTax Mbl BIIEPBBIE IONBITAINCh HAWTU MOAXOABI Ul aHalIU3a
MOp(}OIOrHYecKd HEPaclo3HABAEMBIX KJIOHOTE€HHBIX KPOBETBOPHBIX KJIETOK TPUTOHOB. MBI
UCCIIE/IOBAJIM PEreHEepalliio KpOBETBOpHOW TKaHM y TpuToHa Pleurodeles waltl, ncnomnn3ys
MOJieJb PAJAMALMOHHBIX XUMEp, T.e. OOJIydeHMs] KpPOBETBOPHOM TKaHU PELUIIUEHTOB U
TPaHCIUIAHTAllMU UM JIOHOPCKUX KPOBETBOPHBIX KieTok (Domaratskaya et al., 2002). Beiio
00HapyXeHO, YTO KPOBETBOPHBIE KJIETKH TPUTOHOB CIIOCOOHBI K PENOMYJIALIMHA KPOBETBOPHBIX
OpraHoB M 00pa30BAaHUIO KPOBETBOPHBIX KIOHOB-KOJIOHMUA. BBUT Takke BBIABICH (PEHOMEH
JTI030BOM 3aBHCHMOCTH MEXIY YHUCJIOM BBEIEHHBIX KPOBETBOPHBIX KJIETOK JOHOpPA U YHUCIOM
KPOBETBOPHBIX KJIETOK B MEUEHH OOJIyYEHHOTO PEeLUIUEeHTa. DTH (aKThl CBUIECTEIbCTBYIOT,
YTO CYIIECTBYET NPUHLUIUATbHASI BO3MOKHOCTh KOJIMYECTBEHHOT'O aHaIn3a Mop(oioruiecku
HEPACIIO3HABAEMBIX KJIOHOT'€HHBIX KPOBETBOPHBIX KJIETOK HU3IIMX T03BOHOYHBIX.

[Tony4yeHHble HAMU JaHHBIE MOTYT UMETh HNPUHIMIHAIBHOE 3HAYEHUE IS OIpEeIICHUS
3aKOHOMEPHOCTEHN pereHepalny KpoBETBOPHON TKaHU Y HU3LIMX [T03BOHOYHBIX U BIMSHUM Ha



ee Xoa (aKTOPOB KOCMHUYECKOTO IMOJIETa, TeMOMOITHYECKOro cTpecca (Hampumep, MOTepH
KpPOBH), a TaKXe MX COBOKyNHOCTHU. [locieanee oOCTOSATENBCTBO ClEAYET, ¢ Hallel TOYKU
3peHus, YUUTHIBATh B XO0/I€ KOCMHYECKOIO I0JIETa, ITOCKOJbKY HAPYIIEHUS CTAllMOHAPHOI'O
COCTOSIHUSL KPOBETBOPHOM TKaHHW (HE3aBUCHMO OT BBI3BABIIMX UX NPUYUH) B COYETAHUH C
(akTOpamMu moJeTa, MOryT CYIIECTBEHHO MOBJIUATH HA KPOBETBOPEHHE.

IHoaxoanl 1 MeTOABI.

B skcnepumente Ha OuocnytHuke «POTOH-M2)» MBI HAMEPEHBI MPOBECTH KOMILIEKCHOE
UCCIICIOBAaHUE PEAKIMU KPOBCTBOPHOM TKaHM HMIIHCTBIX TpuToHOB Pleurodeles waltl wa
(akTOpBHl KOCMUYECKOT'0 MOJIETA.

3aayamMu SKCIIEPUMEHTA SBIISIOTCS:

- HCCJIEJOBAaHUE KJIETOUYHOT'O COCTaBa KPOBU M TMCTOJOTMYECKUH aHAIN3 KPOBETBOPHBIX
opranoB TpuToHOB Pleurodeles waltl 10 1 mocie KocCMUYECKOTO T0JIETA;

- HUCCIIEJOBaHME BO3JCHCTBUS (DAKTOPOB KOCMHYECKOIO II0J€Ta Ha KIOHOT'CHHbIE
KPOBETBOPHBIC KJIETKU UTIUCTBIX TPUTOHOB. B CBsA3M ¢ 3TUM OyAeT mpoJoiikeHa oTpaboTka
METOJla  KOJMYECTBEHHOIO aHajiu3a MOp(OJIOrMUecKd HEepaclio3HaBaeMoro OTjAesa
KPOBETBOPHOU CHCTEMbI aM(PHOMii;

- ONOpEACIICHUE BIMUSHHUS KPOBONOTEPH, CBSA3AHHOM C aMIyTallMed NepeaHen
KOHEYHOCTH U YaCTH XBOCTA, Ha TeMOrpaMMy nepudepruueckoil KpOBU TPUTOHOB.

[Inanupyercs TakkKe C TOMOIIbIO OpPOMJIIE30KCHUYpUIUHA OLEHUTH NPONH(epaTUBHYIO
AKTUBHOCTH KJIETOK NepudepruuecKorl KpoBU

Jns pemenust nmoctaBieHHbIX 3a7a4 B 2004 r. MbI MPOBENU HECKOJIBKO SKCIIEPUMEHTOB,
MPOTOKOJIBI U TIPEABAPUTEIIHHBIE PE3YIbTATHl KOTOPBIX IPUBEICHBI HIKE.

IIporoxou 1.

OTtpabdorka cucrembl xKU3HeoOecnedYeHUs TPUTOHOB Uist moJiera 2005 r.

B axBapuanbroit UBP B3sTBI B3pocible MOJIOBO3pENble, UTIIHCThIe TpUTOoHBI Pleurodeles
waltl B Bo3pacte 1.5 roma. [nuna TpuToHOB cocraBmsiia 154 mm. Cpemnuii Bec 12.7 rp.
’KvBoTHBIE OBLIM HOPMAJIBHOIO BHJA M aKTUBHOCTH, HE MMEIOIIME aHOMAJMN pa3BUTUS U
Opyrux HapyueHui, Bcero 20 mryk. JKMBOTHBIE Ha CYTKHM MOMEIEHbI B OTCAJHHUK (OOBIYHBIN
aKBapuyM) B JlabopaTopuu Mpu KOMHaTHOM Temmeparype. Ha cnemyrommit aens 15 u3 20
KUBOTHBIX OB HAPKOTHU3UpOBaHbI B MS-222 Ha ¢u3nonoruueckoM pactope ais ampuouit
(0.65% NacCl). IMocne aHacTe3uy KUBOTHBIC OBUTH OTIEPUPOBAHBI - MPOU3BE/ICHA AMITYTAIlHSI
o0enx nepeHUX KOHEUHOCTEel Ha ypoBHE Npemieubs (BOIU3U cycTaBa) M aMnyTupoBaHa 1/3
XBOCTa. JTU omepauuu ObulM BbIOpaHBl Kak HamOosee TpaBmaTHuHble. [locne omepainuun
KUBOTHBIE TOMEIIEHBl B OTAEIbHBII aKBapuyM C HEOONBIIMM KOJIMYECTBOM BOIBI JUIS
BOCCTAHOBJIEHHMSI 110CJI€ HAPKOTHU3AIMH U OTlepaIuil.

B KoHLe 1HS ONEpUPOBAHHBIE U MHTAKTHBIE )XKMUBOTHBIE ITOMEIIEHBI B aKBapuyM JUIs 7-
JTHEBHOTO BOCCTAHOBJIEHMSI M pEreHepaluyd KOHEYHOcTeH M XBocTa. Jlajgee >KMBOTHBIE B
kosmyectBe 20 mTyk (15 onepupoBaHHBIX U 5 UHTAKTHBIX ) OBUIM MEPEHECEHBI B UCIIBITYEMBbIN
koHTelHep mis mpoepku CXKO. Konrelinep, kyna 6su10 106aBiaeHo 700 M1 OTCTOMHON BOIBI,
ObUI IOMEIIEH B TEMHOTY, B TepMocTaTUpyeMblii mkad ¢ t 20°. Cpok sxcnozunuu (18 queit) B
JAHHBIX YCJIOBMSIX ObLI BbIOpaH M3 pacueTa - 16 nHel mosera + 2 JAHS TPAHCHOPTHUPOBKU U
MHCTAUIAUKM Ha 60pTy A0 crapra. [lpu mocanke B KoHTeHep He HAOIIOAAIN KPOBOTCUCHHS
WJIM OTKPBITBIX PaH Ha MECTE aMITyTalluH SKCIEPUMEHTAIBHBIX )KUBOTHBIX. CnycTs 18 nHei
KOHTEHHEp C HKCHEPUMEHTAIbHBIMM TPUTOHAMH OBbLT BCKPBIT. CpeaHuil Bec KMBOTHBIX
coctaBui - 12.1 r. )KuBoTHble ObUIM HOPMaJIbHOIO BUJA U aKTUBHOCTH, Bcero 20 mrTyk (Bce
uBbIe). B KOHTeliHEpe Bce elle COXpaHsulach BIAXKHOCTb HYKHOTO YPOBHS. 3arpsi3HEHHE
HOJUI0KKH OBIJIO He3HAYNUTENIbHBIM. JKMBOTHBIE UMEH «XOPOLIYIO (hOpMY», ObLTH IOJBUKHBI
U 3710poBbl. JKUBOTHBIE OBUIM MOMEIICHBI B OTCAJAHUK (OOBIYHBIN akBapuyM) B JabopaTopuu



IIPY HOPMAJILHOM KOMHATHOM TEMIIEPATYPE U OCBEILICHUH.
IIporoxou 2.

I/ICCJ'IeIIOBaHI/Ie KPOBH M1 KPOBE€TBOPHLIX OPraHoB TPUTOHOB.

HccnenoBanue ObUIO MPOBEACHO JUISI TPEX MHTAKTHBIX TPUTOHOB M TPEX TPUTOHOB MOCTE
ylaneHuss xBocra W Jjamn. [IpuroroBisiaM Ma3ku KpoBH, (DUKCHPOBAIM HMX METAHOJIIOM M
OKpalIMBaIK a3yp-303uHOM. Ompefensid BeC IEYEHH - OCHOBHOIO OpraHa MHEIOINO033a
TpUTOHOB. OT IEUeHH OTpe3al KyCOYeK TKAaHM, B3BELIMBAIM, W3MEIbUAIN HOXHHULIAMHU U
IPUTOTOBJISUIM  B3BECH KIIETOK, IIOCIEAOBATEIbHO MPOMYCKas KIETKH Yepe3  HIJIbI
YMEHBUIAIOLIET0oCs JUaMeTpa. 3aTeM B3BECh KJIETOK (PUIbTPOBAIM Yepe3 KalPOHOBBINA (PUIBTP
Y ONPEIEIISIIN CO/IEP>KaHNE KPOBETBOPHBIX KJIETOK B IIOJy4YEHHON B3BECH, TPOBOS UX IOJICUET
B kamepe ['opsieBa. OcraBuinecss KycodykHu mnedeHu (ukcupoBanu B cmecu KaphHya, Bpems
¢ukcammu 1,5 gaca. [locne ¢ukcanum Kycoukn TKaHH OTMBIBAJIH B Tpex cMeHax 70 cimpTa,
3aJMBaJ B Mapa(uH U NPUTOTOBJSUIM THCTOJIornueckue cpes3bl. Cpesbl OKpaluBaind a3yp-
J03HHOM.

B Hacrosiiee Bpemsi Bech [OJy4eHHBIH MaTepual HAXOUTCS B CTa Ul 00pabOTKH.

IIporoko. 3.

IKCIEePUMEHT 10 MPOBEPKeE )KU3HECITOCOOHOCTH TPUTOHOB MOCJIe MOACAAKHU
B TeJIO )KUBOTHBIX IVIACTUKOBOH MOMIIbI (KAICYJIbI) JAJIS1 IOCTOSIHHOM
JOCTABKU BHYTPb OPraHU3Ma OPOM/I€30KCUYPHIUHA B TeYCHUE
JJINTEJbHOr0 BpeMeHH (nmpeanojaraercs B0 spemMs 16-tu {HeBHOI0
moJjiera).

B3sThl onepupoBaHHBIE paHee MO0JIOBO3penble TPUTOHBI (Bcero 10), KOTOpeIM Mocie
anacre3un (MS222 1:1000) 6s11 caenan HEOOTBIION pa3pe3 KOKU COOKY, Ha TIPABOM CTOPOHE
TE€Jla OKOJIO 3aJHEll KOHEYHOCTH. B paspes, NpUIIOAHSAB KOXKY, aKKYpPaTHO BBOAWJIN IJIa3HON
CKaJIbIIeJIb ThUIbHON CTOPOHOM U ITPOJBUTAIIN €T0 B ITOJIOCTH TeJIa IPUMEPHO JI0 CEPEIUHBI Tella
TPUTOHA. 3aTeM B pa3pe3 BCTABIUIA 3aKPBITYIO HOCHUTEIEeM momiy (Mmicro-osmotic pump,
model 1002, Alzet) u nmpoaBuranu ee B KaymaibHee, Omke K rojose. Pa3pes He 3amuBaiy.
Kak BBISICHUIIOCH, OH OBICTPO CTATHBAJCS, BHYTPEHHUE OpraHbl OCTAaBaJINCh HA MECTE€ U HE
OBLTH BUIHBI B TIPOCBETE B MeCTe paspesa. Takum oOpa3oM, ObLIM ONEPUPOBAHBI 9 TPUTOHOB
(1 »xuBoTHOE - omHa Karcyna). [lociae 3TOro KMBOTHBIE OBLTU OCTaBIEHBI B CTaHAAPTHBIX
71a00paTOPHBIX YCIOBUSX, B BOJIE, TOKOPMIIEHBI OAMH pa3 MOTbuIeM. Jlanee OblIN niepeBeIeHbI
B yci0BHs KOHTelHepa « TpuTon», - Te ke yclIoBUs COJEP/KaHuUs, YTO YKa3aHbl B IPOTOKOJIE 1.
['epMeTHYHO 3aKpBITHII KOHTEWHep ObUI MOMEINIEH B TEMHOTY IKada, rie HaxoIujcs B
Te4eHue |-ro Mmecsa B YCIOBHUSX OTHOCHTENBHO BBICOKOW (JIETHEH) TemmepaTypsl
naboparopHoit koMHaThI (25-27 C). [TepBbIif 0CMOTp MOKAa3all, YTO BCE KUBOTHBIE 3HAYUTEIHLHO
M3MEHUJIH 1IBET KOYKHOTO IMOKPOBa, CTAJIM 3aMETHO cBeTiiee. OOBIUHO 3TO CBUIETENLCTBYET 00
U3MEHEHUU COCTOSIHUS JKUBOTHBIX B XYJIIYI0 CTOpOHY. OO 3TOM e CBHUETEIbCTBOBAIN MX
MAaJIOTIOJIBI)KHOCTh, CJa0ble peakIuud Ha 3BYKOBOM WM CBETOBOM pa3apakKUTEIH.
KuzHecnnocoOHOCTh: MpU OTKPBITUM KOHTEHHepa u3 10 )KMBOTHBIX MEPTBBIMH OKa3ajuCh 4.
Tpu TpuTOHA U3 1IECTH OBUTH B TOT € J€Hb HAPKOTU3UPOBAHBI B pacTBope MS 222 1 BCKPBITHI
- IPOU3BEJICH pa3pe3 IJIa3HbIMU HOKHHUIIAMH BIOJIb OPIOIIHON MOJIOCTH XKHUBOTHOTrO. O61acTh
K€ MCXOJHOTO pa3pes3a MOoYTH He3aMeTHa - BCEe JIMHUU pa3pe3oB 3axmin 0e3 oOpa3oBaHus
pyO1oBoii TkaHu. [Ipy BCKPHITUM MOJIOCTH T€Ja U PACIOIAraolUuecs] TaM OpraHbl BHITIISIST
HOPMaJIbHO, HET JUIIHEW BJaru WM KpPOBHU, KallCylbl CBOOOJHO MOTYT OBITh BBIHYTBHI
nuHIeToOM. He ObLI0 BHIHO HHM HApOCTa HA CTEHKH KarCyl, HU «CPAacTaHUS» HX C
OKpYXaloIUMHU TKaHIMU. Bce TpUTOHBI ATOr0 SKCIepruMeHTa OblTH (PMKCUPOBAHBI LIETUKOM B
10% pactBope QopmanuHa, IS TOCIEAYIONIETO THCTOJOTHYECKOTO HCCIeIOBAHUS



BHYTPCHHUX OPTraHOB.

IIpenBapuTENBHBII SKCIEPUMEHT I0KAa3aJl, YTO Ha MPOTSKEHUM UINTENBHOIO CpOKa
(OompIIe MecAlla) TPUTOHBI MOTYT MEPEXKHUBATH B )KECTKUX YCIOBUAX KoHTeHHepa «TputoH»
IpU MOJACAXKEHHBIX B TeJNO Karcyhaax-HocuTensx. OnHako HeOnaronpusTHele BO3JEHCTBUSA
000MX, BHEIITHETO M BHYTPEHHETO (DAKTOPOB MOTYT B OTJEIBHBIX CIIy4asiX MPUBOIUTH K THOEIH
U B OOJIBIIMHCTBE CIIy4yaeB K YTHETEHUIO 3/J0POBbs U aKTUBHOCTH KUBOTHBIX. CXeMa JaHHOTO
NEPBOT0 JKCIEPUMEHTAa HE TO3BOJSIET JeNaTh BBIBOABI 00 W3MEHEHHMM HMHTEHCHBHOCTHU
nposin(epaTuBHON aKTUBHOCTHU UKJIUPYIOLIUX KIETOK B YCIOBUSX JUIMTEIBHOTO IPUCYTCTBUS
B IIOJIOCTH TeJla KaIlCyJIbI-HOCUTEIIA.

PykoBonurens npoexra

aKaJeMuK H.I'' Xpymos
OTBETCTBEHHBIN UCIIOIHUTEE
KOH E.N.[Jomapankas

OTt4er 0 Hay4yHO# padoTe Haa NPoeKTOM «PereHepanus»
(®oton M-2, 2004-2005 rr.)

MOJIEKRYJIAPHO-BUOJIOT'HYECKOE U IUTOXUMHNYECKOE
NCCIEJOBAHUSA BJIUAHUA ®PAKTOPOB KOCMHUYECKOI'O
HOJIETA HA PETEHEPAIINIO Y HU3IIUX IO3BOHOYHBIX
(mpoaoJzKeHue - BTOPOii dTan padoThl)

PykoBogurens Mutamos B.1.

OTtBeTcTBEHHBIN UcnoaHuTeNb: ['puropsu 3. H.

Coucnomxaurenu: [lomnmuuckas B.A., MapkuTtantosa FO.B.

Bce - Unctutyt 6nonoruu passutus um. H.K. Konbmosa, PAH

Hcxoas U3 nocTaBieHHbIX 1iesiel paboThl - 1) u3yueHus: ypoBHS KJIETOYHOM mpoiaudepanun
TKaHEW TPUTOHOB HEINOCPEICTBEHHO BO BPEMs KOCMUYECKOTO IOJIETA U 2) MOJEKYISPHBIX
MEXAaHU3MOB BIIMSHUS KOCMHUYECKOIO IOJieTa Ha KJIETOYHYIO Mpojudepalnuio U CKOPOCTh
pereHepanMu XpycTajuMKa W XBocTa y TpUTOHOB - Ha 2004 r. Obutn chopMyIHUpOBaHbI
CIIEyIOIINE 3aJauH.

1) TecTupoBaHue psia panee pa3paboTaHHBIX MOJIEINEH pereHepanny TKaHel ra3a U XBOCTa
y TPUTOHOB B yCIOBUSX OnM3KUX HEKOTOpbIM yciioBusiM KII. IToctaHoBKka skcriepuMeHTOB Ha
BBIOPAHHBIX MOJIEIISIX PETCHEPALINH, YTBEPKACHUE IO pe3yIbTaTaM J1a0opaTOPHbIX UCIIBITAHUN
ONTUMAJIBHOTO (I TOJIeTa M TOCIEAYIOUIEr0 aHaiu3a) KOJIMYECTBA JKUBOTHBIX U HX
napaMeTpoB (Bec, BO3pacT, pa3mep).

2) JanbHeimas pa3paboTKa B JIaOOpAaTOPUU METOJIOB M IMOJIXOJOB IS MOJICKYJISIPHOTO
aHaJM3a SKCIIPECCHHU psijia TeHOB (Pax, ProxX, Six), OTBETCTBEHHBIX 32 PEreHepaIHio TKaHeH y
TPUTOHOB. [lomonHUTENbHOE Pa3BUTHE M MOAM(PHUKAIUS UMMYHOXHMUYECKUX METOJOB JUIS
OIIpeJIeTICHNUs SKCIPECCUU MapKepoB mposmdeparnBHoi aktuBHOCTH KiteTok (PCNA, BrdU), a
TaK)Ke psAJa POCTOBBIX (PAKTOPOB M UX PELENTOPOB, a TaKkKe CTpecc OENKOB Ha MOJENSIX
pEreHepanny XpycTajuka U XBOCTa y TPUTOHA.

3) BbliicHeHHE  JKM3HECIIOCOOHOCTM W KayecTBa  JKM3HM  TPUTOHOB  IOCTE
BHYTPUOPIOIIMHHOTO BBEACHUS MHKPO-TIOMI (HOCUTENEH s JUIMTENbHOM M MOCTEHEeHHOM
JIOCTaBKM BHYTPb JKMBOTHBIX BEIIECTB B HY)KHBIX J103aX) U COJEp>KaHUS B >KMBOTHBIX B
6uobokce.

Panee (centsi6pp 2004 r.) MBI IPEICTABWINA OTYET O X0JI€ IKCIIEPUMEHTATHLHOTO PEIICHUS
JaHHBIX 3aJad4. B HacrosdmiemM oTyeTe MBI INPUBOAMM OIMCAHHUE JIONOJHUTENIBHBIX
SKCIIEPUMEHTOB IO MPOEKTY U Pe3yNbTAThl, IOJIYYEHHBIE B CAMOE MOCIEIHEE BPEMSI.

ITpOoTOKOJ 3KCIEPUMEHTOB IO KYJbTUBUPOBAHHUIO AHTEPUAIBHOIO KOMILIEKCA IJa3a
TPUTOHA JUIS  OMpEAeJeHHs] U3MEHEHUM MNpoiau(epaTHBHON  aKTUBHOCTH  KJIETOK



M30JIMPOBAaHHON Paly’KKH B YCJIOBMSIX KiumHOBpauieHus. KyiabTMBUpOBaHHE NPOBOAMIN B
YCIIOBUSIX BpAIlIeHUs Ha TOPU30HTAILHOM KIIMHOCTaTe (MUHU-POILIEPE). DTOT METO/1 TIO3BOJIUII
BIIEPBBIE IIPOBECTU JOJITOBPEMEHHOE TPEXMEPHOE OpPraHHOE U  OPraHOTHIIMYECKOE
KYJIbTUBHPOBAHHUE B YCJIOBUAX MOCTOSHHOE POTALIMK CO CKOPOCThiO 60 060poTOB B MUH. {7151
KYJIbTUBMPOBAHUS UCIIOJIb30BAIM BBIJEIECHHbIE aHTEPHAJIbHBIE KOMIUIEKCHI IJ1a3 TpUTOHOB PL
waltl, conmepxkamue poroBuily M pamyxkKy. XpycTaauk ObLI HM30JMPOBAH B Ipollecce
BBIJIEJICHUS MIEPEIHEro KoMIulekca ria3a. [lomumo 3Toro BoepBble KyJIbTUBUPOBAIM LENbIE
IJ1a3a TPUTOHOB, IIOMEIICHHBIE B CPEly M YCTaHOBJICHHBIE HA BpAIIEHUE Cpasy Mociie yAaleHus
xpycranuka. OOpasnpl momemanud B Imy3slpbku Falcon co cpemoit st KylbTUBHUPOBaHHS
ampuouitapix TRanen (30 mur). KynpTuBHpOBaHUE MPOBOAWIM B TEMHOTE, B TEPMOCTATE TPH
22-23 C° B reuenue 7, 14, u 28 nHeli; cpeny MeHsU Kaxapie 7 nued. Cpa3y mocie BpalieHus
oOpa3upl  ¢pukcupoBanu pactBopoM bysHa u roTroBwiM Uil MOPGOJIOTMYECKOTO U
UMMyHOXUMHUYeckoro  uccienoBanuii.  Ilpomudepanmss  IPECs  Opia  oueHeHa
MMMYHOIIUTOXUMUYECKH C ucronb3oBanreM antuten npotuB PCNA (proliferating cell nuclear
antigen). Ilocnmemnuii, W3BECTHBIH Tak)Ke KakK MHKIWH, sBisgercs auxiliary Oemkom JIHK
MOJIMMEPAa3bl O U MPUCYTCTBYET B HYKJICOTIIa3Me IIUKIUPYIOIINX KIETOK Ha IPOTSHKEHUU BCETO
KJIeTOYyHOro nukia. Bo3smoxHocts Tpancopmauuu [PECs B HanpaBiieHUH XpyCTalIMKOBON
muddepeHIIMPOBKY B MPOLIECCe KYIbTUBUPOBAHUS OINPEIEISUIA C MTOMOIIBIO0 AaHTUTEN IPOTUB
ampuOnHBIX KpucTaJUIMHOB B U y (aHTHTeNna npenocrasiensl B.Cumupckum, UBP PAH) u
METO/1a HEMPSAMOI HUMMYHO(ITYOPECIICHITHH.

[TosryueHHBIE COBCEM HENABHO IMEPBbIE PE3YyibTaThl KYJIbTUBUPOBAHUS AHTEPHAIBHOTO
KOMIUIEKCa ria3a MoKa3aiu, YTO BpaIIeHHe cO CKOpOocThio 60 00/MuH oOecrieunBaeT ycloBus,
Osin3Kkue MuKkporpasuTanuu. O0pasibl H30IMPOBAHHBIX Paly’KKH + pPOrOBULIBI HA IPOTSKEHUU
BCEro Ipoliecca KyJIbTUBUPOBAHUS HE B3aUMOJICHCTBOBAIIU ¢ CyOCTpaToM (cTeHKamu (1akoHa)
U HaxoJWIMChb B CBOOOJHOM BpallleHWU (IIEPEMELEHUU) B Cpele KYJIbTUBUPOBAHUS.
['ncTonornueckuii aHanau3 oOpa3llOB TKaHHW, MOJABEPrIIMXCS 2-X M 4-X HeAeIbHOMY
KJIMHOBPALIEHHIO 1N Vitro, MpoJIeMOHCTPUPOBAT OYE€Hb XOPOUIYIO )KU3HECTIOCOOHOCTH KJIETOK
B CO3/IaHHBIX YCJIOBUSX U MOJHOE COXpaHEHHE TKaHEeBOW opraHu3auuu. To sxe oOHapy>KeHO U
yepe3 4 Hejenu NMpHU KyJIbTUBUPOBAHUU LIEJTOT0 TJ1a3a TPUTOHA, IOMEIIEHHOT0 B CPENy cpasy
nocjie yAaajleHus Xpycrainuka. [I[py MakpoCKOIMMYEeCKOM HCCIEI0BAaHUU KYJIbTYp MEPEAHETO
KOMILJIEKCa TJ1a3a (poroBHIla + pagaykka), CHITBHIX yepe3 2, 3 u 4 Hell, Mbl YBHUJIETH aKTUBHBIN
POCT SIUTENUS] POTOBUIIBI, OKA3aBILErocsi CIOCOOHBIM 00pacTaTh pajy’KKy C BHYTpEHHEH ee
ctopoHbl. OueBuaHa OblIa M YacTUYHas JenurMeHrauus (neaudgepeHIrpoBKa) KIETOK
panyxku. HTepecHO, 4TO OHa MPOMCXO/AWIA HE TOJBKO B 30HE pereHepaunuu (A0pcantbHOM
obnactv), HO M Jpyrux oOyacTAX pagyKku. AHamu3 NOpoJaudepanuu  KIETOK
KYJIbTUBUPOBaHHOMW paayXKu nposoauics ¢ nomoinbto PCNA sccesd. [locnennuii mokasain, 4ro
B 00pa3iiax aHTEpHAIbHOTO KOMILJIEKCa YK€ Ha 2-i Hel KyJbTUBUPOBaHMSI OOHAPYKUBAIOTCS
PCNA -mo3uTHBHBIC KIIETKH, OJHAKO B OOJBIIEH Mepe B pPOTOBUIE W LUJIHMAPHON 30HE
panyXKu, 4eM B 3pauKOBOM Kpae JOpPCAIbHOM PallyKKH, SIBISIFOIIEHCS In VIVO HCTOYHUKOM
pereHepanuu xpycranuka. OKpamnBaHue KyJIbTHBUPOBAaHHBIX NEPENHUX KOMIUIEKCOB TIJla3a
TPUTOHA AaHTHUTENAMH MPOTHB aMPUOMMHBIX [- M Y- KPUCTAJUIMHOB JOMOJIHHUTEIHHO
IPOIEMOHCTPUPOBAIO HAYaJIO0 KCIPECCUU OENKOB XpYCTATMKOBOW au(D(HEpeHIIuPOBKU BO
BHYTPEHHEM JINCTKE UIMAPHON U 3pauykoBOi oOmacreit panyxku. [Ipu KynbTUBUpOBaHUU B
YCIOBUSAX KIMHOBPALIEHUS LEJIOro IJla3a TPUTOHA IOCIE YAAJIEHUS XpYCTaJIWKa Mbl HE
OOHapyXWId B HCCIEIyeMbIH MepHoJ TpaHCPOpMalMHM KJIETOK pPaay>KKM U MPHU3HAKOB
o0Opa3oBaHus XpycTaJuka. B 1iemoM, HeCMOTps Ha TO, YTO CpaBHEHHE Nposin(epaTUuBHOU
AKTUBHOCTH KJIETOK padyXKKU MpPH KyJIbTUBUPOBAHMM B YCIIOBHUSX BpAILEHUS C TaKOBOU B
CTAllMOHAPHBIX KYJIbTypaX HE TMPOBOAWINCH, HCIOJb30BaHHBIE MOJEIN U  CHOCO0
KYJIbTUBUPOBAaHUS Mbl CUMTA€M BECbMa MEPCIEKTUBHBIMU ISl MApauIeIbHOTO PEATbHOMY
1oJIeTy, TabopaTOPHOTO HCIOJIB30BAHUS B MCCIEAOBAHUAX BIUSHHUS MHUKPOTPABUTAIMM HA
peredepanuio 'y am¢uoOuii. J[aHHBIA TMOAXOA TMO3BOJISIET MPOBOAUTH TECTHPOBAHUE psia
(GakTOpOB, MPETEHAYIOIIMX Ha POJIb  PETYJISUM  Npoiudepanuy, COBMECTHO C



KJIMHOBpAIIEHUEM, CUMYJIUPYIOIIUM HEBECOMOCTb.

Taxkum oOpazom, mpoBeaeHHbie B 2004 1. mMccienoBaHus MO MPOeKTy «PereHeparius»
MO3BOJISIIOT HAM MPUMEHUTH Psii HOBBIX METOJOB M MOJXO0JI0OB HE TOJIBKO B IJIAHUPYEMOM B
2005 r. skcnepumenTe Ha 0opty cnyTHHKa ®oToH M-2. HO M B NMapauieIbHbIX Ha3eMHBIX
uccienoBanusix. lIpoBeneHHas paboTa TMMO3BOJSET HU3YYHTHh OKCIPECCHI0 HEKOTOPBIX
PEryJIATOPHBIX T'€HOB IpPH pEereHepalyy ria3a U XBOCTa y TPUTOHOB IOCJE 3aBEPIICHUS
KocMuueckoro mosiera. OmpHuM u3 Hamboliee aJeKBATHBIX TOIXOIOB JUIsl OOIIEH OIICHKU
s dexroB neiictBus daxropo KII Ha skcnpeccuto reHoB siBisieTcs: ucnosb3oBanue JIHK-
YHITOB, MO3BOJISIFOIIMX OIICHUTH MIEPECTPONKY IKCIIPECCUU JOCTATOUHO OOIBIIIOTO YHCIIA TCHOB,
OJIHAKO JTOT MOJXOJ MOXKET OBbITh peajqr30BaH IPHU JIOMOJHUTEILHOM, 3HAYUTEIBHOM
(dbuHAHCUPOBAaHUHU. B OTCYTCTBMM TaKOBOTO OYAYT HCIOJB30BAaHBI TPATUIIMOHHBIE TPHUEMBI
(ITLP n rubpuamzanusa in situ) u umerommecs 3061 (PHK-poOs1) mis aHanm3a TONBKO
HECKOJIbKUX, MEPEUYNCICHHBIX BBINIE T'€HOB. B X0lle MPOBEIEHHBIX OMBITOB COOpaH TaKke
MaTepuan ISl TPOBEACHUS HMMYHOXMMHMUYECKHUX PEAKIUW MO BBISBICHHUIO SKCIPECCUU
pOCTOBBIX (DAaKTOPOB M cTpecc OenkoB. [IJIsi ONEHKH SKCIPECCHH IOCICTHUX IPOBEICHBI
SKCIIEPUMEHTHl [0  TECTUPOBAaHMIO  KOMMEPUECKMX  aHTUTENl  MPOTUB  OENKOB
reHEepaIM30BaHHOIO CTpecca pa3HOM MOJIEKYIsIpHON Macchl. OmnpeneneHbl CpoKH omnepanui
JUTSL MHIYKIIMKA PereHepaliy XpycTaanKa i KOHEYHOCTH, YUCIIO U BO3PACT KUBOTHBIX, a TAKIKE
YCJIOBHSI COJEpKaHHUS JI0, B TEUEHHE U TIOCJE TojeTa. BBISICHEHBI MNpeaBapUTEIbHO
HEOOXOIUMBbIE JI03bl BBOJUMOTO BHYTPHUOPIOMIMHHO U intraoculi mpeaiiecTBEeHHUKA IS
UMMYHOXMMHYECKOTO aHanu3a kierounoi mpomudepanuu (BrdU assay) no m mocrne
KOCMHUYECKOro ToJieTa. BbIsICHEHO, 4TO B TE€YEHHE UIUTEIBHOro Cpoka (Oousblie mecsia)
TPUTOHBI MOT'YT TIEPEIKUBATH B JKECTKHUX YCIOBHIX KOHTeHHepa « TpUTOHY MPH MO ICAKEHHBIX
B TEJI0 MHUKPO-TIOMIT (KamcyjaaX-HOCUTENSX ISl MOCTEIIEHHON MOocTaBKU BeliecTB). OgHaKko
HEOJIAarONPUATHBIE BO3JCHCTBHS JAaHHBIX BHEIIHETO W BHYTPEHHETO ()aKTOPOB MOTYT B
OTJICTBHBIX CIIy4asX MPUBOJIUTH K THOETH U B OONBIIMHCTBE CIy4aeB K YTHETCHHUIO 3JJ0POBbBS
W aKTUBHOCTH >KMBOTHBIX. [loMHMMO 5TOro, MOJYy4YeHBI TMEpPBBIE ITAaHHBIE O IOBEICHUH
W30JIMPOBAHHON paJyXKW M POTOBHIIBI TJ1a3a MPH JUIUTEIHLHOM HMX KyJIbTUBUPOBAHUM B
YCJIOBHSIX TTIOCTOSTHHOT'O KJIMHOBpAIIeHus. JlaHHBIM T01X0/1 TO3BOJIUT B TAJIbHEHUIIIEM MIPOBECTH
napajuieNibHble  JIa0OpaTOpHBbIE HCCIEAOBAaHUs, TIO3BOJSIONINE OIECHUTh BIMSHHUE pAna
HK30TE€HHBIX POCT-CTUMYJIUPYIOMINX BEIIECTB B COYETAHUH C (HaKTOPOM MUKPOTPABHUTAIIMH Ha
pereHepaluio XpycTairuka y TPUTOHOB.

HanpHelimas pabota, npeaBapsitomias nojieTHbI skcnepumeHT 2005 roma MoxeT ObITh
YCIEIIHO TMPOBEIEHA TNPU YCIOBUHM TMONYYCHHs psAga HEOOXOAMMBIX PEaKTHBOB, CIIHCOK
KOTOPBIX MPUIIOKEH K OTUETY.

PykoBoguTens: 3aB.1a0., 1.0.H., Muramos B.1.
OTBETCTBEHHBIN UCTIOTHUTEID: 1.6.H. ['puropsia O.H.

OTt4er 0 Hay4HO# padoTe HaJ poeKkToM «PereHepanusy
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B skcnepumente, npoBoguBmemMcs B 1993 roagy Ha 6opty OuocnytHuka "buon-10", MbI



UCCIIEIOBANIM BIMSHUE MHUKPOTPABUTALMH U APYruX (HakTopoB 12-CyTOUYHOTO KOCMHYECKOTO
0JICTa Ha KPOBb M KJIOHOTEHHBIC KPOBETBOPHBIC KileTKH TpuToHOB Pleurodeles waltlii. TIpu
U3y4eHUH BIMAHUSA (DAKTOpOB IMoJieTa Ha KIIETOYHBIM COCTaB KPOBHU MbI OOHAPYKUIU
MPUHILIMIIAAIBLHOE CXOJCTBO MOCIENONETHBIX U3MEHEHUN cocTaBa mepudepruueckoil KpoBU C
WU3MEHEHUSMHU, OTMEYAEMBbIMU Y MJIEKOIIUTAIOIINX, OJJTHAKO, KOCMUUECKUH TTOJIET HE BJIMSAJI Ha
CIIOCOOHOCTh KJIETOK KpoBU TpuUTOHOB cuHTe3upoBath JIHK. ([Jomapamnkas u ap., 1994,
Michurina et al.,, 1994, 1995 ab,1996). IlockonbKy y QHIOTEHETHYESCKU alIEKHX
Ipe/CcTaBuTeNIeld TO3BOHOYHBIX (MIIeKONUTaromue u aMm(uOuu) xapakTep aJalTUBHBIX
u3MeHeHui nepudeprueckoir kpoBu Ha OKII mpeHTHueH, OBUIO CHETAHO 3aKIIOYEHUE, YTO
TPUTOHBI MOTYT CIIYXHUTh B KAUECTBE aJICKBATHOT'O 00BHEKTa reMaTOI0rHYeCKUX UCCIIeIOBAHUN
B paMKaxXx KOCMHMYECKON mporpammbl. CieqyeT OTMETUTb, YTO XHUBOTHble Ha «buone-10»
HCIIOJIb30BAINCh OJHOBPEMEHHO JIJISl CCIIEA0BAHUS MTPOLIECCOB PEreHEepaliu, MPOUCXOISIINX
1I0CJIE aMITyTallM POKCUMAJIBHON YacTH NEPEIHUX KOHEYHOCTEN U 4acTH XBOCTA.

B crenytomem skcriepuMeHTe MPU SKCHO3UIMHA UHTAKTHBIX (HEONEPUPOBAHHBIX ) TPUTOHOB
Ha OnocnyTHUKe «bruoH-11%» He OBUIO BBISBICHO CYIIECTBEHHBIX PA3JIUYUi, C OJJHON CTOPOHBI,
MEXy >KMBOTHBIMH TOJETHOH TPYMIBI U TPYMIbl CHUHXPOHHOTO KOHTPOJS, a, C APYroi
CTOPOHBI, TaKOBBIE OBUIM OOHAPYKEHBI MEXAY TIPYyNIaMd CHHXPOHHOTO W aKBApHAIBLHOTO
KoHTposiel. Takum oOpa3om, U3MEHEHHS KJIETOYHOTO cOocTaBa nepudepuieckoil KpoBu ObLIN
CBSI3aHBI, B OCHOBHOM, C YCIIOBHSIMH COJICP)KaHHSI )KUBOTHBIX, 8 HE ()aKTOpaMH TOJIETA.

CpaBHeHHME JaHHBIX, OJYYEHHBIX B X0J/1€ 3KcnepuMeHTOB Ha «buone-10» u «buone-11»
MO3BOJISIET MPEOIOKHUTh, YTO peaklus neprupepudeckoil KpoBU Ha PaKTOPBI KOCMUYECKOTO
mojieTa MOXKET B 3HAYUTENbHOM Mepe 3aBuUceTh OT (YHKIMOHAIBHOTO COCTOSIHUS
KpOBETBOpPHOU TKaHU. KpoBeTBOpHAs TKaHb TPUTOHOB, HAXOAUBILINXCA Ha 00pTy «broHna-10»,
MOJIBeprajach ABOWHOMY BO3JICHCTBUIO: CTUMYJISILIUU PETapaTUBHBIX MOTEHINH, CBI3aHHBIX C
KPOBOTIOTEPEH, U COOCTBEHHO (haKTOPOB KOCMHUYECKOTO TMOJIETA.

B Tex e »KCcepMMEHTaxX Mbl BIIEPBBIE MOMNBITATUCh HAWTU TMOJAXOABI JJIsl aHaIu3a
MOP(}OIOrHYecKd HEPaClO3HABAEMBIX KJIOHOTE€HHBIX KPOBETBOPHBIX KJIETOK TPUTOHOB. MBI
UCCIIEIOBAJIM PEreHEepallii0 KpOBETBOPHOW TKaHM y TpuToHa Pleurodeles waltl, nucnomns3ys
MOJieJb PAJAMALMOHHBIX XUMEp, T.e. OOJIy4eHHS KpPOBETBOPHOM TKAHMW PELUIIMEHTOB U
TpaHCIUIAHTAIIMM UM JOHOPCKHX KPOBETBOPHBIX KieTok (Domaratskaya et al., 2002). beuio
00Hapy»XeHO, YTO KPOBETBOPHBIE KJIETKH TPUTOHOB CIIOCOOHBI K PENOIYJIALIMA KPOBETBOPHBIX
OpraHoB M 00pa30BAaHUIO KPOBETBOPHBIX KIOHOB-KOJIOHMH. BbUT Takke BbIABICH (pEHOMEH
JI030BOM 3aBUCHMOCTH MEXIY YHCIOM BBEJIEHHBIX KPOBETBOPHBIX KJIETOK JOHOPA U YHCIOM
KPOBETBOPHBIX KJIETOK B MEUEHH OOJIyYEHHOIO peLUIUeHTa. JTH (akThl CBUIETEIbCTBYIOT,
YTO CYIIECTBYET NPUHLUIUAIbHASI BO3SMOKHOCTh KOJIMYECTBEHHOT'O aHaJIN3a MOp(oIoruiecku
HEPACIIO3HABAEMBIX KJIOHOT'€HHBIX KPOBETBOPHBIX KJIETOK HU3IINX IT03BOHOYHBIX.

[ToryueHHble HAMHM JaHHbIE MOTYT MMETh NPUHIUIHAIBHOE 3HAYCHHE JJIs ONpeeseHUs
3aKOHOMEPHOCTEN pereHepany KpOBETBOPHON TKaHU Yy HU3LINX [T0O3BOHOYHBIX U BIMSHUM Ha
ee XoJl (aKTOpoB KOCMHUYECKOTO IOJIETa, T€MOMO3TUYECKOro cTpecca (Harpumep, MnoTepu
KpPOBH), a TaKXe MX COBOKYNMHOCTHU. [locieaHee oOCTOSTENBCTBO CIEAYET, ¢ HAlleH TOUKU
3peHus, YUUTHIBaTh B X0JiI€ KOCMHUYECKOIO MOJeTa, MOCKOJIbKY HApPYIIEHUS CTallMOHAPHOTO
COCTOSIHUSI KPOBETBOPHOW TKaHHM (HE3aBUCHMO OT BBI3BABIIMX WX MPUYUH) B COYETAHUU C
¢dakTopaMu moJyieTa, MOTYT CYIIECTBEHHO MOBIUATh HA KPOBETBOPEHUE.

OCHOBHBIMU KpPOBETBOPHBIMM OpraHaMu TpPHUTOHA, KaK MPEACTABUTENS] XBOCTAThIX
ambubuii, ABIAIOTCA T€YEHb, Celie3eHKa M mnepudepuyeckas KpoBb. O pereHepanuu
KPOBETBOPHOW TKAaHM CYAMJIM IO COACPKAHMIO KPOBETBOPHBIX KJIETOK B IEUEHH, €€ BECY,
TUCTOJIOTMYECKON KapTHHE MEYEHU U CEJIE3eHKH, KIIETOUHOMY COCTaBY KPOBH.

IHoaxoanl 1 MeTOABI.

B okcnepumente Ha OuocnytHuke «@PoTOH-M2» OyaeT NpoOBEIEHO KOMIUIEKCHOE
UCCIIC/IOBAaHME PEaKIMK KPOBETBOPHOW TKaHW HIIUCTBHIX TpuToHOB Pleurodeles waltl na
(haKTOpPBI KOCMUYECKOTO TTOJIETA.



3amayamMu SKCIIEPUMEHTA SIBIISFOTCS

- HCCIeOBaHUE KJIETOYHOI'O COCTaBa KPOBU M THCTOJOTHYCCKUM aHaIu3 KPOBETBOPHBIX
opranos TpuToHOB Pleurodeles waltl 10 1 mocie KOCMHUECKOTO MOJIETA;

- HCCIeOBaHUE BO3JCHCTBUS (PAKTOPOB KOCMHYECKOTO II0Je€Ta Ha KJIOHOTCHHBIC
KPOBETBOPHBIC KIIETKU UTIUCTBIX TPUTOHOB. B CBsI3M ¢ 3TUM OyAeT MpoJoKeHa OTpadoTKa
METO/Ja KOJIMYECTBEHHOTO0  aHajiu3a MOp(}OJIOTrHYECKH HEpacrmo3HaBaeMoro  OTena
KPOBETBOPHOU CUCTEMBI aM(pUOuii;

- ONpEACIICHHE BIMSHUS KPOBONOTEPH, CBA3aHHOM C aMmmIyTalWed mepeaHen
KOHEYHOCTH M YaCTH XBOCTa, Ha reMorpamMmy nepudeprudeckoil KpOBU TPUTOHOB.

[Tnanupyercs Takke C IOMOIIBI OPOMIE30KCHYPHAMHA OICHUTH MPOJU(EepPaATUBHYIO
AKTUBHOCTH KJIETOK Niepuepuiaeckori KpoBu

Hns pemienusa nocraBieHHbIX 3a7a4 B 2004 r. Mbl MPOBEJIM HECKOJIBKO SKCIIEPUMEHTOB,
MIPOTOKOJIBI U IPEIBAPUTEIHHBIC PE3YIbTaThl KOTOPBIX MPUBEICHBI HUXKE.

HccaenoBanue KPOBHM M1 KPOBECTBOPHBIX OPIraHOB HHTAKTHBIX H
ONEPpUPOBAHHBIX TPUTOHOB.

HccnenoBanue OBUIO MPOBEJCHO JUISI TPEX MHTAKTHBIX TPUTOHOB M TPEX TPHUTOHOB MOCTE
ylaneHuss xBocra W Jjamn. [IpuroroBisivm Ma3kud KpoBH, (DUKCHPOBAIM HUX METAHOJIOM H
OKpallMBalIu a3yp-303uHOM. Ompenensau Bec NEYEHW - OCHOBHOIO OpraHa MMEJIONod3a
TpUTOHOB. OT NEUeHH OTpe3alM KyCOYeK TKAaHM, B3BELIMBAIM, W3MEIbUAIN HOXKHHULIAMHU U
IPUTOTOBJISUIM  B3BECh KIIETOK, IIOCIEAOBATEIbHO MPOMYyCKas KIETKH Yepe3 HIJIbI
YMEHBUIAIOLIET0Cs JUaMeTpa. 3aTeM B3BECh KJIETOK (PUIbTPOBAIM Yepe3 KalPOHOBBINA (QUIIBTP
Y ONPEJEIISIIN CO/IEP KaHNE KPOBETBOPHBIX KJIETOK B IIOJyYEHHON B3BECH, TPOBOS UX MOJICUET
B kamepe ['opsieBa. OcraBiinecss KycOukd meueHH (ukcupoBaiu B cmecu Kaphya, Bpems
¢ukcanuu 1,5 yaca. [locie gukcanum KycOukd TKaHU OTMBIBAJIU B Tpex cMeHax 70° crupra,
3aJMBaJIM B MapauH M NPUTOTOBISUIM THUCTONOTHYeckue cpe3bl. Cpe3bl OKpalluBalId azyp-
DO3HHOM.

AHanu3 pe3ysbTaToB MOKa3ajl, YTO ONEPALUs BBI3BIBAET CYILIECTBEHHOE YMEHBIIEHUE Beca
MIEYEeHH, OCHOBHOI'O OpraHa MHEJION033a y TPUTOHOB. B KOHTpoOJIe BEC MEUEHU COCTaBISET B
cpenHem 401 Mr, Torna Kak y OnepMpOBaHHBIX XUBOTHBIX - 330 mr. Yncino KpoBETBOPHBIX
KJIETOK KJIETOK Y MHTaKTHBIX U ONEPUPOBAHHBIX TPUTOHOB COCTABJISIET COOTBETCTBEHHO
9,88x10° u 6,04 x10° ki1eTok/meueHs.

HccienoBanue penonyasiiui KPOBETBOPHBIX OPraHOB 00/1y4€eHHbIX
TPUTOHOB-PEUMIIHCHTOB MOCJ/Ie TPAHCIVIAHTALMUA KPOBETBOPHBIX KJIETOK M3
Ne4YeHU TPUTOHOB-I0HOPOB.

[enbto sKcnIeprMeHTa ObIIO OMpeIeIeHHe ONTUMAILHOTO YK CIia KJIETOK, HEOOXOAUMBIX /IS
PENonyNAlUY NeuYeHH OOJYyYEeHHBIX TPUTOHOB TOCIE TPAHCIUIAHTALMU MM Pa3HBIX 103 (4-
10x10%) KpOBETBOPHBIX KJIETOK U3 TMeYeHH TPUTOHOB-IOHOPOB. IIpH MOCTaHOBKE
DKCIEPUMEHTAa Mbl OPUEHTHPOBAINCH HA JAHHBIE PAHEE BBINOJIHEHHBIX SKCIIEPUMEHTOB Ha
o6uocnerHuke «buon-11»

OmneiT npoBoawn 1o cieayromeil cxeme. JKuBoTHbIX nenwin Ha 3 rpynnsl: | rpynna He
MoJIBeprajach KakuM-1u00 BO3JEHCTBUSM M CIYXKWJIa MHTAaKTHBIM KoHTposiewm, Il rpymmy
coCTaBJIsIM oOsyueHHble TpuToHBI, Il rpynmy - o6mydeHHbIE TPUTOHBI, KOTOPHIM BBOJAMIH
KPOBETBOPHBIE KJIETKH M3 MI€UEHU MHTAKTHBIX KUBOTHBIX. Jl03a oOmydenus cocrasisuia 1000
p. KpoBeTBopHBIE KIETKHM HHBEIMPOBAIN BHYTPHUOPIOIIMHHO, MOCKOJBKY BHYTPHUBEHHOE
BBEJICHUE KJIETOK TPUTOHAM TEXHUYECKH 3aTPyIHUTENIBHO.

Penonynsanuio KpoBETBOPHON TKaHW PELUIIMEHTOB aHaIu3upoBanu uepe3 30 cyTok mocie
00JTy4eHUs U TPAHCIUIAHTALUU JOHOPCKUX KPOBETBOPHBIX KJIETOK. Onpenensiyn Bec eUeHH U
coJiepKaHue B HEH KPOBETBOPHBIX KJIETOK, UCCIIEOBAIM KICTOUHBIH COCTaB Mepr(epruIecKoil
KPOBH, IIPOBOJWIIA THCTOJIOTMYECKAN aHAJIN3 BOCCTAHOBJICHUS KPOBETBOPECHMS B IEUEHH.



Bec neyeHu TPUTOHOB-PELMIIMEHTOB U COJePKAHUE B Hell KPOBETBOPHBIX
KJIETOK.

JHo3a o6myuenus 1000 p MOTHOCTBIO OJHOCTHIO TIOJIABIISTIOT KPOBETBOPEHUE M OITYCTOIIACT
KPOBETBOPHBIC TEPPUTOPUH B MEUECHU TPUTOHOB-PEIIUITUEHTOB. BMecTe ¢ TeM, pelUunueHTsl
JIOCTaTOYHO XOPOIIIO €€ MEPEHOCST, U THOENb UX OT PaJilallii IPAKTUUYECKU OTCYTCTBYET.

AHaim3 KpOBETBOPHON TKaHU TPUTOHOB ObLI IpoBeeH yepe3 30 cyTok mocie 00ayuyeHus 1
TpaHCINAHTALNHI KaXA0My penunuenTy 4-10X10° 1oHopCeKiX KpOBETBOPHEIX KIIETOK.

OO0iiydyeHne NpuBOAWIO K CHU)KEHHIO BECA MIEUEHU M YKMCIIa KPOBETBOPHBIX KIIETOK B HEW.
Yepes 30 cytok nocie oonyuenus B 1o3e 1000 p Bec neuenu cocranisii 30,7% OT Beca neueHu
MHTAKTHBIX TpUTOHOB CoJliepskaHuE KPOBETBOPHBIX KIETOK yMeHbIIaaoch a0 13,6%. Ortu
JAaHHBIE XOPOILO COTJACYIOTCA C TMCTOJIOTMYECKUM aHaJU30M KpPOBETBOPHBIX TEPPUTOPUIN
neuyeHn OOJTY4YEeHHBIX TPUTOHOB, NPOBEACHHBIM HamMu panee. CrenoBaTeiabHO, MOXKHO
3aKJIIOYUTh, 4TO Yepe3 30 cyTok mocie 00aydyeHus: TPUTOHOB BOCCTAHOBJICHUS KPOBETBOPHOM
TKAaHHU 32 CYET SHAOTCHHBIX UCTOUHUKOB HE IPOUCXOMUT.

Uepes 30 cyTok mocie obmydenus m TpaHcrmanTamuy 4x10° TOHOPCKMX KpOBETBOPHBIX
KJIETOK BEC II€YEHHW PELUIIMEHTOB U UHCJICHHOCTb KpPOBETBOPHBIX KJIETOK B IE€YEHU
BO3pacTaoT. Bec neduenu yBennuuBaercs 10 63,6%), a 4uCII0 KPOBETBOPHBIX KJIETOK 110 26,4%.
MO’KHO TPEIONIOKNUTh, YTO YBEJIWYEHHE BEcCa MEUYEHU - OCHOBHOI'O KPOBETBOPHOI'O OpraHa
TPUTOHOB, a TaKXe YBEIWYCHHE COJCP)KAHUS KPOBETBOPHBIX KIIETOK B II€UYEHU CBSI3aHO C
pernonysuel  KpOBETBOPHBIX TEPPUTOPU B TEYCHU PELUIIUEHTOB BBEICHHBIMU
KPOBETBOPHBIMHU KJIETKaMU TPUTOHOB-IOHOPOB.

Jlis  mpoBepkM  ATOrO  MPEANONIONKEHHMS] Mbl  MCCIEAOBAIM  KJIETOYHBIH  COCTaB
nepudeprudeckoil KPOBH U MPOBENU TUCTOIOTUYECKUIN aHaIN3 CPE30B MEUEHU U CEJIE3CHKHU
TPUTOHOB 10CJIE 00JyYEHUS U TPAHCIUIAHTAL[MN KPOBETBOPHBIX KIIETOK.

AHAJIN3 KJIETOYHOI'0 COCTaBa KPOBHM TPUTOHOB.

B KpoBM MHTakTHBIX TPUTOHOB MPUCYTCTBYIOT CIIEAYIOIIME (OPMEHHBIE SJIEMEHTHI:
HEUTpOPMIBI, 303UHOGUIBI, 0a30(uabl, TUMOOIUTEI U MOHOUUTHI Cpean JEUKOIUTOB
npeobnanatoT Jumdouutsl (okosno 54%). BTopyto Mo UYMCIEHHOCTH TPYHIY COCTaBIISIOT
HEUTPOUIIbI: UX OTHOCUTENIBHOE COJEp’KaHUE B KPOBU B CPEJHEM COCTaBIseT okoiio 33%.
Cpenu HEUTPODHUIIOB MPUCYTCTBYIOT KIETKH Pa3HOW CTENEHH 3pEJIOCTU: MHUEJIOLUTHI, IOHBIE,
NaJI04YKO- U CerMeHTosiepHble. Jlong mocneqHux mpeobiagaer (B cpeaHeM okoio 22% ot
obmiero yuciaa (OPMEHHBIX HJIEMEHTOB). B psae ciaydaeB oOHapyXHMBaeTCsi HEKOTOpOE
KOJIMUYecTBO OnacTHbIX KieTok. OtHomenue JI/H=2,25, a co3peBaromux HEHTpo(UIOB K
3pesbIM cerMeHTosiiepHbIM =0,51.

UYepes 30 cyrok nocine obiydeHus TputoHoB B fo3e 1000 p kapTuHa KpoBH NpuoOpeTaer
uHble 4epThl. Tak, npons numdounToB ymensmaerca 10 31,3%. CooTBETCTBEHHO
YBEJIMYUBAETCS J0JIsI HEUTPOPHIIOB, B OCHOBHOM 3a CUET CErMeHTOsIepHBIX dopM (54,3%). B
pesynbrare cootHouenue JI/H ymensmaerca g0 0,56. [loast ocTaibHBIX KIETOYHBIX (OpM
MeHsieTcsl He3HauuTedabHOo. [lo nuTepaTypHBIM JaHHBIM CHUKEHHE OTHOCHUTEIHHOIO
colepkaHus JIUMGPOLUTOB U  YBEIUYEHHUE YHCICHHOCTH HEUTPOQMIOB B  KpPOBH
perucTpupyercst y Melmei-nmoneBok (MacmoBa u ap., 1994) u nsarymek (YepHbimosa,
CrapoctuH, 1994) npu xpoHndeckoM 00IydeHUH (TPU MOBBIIICHHOM YPOBHE €CTECTBEHHOM
paZoaKTUBHOCTH, a Takke B 30Hax YepHoObuibckoil ADC). T.e., TuM(OIUTHI TPUTOHOB, KakK
U MJICKOIUTAIOIUX M OECXBOCTHIX aM(UOMii, SBIAIOTCA BBICOKO UYYBCTBUTEIBHBIMH K
paauanuu KJIeTKaMu.

Pe3ynpTartel uccienoBaHUS KIETOYHOIO COCTaBa KPOBU TPUTOHOB, KOTOPBIM IIOCIIE
06mydenns BBoxmIH 4x10° KPOBETBOPHBIX KIIETOK TI€YEHH TPHUTOHOB-IOHOPOB, TOKA3HIBAIOT,
YTO MO0 CPABHEHUIO C 0OTy4EeHHBIM KOHTPOJIEM A0 TuMonnuToB yBenuueHa (46,3%), Torna
Kak nona HedTpoduioB ymenbineHa (33,0%). B pesymnbrare cootHomenue JI/H moutu
JI0CTUraeT HOpMalbHbIX 3HadeHUH (1,9). O1HOBpEMEHHO BO3pacTaeT U J0JIs CO3PEBAIOLIUX



HelTpopminoB (M+Mwm+I1/C=0,62), 4To CBUIAETENHCTBYET O PEreHEPATOPHOM IIPOIECCE B 3TOM
psany kietok. Takum o00pa3oM, y OOJNyYeHHBIX TpPUTOHOB dYepe3 30 cCyTok mocie
TPaHCIUIAHTAllUKM JIOHOPCKUX KPOBETBOPHBIX KJIETOK JIEWKOIMTapHas (opMyia KpOBU B
3HAYUTEIBHOM CTETICHH HOPMaJIH3yeTCsl.

I'mcTonoruveckuii aHaIM3 Ne4YeHN TPUTOHOB MOCJe 00JTyUeHUS 1
TPAHCIUIAHTAIIMHA UM JOHOPCKHUX KPOBETBOPHBIX KJIETOK.

VY Bcex >KMBOTHBIX TPYHIbl OOJYy4YEHHOTO KOHTPOJIS HE3aBUCHUMO HAONIOAAIOCh MOJIHOE
MO/JABJICHUE TI'eMOMO3TUYECKOW aKTHUBHOCTH. KpaeBass KpoBETBOpHas 30Ha IICYCHH,
pacrosararomasicss MoJ COSAUHUTENbHO-TKAHHOM KamlcCyjlod W B HOpPME COCTOAIIAs U3
HECKOJIBKUX PSZIOB KPOBETBOPHBIX KJIETOK, ObLIa peIylIUPOBAaHA 10 MUHUMYMa U HE COJIepKalia
KPOBETBOPHBIX KJIETOK.

['pynna oOMy4eHHBIX TPUTOHOB, MOJYYHMBIIMX HHBEKIIUIO KPOBETBOPHBIX KIJIETOK, IO
COCTOSTHUIO KPOBETBOPHOW TKaHU OblIa HE OAHOPOJHA. Y YacTU TPUTOHOB, HECMOTPS Ha TO,
YTO COJEp)KaHUE KPOBETBOPHBIX KJIETOK B TICUCHU M €€ BeC OBUIH BHIIIC, YeM Y OOITYICHHBIX
KOHTPOJIbHBIX JKMBOTHBIX, Ha THCTOJOTMYECKHX IIpernapaTax He YIaloch OOHapYyXUTh
MIPU3HAKOB TE€MOIOATUYECKON aKTUBHOCTH. OnHako y 3-X TPUTOHOB B TI€UEHU OBUIU
0oOHapyXeHbl CKOIUICHHsSI KPOBETBOPHBIX KJIETOK OJACTHOTO THIA BHYTPH U OKOJIO COCYJIOB,
pacmoJararmuxcs, B OCHOBHOM, BOJU3U KpaeBoOi 30HBI. AHAINM3 MOP(HOIOTHUECKUX JaHHBIX
JTaeT BO3MOKHOCTH MPEIOJIOKHUTh, YTO HAM yajoCh YJIOBUTH (YCTAaHOBUTH) MOMEHT Havaja
3aCeJICHUs] KPOBETBOPHBIX TEPPUTOPUN KPOBETBOPHBIMU KJIeTKamMu. (OYeBHUIIHO, UYTO Y
TPUTOHOB  TPOIECC  3acelieHUs] KPOBETBOPHBIX  OPraHOB  TPaHCILNIAHTUPOBAHHBIMU
KPOBETBOPHBIMHM KJICTKAaMHU HAYMHAETCSA IMO3]HEe, a, CIeJ0BaTebHO, W (HOPMUPOBAHHUE
KPOBETBOPHBIX 0YAroB MPOUCXOAUT MEJICHHEE, YeM Y MIIEKOTIUTAIOIINX.

TIpy yBeTMUYEHNN 10351 BBOIMMEBIX KIIETOK 710 8-10x10° Bec meyenu u 4mcio KpoBeTBOPHBIX
KJIIETOK B HEHl JOCTUTaloT HOpPMBL. B mapeHxuMme W mojJ Kamncylod OpraHa MOsBIISFOTCS
KpOBETBOpHBIE ouarn. B owarax HaOmomarorcs manoauddepeHnrpoBansbie (O1acTHBIC)
KJIETKA W MoJojable (OpMBI KIETOK TpaHyJIoLUTapHOro psaa. ['mcromormueckas KapTUHA
CEJIE3€HKH Y PEIMITUEHTOB KPOBETBOPHBIX KJIETOK MPAKTHUYECKH HE OTIMYAETCS OT TAKOBOU Y
WHTaKTHBIX )KUBOTHBIX.

B unTepBane ucciegyeMmbIx 03 OT 2 KIETOK OOHapy»KeHa MpsMasi MPOMOpIMOHAIbHAS
3aBUCHMOCTh MEXJY YHCIOM TpPaHCIUIAHTUPOBAHHBIX KPOBETBOPHBIX KJIETOK M YHCIOM
KPOBETBOPHBIX KJIETOK B M€YEHU OOJTyUYEHHBIX TPUTOHOB-PEIUITUEHTOB. DTO CBUIETEIHLCTBYET
0 KJIOHAJIbHOM XapaKTepe Penomyisiiuyd KPOBETBOPHOM TKaHU y HM3UIMX [O3BOHOYHBIX, YTO
paHee OBLIO MOKa3aHO TOJBKO JIJISI MBIIIIEH.

Takum 06pa3om, COBOKYITHOCTb MOJTYYEHHBIX JaHHBIX:

« YBETMUCHUE Beca TEeYeHHU (OCHOBHOTO KpPOBETBOPHOTO OpraHa TPUTOHOB) M YHCIA
KPOBETBOPHBIX KJIETOK B HEH;

o TIPAKTUYECKU TIOJTHAS HOPMAIIM3allHsl KIIETOYHOTO COCTaBa nepudepuueckoil KpoBH;

« TIOSIBJICHUE B MEUEHU 0YaroB, cojepxarux HeaudpepeHnnpoBaHHbIe KIETOK OJaCTHOTO
THUTIAa ¥ MOJIOJBIX ()OPM TPAHYIOLUTAPHOTO PSIIa;

o TIpsIMasi MPOMOPIIMOHATBHAS 3aBUCHMOCTh MEXAY /1030 BBOJAMMBIX KJIETOK JOHOpA H
YHICJIOM KPOBETBOPHBIX KJIETOK B IMEYEHU

YKa3bIBalOT, YTO MCTOYHUKOM BOCCTAaHOBJICHHS KpPOBETBOPHOW TKAaHU TPUTOHOB-
PELUITMEHTOB SIBJIAIOTCS TPAHCIIAHTUPOBAHHBIE KPOBETBOPHOE KIIETKH.

O6HapyxeHne HaMu (eHOMEHa MPSMOH MPOMOPIIMOHATBHON 3aBUCUMOCTH MEXIY 0301
TPAHCIUIAHTUPYEMBIX KPOBETBOPHBIX KJIETOK JIOHOpA U YHCIOM KPOBETBOPHBIX KIIETOK B
nevYeHu 00JyUYEeHHBIX PEeIUITHEHTOB CBUACTEIILCTBYET O KJIOHAIBHOM XapaKkTepe PeromyIIsiiiiu
KPOBETBOPHOM TKAHU Y HU3IIUX TTO3BOHOYHBIX, UTO PaHee ObLIO MOKA3aHO TOIHKO JJISI MBITIICH.
3aperucTpupoBaHHOE HAMU BOCCTAHOBJIEHHE KPOBETBOPHOW TKaHU Y OOJyYEHHBIX TPUTOHOB
MOCJI€ TPAHCIUIAHTALUU JTOHOPCKUX KIJIETOK IEMOHCTPUPYET MPUHIMIHAIBHYIO BO3MOKHOCTb
KOJIMYECTBEHHOTO aHaJIN3a KJIOHOT€HHBIX KJIETOK TPUTOHOB.
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O0ocHOBaHME IKCIIEPUMEHTOB.

Panee namu comectHo ¢ UMBII PAH Obi10 poBeieHO 9 3KCIIEPUMEHTOB 1O U3yUYSHHIO
BIMSIHUA QakTOpoB Kocmuueckoro nojera (KII) Ha pereneparuto opraHoB U TKaHEH Y HU3IINX
MO3BOHOYHBIX JKMBOTHBIX. B pesymprare, Temepp MbI pacronaraeM HHQOpManuei,
CBU/IETEJILCTBYIONLIEH 0 TOM, yTO ycsioBus KII He yrHeTaroT pereHepaluoHHble TOTEHIIUN 3TUX
JKUBOTHBIX, 4, HAllPOTUB, OKa3bIBalOT CTUMYJIMPYIOIEE BO3AECHCTBHE HAa BOCCTAHOBJICHUE.
bbula n3yueHa pereHepanus XxpycTajluka U CeTYaTKH IJ1a3a, IepeJHEN KOHEYHOCTH U OTIEIBHO
MBIIII] ¥ KOCTH, TKaHEH XBOCTa, U B TOM YHCJIE€ MIO3BOHOYHMKA U CIMHHOTO Mo3ra. Oka3anocs,
4YTO pereHepanysl MEpPeunuciIeHHbIX TKaHed u opraHoB B ycnoBusax KII ocymectBisercs
osicTpee, 3 dexTuBHEE U OOJIee CHHXPOHHO 1O cpaBHEHHIO ¢ 1 "g" KoHTpoisiMu. BeisicHeHo,
YTO B OCHOBE TAKOT'O YCKOPEHUS JISKUT yBETUUEHUE MPOon(epaTUBHON aKTUBHOCTHU KIIETOK.
[Ipu 3TOM yCKOpeHHBIM BXOA B S-(pa3y KJIETOYHOIO ILHMKJIa OTMEYAeTCs HE TOJIBKO JUIs
HEINOCPEACTBEHHO YYaCTBYIOUIMX B pPEreHepaluy KIETOK, HO U MEIUICHHO LMKJIHPYIOIINX
KJIETOK, MPSIMO HE CBA3aHHBIX C BOCCTAHOBJIEHUEM YTPAu€HHBIX OpraHoB. CTUMYIUPYIOLIUI
pererepanuio 3¢dext, okaspiBaeMblil KII, oka3zancs mpoAoKUTENbHBIM U BBISBISUICS HE
TosbKo cpasy nocie KI1, Ho u 3nauntensHoe Bpems ciycts (Mitashov et al., 1987, 1990, 1994;
1996; I'puropsia u 1p., 1992; TyukoBa u np., 1994; bpymnunckas u ap., 1994,1997). Ognaxo
B CBSI3U C OTCYTCTBHUEM JIOCTYIA K *KUBOTHBIM BO BpeMs KII Ha GuocnyTHHKaX, HHPOpMaIIHs
00 M3MEHEHMSX TMyla MNpoIU(PEepUPYIOMUX KIETOK pa3iUYHBIX TKaHed TPUTOHOB
HEINOCPEJCTBEHHO BO BpeMs IOJIeTa JI0 CUX IOp He MojydyeHa. Takke He pa3zpaboTaHbl
MOAXO/Jbl,  IO3BOJISIIOIIME  OCYHIECTBIIATH  IIOCTOSHHOE  BBEIACHHE  MAapKHUPYIOIIUX
npoiudepupyromnme KieTky Bemects Bo BpeMs KII.

[Tocne Toro, kak OblT OOHAPYKEH U U3YYEH CBSI3aHHBIN ¢ MUKPO-«2» (DEHOMEH YBEIMUYCHUS
CKOPOCTH pereHepanuy 3a CUeT YBEJIWYEHHUS KJIETOYHOW Mpojudepaluy CTalo HaCYIIHBIM
HayyHOe OOBSICHEHHE JTOrO sBJIEHHMS. bBbUIM  BBIABUHYTHl  pa3jiMyHble THIOTE3bI
OMOCPEIOBAHHOTO OpPraHM3MOM TPUTOHA BIMSHHUS HHU3KHX BEJIMYMH TPaBUTALUMA Ha
perenepanuio (Mitashov et al., 1996; bpyunummnckas u ap., 1997; Grigoryan et al., 2004).
[TapanmienbHO MBI IBITATHCH J1aTh OOBSCHEHUS U3MEHEHHSIM, MPOUCXOIAUINM Ha KIETOUHOM
YPOBHE, CpEIH KOTOPBIX OBUIM OCOOEHHOCTH SKCIIPECCHU POCTOBBIX (DAaKTOPOB M UX
PELeNnTOPOB, a TAKKEe MHAYLHUPOBAHHBIA H3MEHEHHSIMH TI'PAaBUTALMOHHOTO BEKTOpa CUHTE3
OTIpeNieIeHHOTo crenupuueckoro Habopa 0enkoB reHepanu3oBaHHoro crpecca (Grigoryan et
al., 1998; 2000).

C npyroit cTopoHsl B abOpaTOpUH HakarMBaJlach MHPOpPMAaLUs O HEKOTOPHIX T'eHax,



YYacTBYIOUIMX B PETYJALMHM TPAHCKPUIILUU B Pa3BUTHUM M PEr€HEpallMM TKaHEH IJasa,
KOHEYHOCTH U XBocTa y TpuToHa (Mitashov et al., 1992; Kazanckas u np., 1995; MapkuranTtoBa
u ap., 1997; 2003; Makapee u ap., 2002). B ycnoBusax 1 "g" meromamu MoJeKyIspHOM
Ouosnorun ObUTH OOHApPYKEHbI U3MEHEHUS! aKTUBHOCTH PETYJSTOPHBIX M€HOB ceMelcTB Pax,
Prox, Six u MeTo10M THOpUAN3AIUY in Situ JTIOKaTU30BaHa MX dKcIpeccus in situ (MakapbeB u
ap., 2002; MapkurantoBa u ap., 2003). Ilpeamonaraercsi, 4To 3TH PEryJISTOPHBIC TEHBI,
HaxoJdIlMecs B Hayaje Kackaja T€HOB, SKCIPECCUPYIOIIUXCA B XOJA€ pEreHepaluu,
KOHTPOJIUPYIOT NMOJYMHEHHBIE UM, 3aBUCUMBbIE I'eHbl. YTO K€ KacaeTcsi U3MEHEHUIl I'€HHON
JKCIIPECCUU BO BpEeMs pereHepanyu y TPUTOHOB, Haxoasammxcs oy BiausaueM MHKpo-«g» B
KII, To Takux AaHHBIX MOKa BOBCE HET, U JAHHBIA MPOEKT MPEANOJaraeT MoJIy4YeHUe MepBbIX
TaKUX CBEJICHUM.

[Tonxonsl u meToabl. B monere cnytHuka @oton M2 B 2005T. MBI IUIAHUPYEM ITPOBECTU
MCCJIEJOBAHMSI 110 U3YUEHUIO IKCIIPECCUU PETYIISATOPHBIX T'€HOB IIPU pEreHepaluu XpycTajluKa
U XBOCTa Y TpPUTOHOB 1niociie 3aBepuienus KII. OnnuM u3 Haubosee ajeKBaTHBIX MOAXO0I0B JUIs
obmeit omenku d¢dekroB neicTBus (paktopoB KII Ha 3KCHpeccuio TeHOB SBISCTCS
ucnonb3zoBanue JIHK-uumnoB, no3BOJSIOMNX OLEHUTh NEPECTPOUKY IKCIPECCHH JTIOCTATOUYHO
00JIBIIOrO YKcia FeHOB, OJJHAKO 3TOT MOJIX0/ MOXKET OBITh peaI30BaH MPHU JOMOTHUTEILHOM,
3HAYUTENbHOM (UHAHCHpOBaHMM. B  OTCYyTCTBMM TakoOBOTO OyIyT HCIIOJIb30BAHbI
tpagunronHbie pueMsl (ITLP u ruGpuansanus in situ) u umeromuecs 300161 (PHK-1ipo0sr)
JUISl aHAJIM3a TOJIBKO HECKOJIBKUX, IEPEYMCIICHHBIX BBIILIE F€HOB.

[ToMuMO MOJNEKYISPHBIX TOAXOMOB OyIyT WCIONB30BaHbl HMMYHOLIUTOXMMHYECKHUE
METO/Ibl UCCJIEIOBAHMS C MCIOJIb30BaHUEM aHTUTEN. B mepByro ouepenpb - s onpeaeiaeHus
IpOoaU(EpaTUBHON aKTUBHOCTH KJIETOK. OTO - aHTUTENAa MPOTUB SJEPHOIO aHTUIEHA
nposinpepupyronmx kiaetok (PCNA) u npotuB Bkiroyaromerocst B cuHresupyemyro JTHK
1oCJ€ BBEIEHHUS aHajora THUMHUAWMHA - Opomoneokcuypuaumna (BrdU). B orHomenun
nocienHero npeamectseHHuka cuure3a JJHK cTout 3anava pa3paboTku criocoda mocTOSHHON
nocraBk BrdU ¢ nomonibio MUKpO-TIOMITBI, TOMELIEHHOW BHYTPUOPIOIMHHO B TEJIO TPUTOHA.
MMMYyHOLMTOXMMHYECKH JJOJDKHA OBITh N3yueHa SKCIPECCUS] HEKOTOPBIX POCTOBBIX (PaKTOPOB
U UX penentopos. B cBs3u ¢ 3tum B 2004 rory He00X0 MO ObUIO MPOTECTUPOBATH YKa3aHHbBIE
MOJIEKYJISIpHbIE M MMMYHOIIUTOXUMHYECKHE METOJIbl U TMPOBEPUTHh UX APPEKTUBHOCTH. B
JOTIOJNIETHBIN ~ mepuoJ  HeoOXoAumMo  ObUIO  TakXke  IPOBECTH  JOMOJHUTEIbHBIE
DKCIEPUMEHTAJIbHBIE MCCIIEOBAHUS II0 OINPEAEICHUI0 4YMCIIa >KMBOTHBIX, MOMENIAEMBIX B
06m000KC /It yCTaHOBKK Ha 00pT POTOH M-2 U OLEHUTH COCTOSIHHE W JKU3HECITOCOOHOCTh
ONEPUPOBAHHBIX M HOPMAJIBHBIX TPUTOHOB ©0€3 MUTAaHHWS B OrPAHUYEHHOM TEMHOM
IPOCTpaHCTBE OHOOOKCA.

Hcxons u3 mocTaBleHHBIX Lieield paboThl - U3yUeHHs YPOBHs KJIETOYHOM Mpoiudepauu
TKaHEe! TPUTOHOB HerocpeacTBeHHO BO BpeMs KII n monekynsapHbIx Mmexann3MoB BinstHUS KII
Ha KJIETOUHYIO MPOoJu(EpaIfio U CKOPOCTh pereHepaliy XpycTajaiuKka U XBOCTa y TPUTOHOB -
Ha 2004 r. 611K CHOPMYITUPOBAHBI CISAYIONINE 3a/1a4H.

1) TectupoBaHue psifa panee pa3padOTaHHBIX MOJIENICH pereHepaluy TKaHei ri1asa u XBocra
y TPUTOHOB B yCIOBHsIX Onu3kux HeKOTOpbIM ycioBusiM KII. IToctaHOBKA SKCIIEpUMEHTOB Ha
BBIOPAHHBIX MOJIEIISIX PETCHEPALINH, YTBEPKACHUE IO pe3yIbTaTaM J1a0opaTOPHbIX UCIIBITAHUN
ONTUMAJIBHOTO (JI1 TOJIeTa M TOCIEAYIOUIEr0 aHaiu3a) KOJIMYECTBAa JKUBOTHBIX U HX
napaMmeTpos (Bec, BO3pacT, pa3mep).

2) JanbHeimas pa3paboTka B JIaOOpAaTOPUU METOJIOB M IMOJIXOJOB IS MOJICKYJISIPHOTO
aHaJIM3a SKCIPECCUU psijia TeHOB (pax, Prox, six), OTBETCTBEHHBIX 3a PEreHEpaluio TKaHeH y
TpUTOHOB. [lomonHUTENbHOE PAa3BUTHE U MOAM(HUKAIMS UMMYHOXUMUYECKUX METOJOB JJIs
OTIpeIeNIeHus SKCIIPECCUU MapkepoB mponrdepatuBHoi akTuBHOCTH Ki1eTok (PCNA, BrdU), a
TaK)Ke psAJia POCTOBBIX (PAKTOPOB M MX PELENTOPOB HAa MOJIENSIX PEreHepaluy XpycTaauka u
XBOCTa y TPUTOHA.

3) BbIicHeHHE  JKM3HECIIOCOOHOCTM W KayecTBa  JKMU3HH  TPUTOHOB  IOCHE
BHYTPUOPIOIIMHHOTO BBEACHUS MHKPO-TIOMI (HOCUTENEH sl JUIMTENbHOM M MOCTEIIEHHOM



JIOCTaBKM BHYTPb JKMBOTHBIX BEIIECTB B HYKHBIX [103aX) M COJEpP’KaHUS B >KMBOTHBIX B
o6uobokce.

g pewenus nocraBieHHbIX 3a1a4 B 2004 r. Mbl IIPOBENU HECKOJIBKO SKCIIEPUMEHTOB,
IPOTOKOJIBI U IIPEABAPUTEIbHbBIE PE3YIbTATHI KOTOPBIX IPUBEACHBI HUXKE.

ITporoxon 1. Ilpoepka CXO nnst TtpuroHoB B mpexnosnaraemoM B 2005 r. mosere.
JlonOJTHUTENbHBIN aHATIM3 HEKOTOPhIX MOJIEIEeH pereHepanuu (CpoKH MpOBEACHUs Ollepaluii,
CKOPOCTb pEreHepaluy, CpPOKU IPOXOKIEHUS CTaauil, XapaKTEpPU3YIOIIUXCS BBICOKON
nposin(epaTuBHON aKTUBHOCTBIO KJIETOK).

B akBapuanbHoii IBP B3sTHI B3pOCIible MOJIOBO3pENbIe, UIIIUCThIE TPUTOHBI Pleurodeles
waltl B Bo3pacte 1.5 roma. Jlnuna tputoHOB coctaBiusuia 154 mm. Cpemnuit Bec 12.7 Tp.
JKuBoTHBIE OBUIM HOPMAJIBHOTO BHJA M aKTUBHOCTH, HE MMEIOIIME AaHOMAJU pa3BUTHS H
Ipyrux HapymeHui, Bcero 20 mrTyk. JKMBOTHBIE Ha CYTKHM OBUIM TOMEIIEHBI B OOBIYHBIN
aKBapuyM B J1abopaTopud MpH KOMHATHOH Temmeparype. Ha cienyromuit aens 15 uz 20
YKMBOTHBIX OBUIH HAPKOTH3UPOBaHbI B MS-222 Ha du3. pactBope ais amdpubduii (0,65% NacCl).
[Tocne anacTe3um >KUBOTHBIC OBUTH ONEPUPOBAHBI - MPOU3BEICHBI YAAJCHHUE XPYCTaJHKa,
ammyTanus o0eux IepeJHUX KOHEYHOCTEH Ha ypoBHE Mpearnseubs (BOJM3M CycTaBa) U
ammyTtrpoBaHa 1/3 xBocta. (Omepanuu Ha KOHEYHOCTH HPOBOIMIIMCH JOTIOJHUTEIBHO JUIS
CO3J1aHMs 3aBe0MO OOJbllIel HArpy3KH Ha OpraHu3M TPUTOHOB, 4eM npenanoinaraercs B KII).
B xoH1e 1HS OnepuUpOBAaHHbBIE U UHTAKTHBIE KUBOTHBIE IOMEILEHBI B aKBapUyM JUIsl 7-MU JH
BOCCTaHOBJEHU M pereHepanuu. Jlamee xuBoTHele B koiuuectBe 20 mTyk (15
ONEPUPOBAHHBIX U 5 MHTAKTHBIX) ObUIM mepeHeceHbl B KoHTeiHep «Tputon». KouteitHep,
OCHAIIIEHHBIN CIIeUabHBIM IOJIMYPETAaHOBBIM MaTpacoM, KyJa Obuto jnobaBieHo 700 mi
OTCTOWHOM BOJIBI, OBUT MOMENICH B TEMHOTY, B mKad mpu t = 20-23°C. Cpok skcrno3unmu - 18
JIHeH - B JaHHBIX YCJIOBMSIX ObLI BbIOpaH M3 pacuera - mpearnosaraemsie 16 aueit nonera + 2
JHS TPaHCHOPTUPOBKM M YCTAHOBKM Ha OopTy 10 crapra. MakpOCKONMYECKOE H3yueHUue
COCTOSIHUS pEreHepaliy XpyCTaIuKa, IEPEAHUX KOHEUYHOCTEN U XBOCTA MEpe NOMEIEHUEM
JKUBOTHBIX B KOHTEHEp mokazano Hanmuuue | - Il cragmii pereHepanuu, TO €CTh NEpUOAA
3QKUBJICHUS paHbl, MHUIMaNUU nponudepaunu u nenudpdepenupoBku. Cryers 18 mHei
KOHTEIHEep ¢ 3KCIepUMEHTaIbHBIMU TPUTOHAMH ObLT BCKPBIT. CpenHuii Bec Bcex 20-TH KUBBIX
TPUTOHOB cOCTaBUJI - 12.1 r. 3aTeM TPUTOHOB NMOMELIAIN B OTCaJHUK (OOBIYHBIN aKBapuyM) U
cojiepxanu B jJabopaTopuu MpU KOMHATHOW TeMmriepaType u ocBemnieHuu (14 gacos cser, 10
yacoB TeMHOTa). CpenHuil pasmep pereHepata xsocta coctasuia 0,39 mm (ot 0,2 10 0,5 Mm).
Craguu pereHepanuu XBOCTa, ONpeleNeHHble Makpockonudecku, Obutn I1-111, a mepegnux
koHeuHocTtel - |-11. [Tocie ocMoTpa, Ha BTOpO# JIeHb MOCIIe BCKPBITUS KOHTEHHEpa 5 TpUTOHAM
C PpEreHepUpyOLUMMU KOHEYHOCTAMHU M XBOCTOM ObLI HMHBELUUPOBAH aHAJIOT TUMHAMHA,
npenmectBeHHUuK cuHTe3a JJHK - 6pomoneoxcuypunun (BrdU, Sigma) nist nmocnemyromiero
UMMYyHOXUMHUYecKoro aHanu3a BrdU-mo3uTuBHBIX, T.€. NOpoinu(epupyroumx KiIeToK.
WNuvekunn BrdU Obuin cpenmaHbl BaXIbl ¢ WHTEpBAJIOM B 3 Yaca MCXOAS U3 BPEMEHHU
HUPKYJSUU aHaJlora HyKJIeoTHaa B KpoBU TpuToHa. J{o3bl cocraBuiu (2 x 0,1 M pactBopa
BrdU na ¢pusunonorunyeckom pacteope st ampuomii 0.65% NaCl), yto 3naunt 2 x 0,01 r BrdU.
B kauectBe 00pasnoB A MMMYHOLIMTOXMMHMUYECKOTO HCCIEIOBaHUs Nponudepanuu y
TPUTOHOB TIOCJIE HAPKOTU3ALMU OBLIM B3SThl HOPMaJlibHBbIE U pereHepupyromue riasa (10),
pereHeparbl nepeaHux koHewyHoctedl (10) um pereneparsl xBocta (5). Bce oOpasisl
¢ukcupoBansl B 4% pactBope ¢opmanmHa Ha Oydepe (PBS 0.1 M; pH 7,4). 3arem
¢bukcrpoBaHHBIN MaTepual ObUT 3aMOpPO’KEH B JKHUJIKOM a30Te€ U ocTaBieH npu - 50°C mns
JabHEeUIen 00paboTKH (pe3ku U MMM YHOIIUTOXUMHUYECKHX peaxkuui).
NMMyHOITMTOXMUYECKHIT aHalM3 Ha JaHHOM Marepuaie OyneT MPOBEICH cpa3y Iocie
nonyueHusi cBexxux anturen npotuB BrdU, PCNA, FGF, FGFR. [lapamnensuo
MOJTOTOBJICHHBIE 3aMOPOXKEHHbIE O00pa3lbl HOPMAaJbHBIX U PETEHEPUPYIOLIUX TKaHEH
HKCIIOHUPOBAHHBIX B OHWOOOKCE TPUTOHOB OyAyT HCIIONB30BAaHBI W Ui OMNpECIICHUS
JIOKAJIU3aIMH SKCIIPECCUH TeHOB (TIPH HATMYUU 30H0B, Mpoo cooTBeTcTBYIONMX PHK).

[Tpotokon 2. [IpenBapuTenbHBIA OMBIT AJISL ONpEesieHUs] pabounx 103 MHBEIMPYEMOTO



opomaeokcuypuanna (BrdU) st mocnemyromnero MMMyHOIIMTOXUMHYECKOTO HCCIEIOBAHUS
npoiudepannu KJIETOK I1a3a TPUTOHOB. Bbljio perieHo anaan3upoBaTh TKaHH TJ1a3a (POrOBUILY
U pagykKy) NockosbKy B skcrepumente B KII mpeanonaraercst Ucrosib30BaHME MOJAETH
pereHepalnuyu XpycTajliika W3 KJIETOK pafayxkd. bbuin onepupoBanbl 4 TpUTOHA!
MHUKPOXHUPYPTHUECKU OBbLI MPOM3BEIEH Pa3pe3 POrOBUIBI M YAAJICH XPYCTAIUK U3 000X IJia3
tputoHoB PL waltl. Criycts 14 nreit mocie oneparuu (Ha 15-i neHp) 4 TpuToHaM OB BBEJIEH
npemmectBeHHuk cunte3a JIHK - 6pomoaeoxcuypunun (BrdU, Sigma). /{o3a BBOmmmoro
npenuiectBeHHuka (1 Mr Ha ogHOro TpuToHa BecoM 20 I') COOTBETCTBOBAJIA IPUMEHIEMON Ha
OecxBocThix ampubusax (xkadber Bufo arenarum) (Gagliardino et al., 1993). BrdU,
pPacTBOPEHHBI B CTEPUIIBHOM (u3mosorndeckoM pactBope mias ampubmii (0,65% NacCl),
BBOAWIH BHYTpUOpromuHHO (0,1 M p-pa), 1BaXkbl ¢ HHTEpBAIOM B 24 yaca. Takke nenanuch
MOMBITKA HMHBEUUPOBATH IMPEAIISCTBEHHUK B MOJIOCTh TIJlaza (4Yepe3 pa3pe3 B pPOTOBHUIIE,
C/IETAaHHBIA TPU ONEpalMy MO YAAICHUIO XPYCTajdWKa) ¢ moMompio mmpuna Hamilton.
[TomyuenHas 103a UHBEIUPOBAHHOTO PACTBOPA B KOHEYHOM CUETE COCTaBHIIA 2-2,5 MI' Ha OZHO
#uBoTHOe. CmycTss 3 daca mocie MocieIHed HHBEKUUU IJ1a3a ObUIM HM30JIMPOBAHBI U
nomenieHsl B pactBop 4% dopmanuna Ha Oydepe (0,1M PBS). Bpems duxcanum rna3
cocraBmiio 24 vaca npu 4°C. 3arem 00pa3ubl ObUTH OTMBITHL Oy(depoM B T€UEHHE HOYM MPU
4°C, mpomuTtansl B pactBope 5% caxaposbl Ha Oydepe (3x10 mun) u 20% pactBope caxaposbl
(overnight), mocie gero 3amoposkeHsl B cpezie Jung embedding medium (Vector) ¢ moMoInbro
norpyxeHusi 6;10koB B xkuaAkuil a30t (20 cex). YacTp 010k0B ObliIa Ope3aHa Ha KPUOTOME Ha
cpesbl (8-10 MKkM), KOTOpBIE 3aTeM OBLIM HAaKJIEEHBI Ha CTeKja Super-Frost u ocTaBieHbl B
xonmonwibHuke — mpu  -4°C.  VIMMyHOXMMHYECKass ~ peakiuss A7 BBISIBJICHUSA
OpOMOJICOKCUYpUIMHA TpU BKIIOYEHUM €ro B cuHTe3upyemble Mousekyiasl JHK mpu
npoiudepalnud KIETOK POTOBHUIIBI MPOBOAMIACH MO CTaHAAPTHOMY IMPOTOKOIY HEMpSMOi
uMMyHO(dIyopeciieHinn Ha cpe3ax. Mcmomb3oBanmu mnepBuYHbIE aHTHTENa NpoTuB BrdU
(Sigma) B paszsenenun 1:500. B xadyecTBe BTOPBIX aHTUTEN NpUMeHsIM MbluuHbINH FITC-
KOHBIOTUPOBAHHBIN UMMYHOTJIOOYIWH B pazBeaeHuu 1:50. Ilocne mHKyOaImu U OTMBIBAHUMA
cpe3bl ObUTM 3aKIIIOYEHBI 101 MOKPOBHBIE CTeksa B cpeny Vectashield. Ananus npenapaToB
CpE30B TIJIa3 MOCJe pa3pe3a POroBHIBI U YIAJIEHUS XpYyCTalMKa MPOBOAWICA C MOMOIIbIO
MuKpockona  Olimpus, KOMIBIOTEpHONH NPUCTABKH, OCHALICHHOM  HEOOXOAWMBIMU
IPOrPaMMHBIMH MTPOJIYKTaMH JUIsl PETUCTPALMU U COXPaHEHUS N300paKeHU.

[TpensaputensHast peructpaiuss BrdU-monoxuTenbHBIX KJIETOK IOKa3zaida Haluyue
OTJIEbHBIX, PEAKHUX SIIEP B CTPOME U SIUTEINN POTOBUIIbI, UMEIOIINX HEBBICOKHM IUCIIEPCHBIN
XapakTep crneru@puueckoro okpamBanus. bbuin BeIBIEHBI crielipryecKy OKpaleHHbIE spa
KJIETOK U B 000JI0UKax 3a7Hel cteHku ria3a. Equnnunsie BrdU+ knetku peructpupoBanuch u
B LWIMApHOM 30HE paxyKku. Pe3ynpTaThl mOKa3ajlu, YTO MO BCEH BEPOSTHOCTU
UCIOJb30BaHHBIX /103  JOCTAaTOYHO JUId  I[OJIy4€HHsS CUTHajJa -  OKpallluBaHUA
nposnnpepupyrommx kinetok. OpHako Juis  Oosbliel  yBEPEeHHOCTH JI03bI BBOAMMOTO
IpeIIIeCTBCHHUKA MOTYT OBITh YBEJIMYEHBI, PABHO KaK M KOHICHTpAIHs mepBbix anTH-BrdU
anTuTen. JIOMKHBI OBITh IOCTABJECHbI B JajbHEWUIIEM HMMYHOXMMHYECKHE pEaKLUu C
HCIIOJIb30BaHUEM IIPENapaToB HE TOJIbKO IJIa3a, HO M pereHepaToB XBocTa. [Ipeamnomnaraercs
takxe npumeHenue kak FITC, rak u HRP- okpammBanus BTopuyHbIMU aHTUTENaMu. PaboTa
JMOJDKHA OBITh  TIPOJIOJDKEHA OCeHbplo - 3uMod 2004 T. Ha CBEXENPUTOTOBIECHHBIX
3aMOPOYKEHHBIX CPE3axX PEreHEepaToB.

[TpoTokon 3. DKCIIEPUMEHT 10 MPOBEPKE KUZHECTIOCOOHOCTH TPUTOHOB TIOCIIE TTOCA/IKHU B
TEJIO KUBOTHBIX TJIACTUKOBOM MOMIIBI (KAICYJIbI-HOCUTES ) ISl TIOCTOSIHHOM JOCTaBKH BHYTPb
OpraHM3Ma BEIeCTB B TEUEHHUE JJIUTENbHOTO BpeMeHU (16-Tu aHEBHOro mojeta). BasTbl
MOJIOBO3pETbIe TPUTOHHKI (Bcero 9), kotopbiM nocie anactesun (MS 222, 1:1000) 6b11 cnenan
HEOOJIBIIION pa3pe3 KOXH COOKy, Ha MPaBOl CTOpOHE Tella OKOJIO 3aJHeld KOHEYHOCTH. B
paspe3, IPUIOIHAB KOXY, aKKypaTHO BBOAWJIM TJIa3HOW CKaJbIleldb THUIBHOM CTOPOHOM U
NPOJBUTANIM €r0 B MOJOCTH Tela MPUMEPHO A0 CEpPeAMHbI. 3aTeM B pa3pe3 BCTABIISIU
3aKpBITYI0 HOCHUTENEM mommy (micro-osmotic pump, model 1002, Alzet) u npoasuranu ee



KayJanbHee, OJKe K rojose. Paspes He 3aimBany, Tak Kak NpeiBapuTeIbHO OBLIO BHISICHEHO,
YTO OH OBICTPO CTATMBAETCS M 3aKpbIBaeTCs. BHyTpeHHHE OpraHbl OCTaBajIlCh Ha MECTE U HE
ObUIM BUJHBI B IPOCBETE B MECTE pa3pesa. Takum crnocoOoM ObLIH ONEepupOBaHbl 9 TPUTOHOB
(1 »xuBoTHOE - ofHa Kamcyna). Jlamee TpUTOHBI ObUIM MEpEeBEEHbl B YCIOBHs KOHTEHHepa
«TpHUTOHY, - TE KE YCIOBUS COACPHKAHMS, UYTO YKA3aHbI B IPOTOKOJIE 1. ['epMETUYHO 3aKpbITHIN
KOHTEHHep ObUI MOMELIEH B TEMHOTY LIKada, Ile HaXOAWJCS B TeyeHHe 1-ro mecsna B
YCIIOBUSIX OTHOCUTEIBHO BBICOKOH (JIeTHEH) Temnepatypsl (25-27 °C). IlepBsiii ocMOTp 1mociie
9KCIO3MLIMU [TOKa3all, 4To 3 TpUTOHA U3 9 morn6su. Bee BBKUBILINE )KUBOTHBIE M3MEHUIIN LIBET
KO>KHOTO TTOKPOBA - cTaiu cBetiiee. OOBIYHO 3TO CBHJETEIBCTBYET 00 YXYALICHUN COCTOSTHUS
TpUTOHOB. OO 3TOM € CBHUIECTEIbCTBOBAIN UX MAJIONOABHIKHOCTh, claOble peakUHUu Ha
3BYKOBOW MJIM CBETOBOW pa3ApakuTeNd. Tpu TPUTOHA U3 IIECTH JKUBBIX OBUIM B TOT K€ JICHb
HApKOTU3UPOBaHbI B pacTBope MS 222 u BCKpBITHI - MOPOU3BEACH pa3pe3 TJla3HbIMU
HOXXHHUIIAMU BJOJIb OpIOLIHOM TOJOCTH KHBOTHOTO. IIpuM BCKPHITMM TOJOCTH Tela U
pacrioylararoliyecs TaM Opraibl BBITJISIEIM HOPMAJIbHO, HE OBUIO JIMILIHEH BIark Wi KpOBH,
KaricyJibl CBOOOHO M30JIMpOBalid NUHLIETOM. He HaOntoaanym HU HapocTa HAa CTEHKM Karicyll,
HU «CPAacTaHUSA» UX C OKPYKAIOIIMMHU TKaHAMU. Bce TPUTOHBI 3TOro 3KCHEpUMEHTa ObUIN
¢dukcupoBansl nearkoM B 10% pactBope hopMannHa, TS MOCIEAYIOMEr0 THCTOIOTHYECKOTO
UCCJIEI0BaHUsI BHYTPEHHUX OPraHoOB.

3axmtouenue. [Tposenennsie 3a 6 mecsaues 2004 roga npeaBapUTEIbHbIE UCCIEI0BAHUS 110
npoekTy «PereHepanys» MO3BOJSIOT HaM MPUMEHUTb PsAJ HOBBIX METOAOB U MOJXOAOB B
wianupyemoM B 2005 r. skcniepuMenTe Ha 6opTy cnyrHuka @oton M-2. IlpensapurenbHbie
SKCHEPUMEHTHI O3BOJISIOT IPOBECTH MCCIIEOBAHNUS 110 U3YUEHHIO HKCIPECCHU PEryJIATOPHBIX
TEHOB IIPU pereHepaluy XpycTajluKa U XBOCTa y TpUTOHOB nocie 3aBepiienus KII. Oqnum u3
HanOoJiee aJeKBaTHBIX MOAXO0A0B 1 oOmiei orneHku dddexroB aeiictBus dakropos KII Ha
AKCIPECCUIO TEHOB sBIAETCS Hcnosnb3oBaHue JHK-uumoB, MO3BONSIIOIIMX —OLICHUTH
NEePECTPONKY IKCIPECCUU JAOCTATOUHO OOJBIIOrO YKCIa F€HOB, OJJHAKO ATOT MOAXOJ MOXKET
OBITh peain30BaH NpPH JOIMOJHUTEIBHOM, 3HAYUTEIbHOM (UHAHCHUpPOBaHUHU. B oTcyTCTBUUM
TAKOBOT'O OyIyT MCHOJb30BaHbl TpaauuuoHHble mpuemsl (ITHP u rubpunmzamus in situ) u
umeronecs 308161 (PHK-poObI) 11st aHanm3a TOIbKO HECKOJBKUX, MEPEYUCICHHBIX BBIIIE
reHoB. B XoJe mNpoBeJEHHBIX OIBITOB COOpaH TakXke MaTepual s I[POBEICHUS
MMMYHOXHUMHUYECKUX PEaKUUN IO BBISBICHUIO 3KCIPECCUU POCTOBBIX (PAKTOPOB U CTpECC
0EIIKOB.

OmnpeneneHbl CpOKU OmNepauuil Ui MHAYKIMU pPEereHepaluy XpycTaluka U KOHEYHOCTH,
YHCIIO0 U BO3PACT KUBOTHBIX (CM. IPOTOKOJI1), a TakKe yCIOBUS COJEpKAaHUA 10, B TEUEHHUE U
nocie  mojera.  BbIACHEHBI  NpeaBapUTEIbHO  HEOOXOAMMBbIE  J103bI  BBOJMMOIO
BHYTPUOPIOIIMHHO M intraoculi mpeaiIecTBEHHHWKA Ui MMMYHOXMMHUYECKOTO aHalln3a
kierounoi nponudepanun (BrdU assay) no u mocne KII.

BbrsicHeHO, 4TO B TeueHHE MJIUTEIBHOrO cpoka (Ooiyble Mecsla) TPUTOHBI MOTYT
NePEKUBATh B KECTKUX YCIOBUAX KOHTeHHepa « TpUTOH» MpH MOACaXEHHBIX B TEI0 MHUKpPO-
noMn  (Karncynax-HOCHUTENsX  JUIsl  TOCTENEHHOM  jJocTaBku  BemiecTB).  OmHako
HEeOJaronpusITHbIE BO3JCHCTBUS JaHHBIX BHEIIHETO U BHYTpPEHHEro (akTopoB MOTYT B
OTJENIBHBIX CITy4yasX MPUBOJUTH K TMOEN U B OOJBIIMHCTBE CIyyaeB K YTHETECHHIO 37J0POBbS
Y aKTHBHOCTH YKHBOTHBIX.

JanpHeimas pabota, npenBapsitomas mojeTHblil sxcnepuMeHT 2005 roga MoXeT ObITH
YCIEIIHO MPOBEIEHA NPU YCIOBUHM MOIYYEHHS psAa HEOOXOAMMBIX PEaKTHUBOB, CIIHCOK
KOTOPBIX IPUJIAraeTcs K OTUETY.

PykoBoauTens: 3aB.J1a0., 1.0.H., MuTamos B.1.
OTBETCTBEHHBIN UCTIOJTHUTEID! 1.06.1. I'puropsia 2.H.

IINTAH IPOBEJEHHUSA OKCIIEPUMEHTOB 110 ITPOEKTY
"®OTOH"-M-2

1. HASBAHUE OKCIIEPUMEHTA: "PETEHEPALINA-F2



MonekyaspHO-0HO0IOrHYeckoe U LUTOXMMHUYECKOE HCCIIEOBAaHUE BIUSHUS (DaKTOPOB
KOCMHUYECKOI'0 M0JIeTa Ha PEreHepaluio y HU3MINX MO3BOHOYHBIX

2. OTBETCTBEHHBIM NCIIOJHUTEJIb:

Ot Poccum: I-p Bukrtop MBanoBuu MwurtamoB, MHCTUTYT OHOJIOTHHM pa3BUTHSA WM.
H.K.Konbenosa, PAH

Ot CHIA: [I-p Dnyapno Anmeiina, Ditmcckuii uccienoBatenbckuid mentp (OUIL) HACA

3. COUCIOJIHUTEJIA:

Ot Poccun: [I-p Oneonopa HukonaeBna I'puropsiH, MHCTUTYT OHMOJIOTHH Pa3BUTHUS HM.
H.K.Konbenosa, PAH

H-p Enena Npanona Jlomaparnikas, Muctutyr Omonoruu passutus um. H.K.Kombiosa,
PAH

Ot CHIA: [I-p Pyds I'moGyc, Ditmcckuii uccnenoBarenbckuit meHTp HACA

J1-p Bunona Bepkytep, Diimcckuil uccnenoBatenbekuil nentp HACA

J-p Bukrop Croink, DiiMcckuil uccnenoBarenbckuil neHtp HACA

4. OCHOBHBIE IEJIN:

Onpenenuth MOJEKYISIPHO-OMOIOTHYECKHE MEXaHU3Mbl CTUMYIUPYIOLIETO BIUSHUS
(akTOpOB KOCMHYECKOI'0 I0JIeTa Ha KJIETOUHYIO MpoJik(depaluo U pereHepaiuo OpraHoB U
TKaHel y TputoHoB Pleurodeles waltl

5. OB OCHOBAHUE/TUITIOTE3BI:

Poccuiickue crennanicTbl BBIIBUTAIOT THUIIOTE3Y O TOM, YTO T€HbI, KOJIUPYIOLIUE P
TPAHCKPHUIIIUOHHBIX (AaKTOPOB, HEKOTOPHIE POCTOBBIE (DAaKTOPHI M MX PEIENTOPHI, a TaKKe
nranepoHsl (0eJIKy reHepaTn30BaHHOTO CTPecca) UTPAIOT OMPECNICHHYIO POJIb B CTUMYJISIIUN
pereHepanuy TKaHe B yCIIOBUSX MUKPOI'PaBUTALIUH.

AMepHKaHCKHE CIEIUAIKCThl MPEeIaraloT HMCIojab30BaTh TpUTOHBI Pl waltl ¢ 1enbio
U3y4eHHsI KJIETOUYHOW Mpoiudepanuy y HHTAKTHBIX )KUBOTHBIX B YCJIOBHUAX KOCMHYECKOTO
nonera. B yCIOBUAX THIEprpaBUTAllMU KIETOYHAs Mpoiudepanus Yy MICKOMUTAOIINX
MoeT yBeanuuBaThest invitro (W. A. Vercoutere, M. Parra, C. Roden, M. DaCosta, A. Wing,
C. Damsky, E. Holton, N. Searby, R. Globus, and E. Almeida. Constant Applied Force
Stimulates Osteoblast Proliferation Via Matrix-Integrin-Signaling Pathways. Molecular
Biology of the Cell, 2003, Vol. 14, 205a-206a). 1 Ha060pOT, yMEHBIIIEHHE MACChl KOCTHOM
U MBIIIEYHOM TKAaHW B HEBECOMOCTH TIIO3BOJSET MPEINOJIOKUTh, 4YTO OTCYTCTBUE
MEXaHUYECKOM CTUMYJSIUN MOKET TNPUBECTH K CHIDKEHUIO CKOPOCTHU MpoJudepanun Kak
KIICTOK-TIPEAIIECTBEHHUKOB ~ OCTEOT€HE3a,  TaK M JIPYIMX  COMATHYECKHUX  KIETOK,
Y4YacTBYIOUIMX B pereHepanuu TkaHeil. PaOouas rumore3a aMepUKaHCKUX CIIELUAINCTOB
COCTOMT B TOM, YTO B YCJOBHSX MUKPOTPABUTALIMU CHHKAETCS CKOPOCTh Ipoiudepanuu
COMATUYECKUX KIIETOK.

KOHKpeTHBIN BOIIPOC, HA KOTOPBIM AMEPUKAHCKHUE CIIELMAIACTHI NBITAKOTCS HAWTH OTBET:
3aMeUIseT JIM HEBECOMOCTh, a TakKe JApYyrue (pakTopbl KOCMUYECKOTO MOJeTa POCT KIETOK,
OTIpeeIAIONIMI pereHepalnio pa3INuHbIX TKaHEeH OopraHu3Ma yeioBeKa, Halpumep, KOCTHOM,
MBIILIEYHOM, KJIETOK KpoBH M Ip. OTBET Ha ATOT BONPOC MMEET pelIarollee 3HAYEHUE NPHU
BbIOOpE cpeAcTB npoduinakTuku. [IprumeHeHne papMakonIoOruueckux MpernapaToB B KaueCTBE
npOo(QUTAKTUKYA YMEHBIIIEHUS MACChl KOCTHON TKaHU MOKET OBITh JTIOCTATOYHBIM JIJISl PEIICHUS
3TON MPOOJIEMBI, HO HEJb3sI UCKIIFOUUTh BEPOSTHOCTH HAPYIICHUS PET€HEPATUBHBIX CBONCTB U
npyrux Tkanei. [lpeayaraemplii SKCIIEPUMEHT MOKAXKET, BIUSET JIU MPEObIBaHNE B YCIOBHSIX
HEBECOMOCTH B Te4eHHE 16 CyTOK Ha CKOpPOCTb Mpoiudepanud COMAaTUYECKHX KIETOK Yy
TputoHoB Pl. waltl, 1 momoxeT moctaHOBKe COOTBETCTBYIOLIUX HCCIIEIOBAHUN HA YEIOBEKE.

6. [IOJIETHBIM DKCIEPUMEHT:

1. OOuiee onucanue:

« Onepanuu A5 MTHUIMALIMY pereHepaluy TKaHeH 10 mojeTa

« [ToneTHsIi KCTIEPUMEHT C UCTIOIb30BaHUEM OMOKOHTeWHepa "Tputon"

« 3a00p u pukcanust OnomaTepuaa Mmocyie MoOCaaIKH

« IMMyHOIIUTOXMMUYECKU aHATIN3 OnoMarepuana



« MonekynsipHO-OHONIOTHYecKknii aHanu3 Ouomarepuana ¢ momomipio [P u reHHBIX
METOJ0B

o [TocranoBka 0a3zanbHOTO KOHTpPOJIA - (pukcanusi oOpa3loB pereHepUpPYIOMIUX TKaHEH B
JIeHb CTapTa

o [locTaHOBKAa CHMHXPOHHOIO C IOJETHBIM 3KCIIEPUMEHTA (CHHXPOHHOIO KOHTpPOJS) B
YCIOBUSAX MPUOIMKEHHBIX K ITOJETHBIM, HO UCKIIIOYAIOIINX HEBECOMOCTh

o [TocranoBka 1a00PaTOPHOrO KOHTPOJIA - HKCHEPUMEHTA, BOCHPOHM3BOJSAIICTO MpEA- H
[IOCJICNIONIETHBIE MPOLIEAYpPhl, HO B CTAHJAPTHBIX YCJIOBHUAX COAEPXKAHMS TPHUTOHOB B
aKBapUaJIbHOM.

ITpOTOKOJI COBMECTHOI'O HKCIIEPUMEHTA IIPEyCMAaTPUBAET IPEAIIOJIETHOE BBEICHUE B BOAY,
UMEIONNylocss B KoHTelHepe "TpuToH", HYKJICOTHAHOTO aHajgora OpOM-Ie30KCHYPHIUH
(BrdU), BbIBIIEMOr0 MMMYHHBIMH METOAAMHU, U IOCIEHOJETHYIO (UKCAIMIO PA3JIUYHBIX
TKaHEW C MOCJIEAYIOIIMM OIPEACICHUEM CKOPOCTH BKJIIOYEHMSI HYKJIEOTHAA B KIETKU
ornpeneneHHbIx THNOB. BBeaenne BrdU ocymiecTBisieTcs: ¢ MOMOIBIO MUHUATIOPHON TTOMITBI,
KOTOpas

BKJIIOYAETCsl aBTOMaTuyecku mocne BbiBeneHuss KA Ha opOuty. Takas mnpouenypa
BKJTIOYCHHUS TOCTUTACTCS 3alPaBKOW TOMIIBI CJIOEM PacTBOpa, KOTOphIid conmepkut BrdU, n
CJIOEM MHEPTHOr'O Maciia, KOTOPbI obecnednT 3a7ep KKy oJjaun MapKepa Ha BeCh IepUoJl OT
YCTAaHOBKHM KOHTEWHepa ¢ KMBOTHbIMH Ha OopT KA no BeiBenenuss Ha opOuty. Ilocie
HOJy4YeHUuss Ouomarepuana MPOBOJAUTCA  ONpEJeNeHHe KJIETOUYHOW  mpoiudepanui,
MOP(OJIOTHH U TEHHOH SKCIIPECCHH B TIOJIETHBIX M KOHTPOJIBHBIX MP00ax, a TAaKkKe B KIETKAX C
JKCIpeccuen cnenupuyeckux MapKkepos.

2. TpeboBanus kK OMOOOBEKTAM:

DKCIEepUMEHTBI MPOBOIATCS ¢ Hcnonb3oBanueM 15-20 tputonor Pl. waltl o6oero mona
mmuaon 10-12 cMm 1 Becom 10 1.

3. TpeboBaHMsI K pETUCTPUPYEMBIM TaHHBIM:

Kpaiine ’xenarenpbHO MOJYYUTh TOYHBIE JaHHBIE MO TEMIEPATYPHOMY PEXHUMY, YPOBHIO
IpaBUTALUU U pajinaliiy BOJIM3K KOHTelHepa "TpuTton" B mosere.

4. TpeOoBaHMs K HAYYHOH anmaparype:

Hanuune B UBP PAH Bcex He0O6X0UMBIX IPUOOPOB U YCTAHOBOK JUISI MUKPOCKOITMYECKHUX,
MMMYHOIUTOXUMHUYECKHX U MOJIEKYJIIPHO-OMOJIOTUYECKUX HCCeoBaHU. MuUHUaTIOpHBIE
OCMOTHYECKHE MOMIBI U HEKOTOPbIE BUABI CTAHJAPTHOIO J1TaOOpaTOpHOro o0OpyIOBaHuUs, B
TOM YHUCJIE€ WHCTPYMEHTHI /Js BBbIIEICHMS TKAaHEW, a TakKe peareHTbl IOCTaBISIOTCS
aMEPUKaHCKUMU CIIELIMATUCTAMH.

5. IlpennoseTHbie NPOUETYPHI:

JKuBoTHbIe 6a3abHOTO KOHTPOJIS

« B nenb crapra - Qukcanus 6moMarepuana, BbIEICHHOT0 y 15-20 TpUTOHOB OTOOpaHHBIX
U3 o0I1IeH, MOATOTOBIEHHOH K MOJIETY TPYIIIIBI dKUBOTHBIX

« B nenp crapra - uccienoBaHuHe KJIETOYHOTO COCTaBa KPOBU M KPOBETBOPHBIX OpPraHOB
TPUTOHOB

JKuBOTHBIE ITOJIETHOM TPYTIIIBI

« [IpuMepHoO 32 2 Heenu 10 moJieTa - XMpypruueckoe yJaleHue CeTYaTKY I1a3a U XBOCTa

« YCTaHOBKAa OCMOTHYECKHX TOMII, 3allporpaMMHUpOBaHHBIX HauaTh nogauy BrdU B Bony
koHTeitHepa "TputoH" 3a 24 uaca 10 crapra. DTy NPOLENYPY BBIIOJIHSIOT POCCHICKHE
CIIELIMAINUCTEI B MOCKBe

6. IToneTHble IpoLIEAYPBHI:

Her

7. IlocnenoneTHble NPOLELYPHI:

o Qukcanmsi u o0paboTka I TOCJIEAYIONMIEr0 aHajlnh3a TOJYYCHHBIX 00pasioB
pPEreHEepUPYIOIINUX U HEONIEPUPOBAHHBIX TKAHEN

« Beigenenne MPHK 13 HekOTOpBIX TKaHEeH (TIOTIEKHUT COTIIACOBAHUIO)

« [Ipumenenue meronos I1LIP u renHoro ananusa, in situ ruOpuIM3aIN, UMMYHOLIUTO- U



rucroxumun, PCNA u BrdU sccees

« lccnenoBanue KIE€TOYHOTO COCTaBa KPOBU M KPOBETBOPHBIX OPraHOB

« MccnenoBanne Bo3AEUCTBUS  (AKTOPOB KOCMHYECKOTO TOJIETa HA KIOHOTECHHBIE
KPOBETBOpPHBIE  KJIETKM  METOJaMU  KOJMYECTBEHHOIO  aHaiu3a  MOPQOIOTHYECKH
HEPACII03HAaBaEMOI'0 OT/ENIa KPOBETBOPHON CUCTEMBI

JKviBoTHBIE MOABEpPraroTCs dyTaHA3UU Cpa3y IO OKOHYAHUM TojieTa. 3200l U BBIICICHUE
KOCTHOW M Jpyrux TKaHed mnposozsrcs npu 4 °C. BblieneHHble TKaHU IPOMBIBAIOT B
duzpactBope ¢ docharupim OybepoM U momemaroT B npoOupku ¢ 4% HEUTpaibHBIM
3a0ydepennbM (opmanpaeruaom npu 4 °C. 3aduKcUpoBaHHBIA TaKMM 00pa3oM MaTepuan
XpaHAT U TpancnoptupyroT 1pu 4 °C. IIpu 3ToM poccuiickrue CenuaIuCThl MOJIYYaroT IJ1a3a,
XBOCTBI, KPOB, YacCTh I€YEHHU M CEJIE3EHKH, a aMEPUKAHCKUE CHEIUAINCTHl BCE OCTABLINECS
TKaHU. AMEpPUKAHCKUE CIELUUATNCThl MOJYy4aroT Ouomarepual oOT IOJIETHBIX M BCEX
KOHTPOJIBHBIX TPYII KUBOTHBIX. AMEPUKAHCKUE CHEIMATINCTHI 00ECIICYMBAIOT BBIJICIICHUE U
ornpaBky 6uomatepuana B DL HACA B uelitpansHoM 3a0ydepeHHOM hopMaibaeruie npu
4 °C (ma by 6€3 3aMOPO3KH) WIIH B MapauHOBBIX OJIOKAX.

7. KOHTPOJIBHBIE SKCITEPUMEHTBI:

« [TocranoBka 6a3aabHOTO, OTCTABICHHOTO CHHXPOHHOTO M TJAOOPAaTOPHOTO KOHTPOJIEH

« Opra"orunuyeckoe KyJIbTUBUPOBAHUE in VItro B POJIEPHBIX KYAbTypax (MpU CUMYISALUN
MUKpOTpaBUTALIMN) U TKAHEBOE KYJIbTUBUPOBAHUE IIPU 3€MHOM CUJIE TAKECTH

8. ITIPEAIIOJIETHBIE BEPUOUKATLIMOHHBIE UCITBITAHUA:

1. Poccuiickue ucnbITaHus:

o [IpoBepka wucnonb3lyeMbix MpuOOPOB, METOAMK M MPOLEAYP, BHIOPAHHBIX CPOKOB
¢uKcaluy U METOAOB aHAINU3a

« OtpaboTrka nmonomHuTenbHbIX MeTon0B [IL[P nns m3ydenus kinerodHoit mponudepanumu,
HIaIepOHOB (CcTpecc OEITKOB) U PEryISATOPHBIX 'EHOB, IPUHAJUICKAIINX ceMelicTBaM Pax, Prox,
Six

« lccnenoBanue KJIETOYHOTO COCTaBa KPOBHM M KPOBETBOPHBIX OPraHOB y MHTAKTHBIX
TPUTOHOB

« PazpaboTka MeTO/10B KOJMYECTBEHHOTO aHain3a MOP(OIOrHuecky Hepaclo3HaBaeMoro
OTJIeJ1a KPOBETBOPHOM CUCTEMBI

2. AMEepUKaHCKHUE UCTIHITAHUS:

« [IpoBectn otpaborky wucnons3oBanuss BrdU wu apyrux HMMMYyHOIIMTOXHMHYECKUX
MapKepoB B TKaHSAX TPUTOHOB

« N3rotoButh Ha 6a3e DULl HACA uun ju1st onpeaeneHns N3MEHEHUIH TeHHOM 3KCIIPEeCCUH
y TPUTOHOB TOJT AeicTBHEM (PaKTOPOB KOCMUYECKOTO TOJIETA.

3. KoMmIuieKCHbIE UCTIBITAHUS M PETHCTPALMs UCXOIHBIX JAHHBIX:

Hameuennoe wuccrnenoBaHue  MOJEKYJISPHBIX ~ MEXaHM3MOB  BIMSIHHUS — (aKTOPOB
KOCMHMYECKOTI'0 10JIeTa Ha KIETOUHYIO Mpoiudepalnio 1 pereHepanunio Tkanei y Tputona Pl.
waltl sBIsieTCs] KOMIUIEKCHBIM, BKIIIOYAIOUIUM HIMPOKUI CHEKTP COBPEMEHHBIX KOCMHUYECKHUX
1 OMOTEXHOJIOTUH.

« OnpenenuTy MPOHUIAEMOCTh KOXHOTO TIIOKpOBa TPUTOHOB II0 OTHOIIEHHIO K
pacTBOpeHHOMY B Bojie BrdU

o [IpoBeputh crnocoOHOCTh OCcMOTHYECKUX MoMI oOecneunth noaayy BrdU B ycnoBusix
KoHTeiHepa "Tpuron"

« OTpaboTka METOAMK oOmnepaluid Ha JKUBOTHBIX mpoBoautcs B Poccum, a ananmus
6uomarepuana B CILIA

AMepUKaHCKHE CIeNHaTUCThl olecreuynBalOT moctaBky BrdU, ocMoTmdeckux momr,
WHCTPYMEHTOB Ul BBIJCICHUS TKaHEH, PEaKkTUBOB, IIIPHUIEB M POJUIEPHOTO almapara.
[lepeuenr cnenu@UUECKUX pPEAreHTOB OMNpeAeNsercs Mo pe3yJbTaTaM Ha3eMHBIX
0TpabOTOYHBIX AKCIEPHUMEHTOB. AMEpUKaHCKUN CIIEHUAIMCT TPUMET y4yacTHE B
MOCJIENONIETHBIX SKCIIEpUMEHTAX, IPOBOAUMBIX B MockBe.

9. BBATUE BUOMATEPUAIJI 1 CIIOCOBbI MAPKMPOBKU:



« Briienenue tkanel cpasy nociue syraHasuu npu 4 °C

o Gukcanus TkaHeit B 4% napadopmanpiaeruae A 3adUBKU B napa@uH (BBIIOIHSAETCS
aMEPUKAHCKUM CIIECLUATTUCTOM )

« Beigeneane MPHK st TILP u ompeneneHus reHHOU MOCienoBaTeIbHOCTH onuro d-T
METOJIaMH (BBIIIOJIHAETCS aMEPUKAHCKUM CIIELIUATINCTOM)

10. IOAT'OTOBKA BUOOBFBEKTOB/METO/1bl TECTUPOBAHUA:

[IpenycmarpuBaercs crieliMalibHOE Pa3BE/ICHUE JaTUPOBAHHBIX )KUBOTHBIX B aKBapUAIbHOM
NBP PAH. JIns moaeTHOro U BCeX KOHTPOJIBHBIX AKCIIEPUMEHTOB MPOBOIAUTCS OTOOP 0COOCH,
YIIOBJICTBOPSIIOIIMX BCEM BeCO-TabapuUTHBIM M BO3pacTHBIM TpeOoBanusiM. IIpoBoautcs
KOHTPOJbHBIA 3KcnepuMeHT 1o mnpoBepke CXKO B konrteitHepe "Tputon". Ilmanupyercs
poBeCTH OOJIBIIOE YHCIO OTPAOOTOYHBIX SKCIEPHUMEHTOB C TEeM, UYTOOBI OKOHYATEIHHO
YTBEPIUTh pa3InYHbIE TECTOBbIE MPOLEIYPHI, CIIOCOOB! (huKcanuu Ouomarepuana U METOIbI
€ro MCCIIE0BaHU.

1. Hcnonb3oBaHHBIE peakTHBBl WU (hapMmmpenaparbl: YKa3aThb JO3MPOBKY, CIIOCOO
BBEJICHUS, rpauK, OMOOMACHOCTb

Mapkep BrdU BBOAMTCS C MOMOIIBI0O OCMOTHYECKHUX IMOMI B BOAY, COJAEPXKAIIYIOCS B
koHTeitHepe "Tputon". PaguoakTuBHbIE METKU HE IPUMEHSIOTCS.

2. HecoBMeCcTUMOCTh C JIPYTUMH SKCIIEpUMEHTaMH (HampuMep, BBEJIEHUE CTEPOUJIOB 0
MMMYHOJIOTHYECKUX MCCIIEA0BAHUN NCKA3UT UX PE3YJIbTATHI):

« Henb3s npoBecTy BblACIICEHHE TKAHEH CIYCTs HEJIEII0 MOCe MoJeTa

« Henb3s 3anmepkuBarh 3a00M WM XpaHUTh TYLIKY IPU IOBBIIIEHHON TeMIEparype 0
BBIJICJICHUS] TKaHEH

11. D°OPMA PEI'MCTPALIUN JAHHBIX:

TeKCT ¢ WUTIOCTPATUBHBIM MaTEPUAJIOM B AJIEKTPOHHOM (hopme.

12. TPEBOBAHUS 110 OBMEHY JAHHBIMU U X AHAJIM3Y/METO/IbI:

1. Peructpauus nanusix: Cm. TpeboBanus B 1. 6.3

2. AHay3 TaHHBIX Ha MECTE 3aITyCKa/TI0Ca KU

MakpoCKOIUYECKOe HCCIIEJOBAHNUE COCTOSTHUSA )KMBOTHBIX U MX ONEPUPOBAHHBIX TKaHEH U
OpraHoB

13. ©DOTO/JUATPAMMBI:

[TpunararoTcst K OKOHYaTEIbHOMY OTYETY

Hacrosmmit nokyment nognucanu 22 utonsg 2004 roga:

OT poccuiicKoi CTOPOHBI: OT amMepuKaHCKON CTOPOHBI:

(B. 1. MurarmioB) (Puaapn Boiin)

IIVIAH MTPOBEJIEHUSA DKCIIEPUMEHTOB "PEI'EHEPALIUSA" N
"TTEKKOH" 1O TPOEKTY "®OTOH"-M-2

1. HA3BAHHUE OKCIIEPUMEHTOB: "Perenepauus" wu "I'ekxkon": Kierounas
npoiudepalrs y MHTAaKTHBIX )KHUBOTHBIX B YCIOBHSIX HEBECOMOCTH

2. OTBETCTBEHHbBIN NCIHOJHUTEIb:

Ot Poccuu:

Ot CHIA: [I-p Dnyapno Anmeiina, DiiMcckuii uccienoBatenbckuii meHTp HACA

Coucnonuutenu: I-p Pyds ['mobyc, Ditmcckuit uccnenoparensckuii ienTp HACA

J-p Bunona Bepkyrep, Diimcckuii uccnenonatenbekuii nentp HACA

3. 3AJAYN U TUITOTE3bI:

Msb1 npemnnaraem ucnosib3oBaTh B nojere KK "®oTtoH"-M-2 MHTAKTHBIX MO3BOHOYHBIX
JKUBOTHBIX (T€KKOHBI M TPUTOHBI) C IENIbI0 H3yUeHUs KICTOYHON MpOoTH(epauu B yCIOBHUIX
KocMuueckoro mnojeta. Kak mokazanu Hamu OOBITHI in Vitro, B YCIOBUSIX THIEPTPaBUTALIUN
KJIeTouHas mponudepamus moxer ysennuuBarbes (W. A. Vercoutere, M. Parra, C. Roden,



M. DaCosta, A. Wing, C. Damsky, E. Holton, N. Searby, R. Globus, and E. Almeida. Constant
Applied Force Stimulates Osteoblast Proliferation Via Matrix-Integrin-Signaling Pathways.
Molecular Biology of the Cell, 2003, VVol. 14, 205a-206a) . © Hao60poT, yMEHBIICHUE MaCChI
KOCTHOW M MBIIIEYHOM TKaHU B HEBECOMOCTH IO3BOJIIECT IPEIIOJIOXKUTH, YTO OTCYTCTBUE
MEXaHUYECKOW CTUMYIISIIIMM MOXKET TPUBECTH K CHIKCHHMIO CKOPOCTH HpOJU(eparun Kak
KIJICTOK-TIPEAIIECTBEHHUKOB ~ OCTEOreHe3a, TaKk M APYTMX  COMAaTHMYECKHX  KIIETOK,
YYacCTBYIOUIMX B pereHepanuu TkaHeil. Hama pabowas rumore3a COCTOMT B TOM, 4TO
B YCJIOBHSIX MOHM)KEHHOM T'PaBUTALlMM CHMIKAETCA CKOPOCTb Mpoiudepaluy COMaTHYECKUX
KJIETOK, BKIIOYas CKOPOCTh Mpoiudepanny IUIFOPUNOTEHTHBIX  KIETOK,  HalpuMmep
OCTEONPEIIECTBEHHUKOB B KOCTHOM MO3TE€.

KonkpeTHbIi BOIIPOC, HA KOTOPBIN MBI IIBITAEMCSI HAUTH OTBET: 3aMEJJISICT JIU HEBECOMOCTb,
a TaKoKe JApyrue GakTopbl KOCMMUYECKOTO M0JIeTa POCT KIIETOK, ONPEAEISIIOIUN pereHepanuto
Pa3JIMYHBIX TKAHEW OpraHu3Ma YesjaoBeKa, HAllpUMEp, KOCTHOM, MBIIIEYHOM, KJIETOK KPOBU U
np. OTBET Ha 3TOT BOIIPOC UMEET pellarolliee 3HaueHne PU BBIOOPE CPEACTB MPOPUIAKTUKH.

[Tpumenenne GpapMaKoJOTHUECKUX TPENapaToB B Ka4eCTBE MPOQUIAKTUKA YMEHBIICHHS
Macchl KOCTHOM TKaHU MOXET ObITh JOCTATOYHBIM JJIsl peIlIeHHs] 3TON MpoOIeMbl, HO MbI HE
MOKEM HCKJIIOYUTh BEPOSTHOCTb HAPYIIEHMsI pEreHEepaTHUBHBIX CBOMCTB M JPYIMX TKaHEH.
[Ipenyaraemplif SKCIEPUMEHT HOKAXKET, BIUSET JIM NpeObIBaHUE B YCIOBHUAX HEBECOMOCTU B
TedeHHe 16 CyTOK Ha CKOpPOCTh Mpoju(epanud COMATUYECKHX KIETOK Y XHBOTHBIX, H
IIOMOXET ITOCTAHOBKE COOTBETCTBYIOLIMX MUCCIIEJOBAHUM Ha YEJIOBEKE.

4. TIOJIETHBIN DKCITEPUMEHT:

1. OO11iee onucauue:

IIpoTOKOJ HAlIEro SKCIEPUMEHTA IIPELYCMaTPUBAET BBEACHHUE JI0 110JIETa HYKICOTHIHOIO
aHajora tuna Opom-ae3okcuypuauH (BrdU), BbIABIsieMOro MMMYHHBIMH METOJAaMH, U
MIOCJICTIONIETHYIO (PMKCAINIo B TTapadopMalibAeriie KOCTHOM U APYrUX MOJYyYSHHBIX TKaHEH ¢
MOCJIEAYIOIUM OIPENEICHUEM CKOPOCTH BKJIIOUEHHUS HYKJIEOTHIA B KIETKH pPa3IMYHBIX
TkaHed. [locie momyueHus Onomarepuana Mbl IPOBOAMM B cBoel maboparopun (DHUMCCKuit
uccnenonarenbckuil nentp HACA) onpezneneHue KJIeTOYHON mponudepaly B MOJIETHBIX U
KOHTPOJIbHBIX ITP00ax, a TAK)Ke B KJIETKaxX C dKCIpeccuen crnenupuyeckux MapKepoB.

2. TpeOoBaHus Kk OMOOOBEKTAM:

OKCHEpUMEHThl MPOBOAATCS Ha KOCTHOM M, €CIM MOXHO MOJYyYUThb, JIPYIMX TKaHIX
urnuctoro TputoHa (Pleurodeles waltlii) u rekkona (Teratocincus scincis) .

Hamm nannble no kieTo4yHol nposudepanuy TKaHeH TPUTOHA MOCIYXKaT JOMOJIHEHUEM K
pe3yibTaTaM H3ydeHHs] peaKLMU KJIOHOTE€HHBIX KJIETOK Ha (aKTOpbl KOCMHMYECKOIO I0JIeTa,
nosyueHHbIM cnieruanucramMu UMBIT u Mactutyra 6nonoruu pazsutust PAH.

Hamm nannble mo nponudepaTUBHOM aKTHMBHOCTH KJIETOK KOCTHOM TKaHU TE€KKOHOB
IIOCITYKaT JTONOJIHEHHEM K pe3yJbTaTaM T'MCTOJOTHYECKHX M JJIEKTPOH-MUKPOCKOINWYECKHUX
uccienoBaHuii, npoBoauMelx crenuaniucraMmu UMBIT u MactutyTa Mopdonoruu 4eaoBeka
PAMH.

3. TpeboBaHMsI K pETUCTPUPYEMBIM TaHHBIM:

HeoOxoauMmbl JaHHBIE IO TEMIIEPATYPHOMY pEXHUMY, YPOBHIO T'pPaBUTALlMU U pajvally B
II0JIETE, €CIIU TAKOBBIE UMEIOTCH.

4. TpeOoBaHMs K HAYYHOH amnmaparype:

Munumanbsble. Jlo monera moTpeOyrOTCS CTaHIAPTHBIE WHCTPYMEHTHI JUI HMHBEKIUH
HEPaJUOAKTUBHOM METKM THIA OpOM-I€30KCUYpUIUHA, BKJIIOYas [IIPHUIBI, WIJIBl U
npucnocoOsIeHue, B ciaydae HEOOXOIUMOCTH, I 3aKHUMa >KuBoTHOro. Ilo Becel BUIMMOCTH,
BCE O3TH HMHCTPYMEHTBl HMEIOTCS, IIOCKOJbKY WHBEKIMU MpeaycMmarpuBarorcss EMP
JKCIiepuMeHTa ¢ TputoHaMu. Ilocne monera norpeOyercs HaIu4rMe 0OOBIYHOTO JIAOOPATOPHOTO
000py/I0BaHus, B TOM YHCJIE IPUCIIOCOOICHUS IS BBIIEIECHUS TKaHeH, MUIEeTOPhI, MPOOUPKU
JUI XpaHeHus1 buomarepuaia u KOHTEHHep s Jbja.

5. IlpennosieTHbie MPOLETYPHI:

BBenenne metku Aiis onpeaeneHus ckopoct nponudepannu u cunresa JJHK, nanpumep



OpOM-€30KCHypUANHA. DTY NMPOLEAYPY HEOOXOIUMO POBECTU B TIOCIEIHIO MUHYTY IIE€pe
HOCAJAKON )KMBOTHBIX.

6. IToneTHble IpoLEAYPBHI:

Her.

7. IlocnenoneTHble NPOLEaYypHI:

JKuBOTHBIE MMOABEPrarOTCs dyTaHA3UU Cpa3y MO OKOHYAHUM Irosera. 3a00i U BblIe/IEHHUE
KOCTHOW M Jpyrux TKaHed npoBoautcs npu 4 °C. BplieneHHbIE TKaHU IPOMBIBAIOT B
duzpactBope ¢ ¢ocharupim Oydhepom u nomemarT B npobupku ¢ 10% HeHTpanbHBIM
3a0ydepennbM (opmanpaeruaom npu 4 °C. 3aduKcUpoBaHHBIA TaKMM 00pa3oM MaTepuan
XpaHAT U TpaHcnoptupyrot npu 4 °C. Ilpu 3ToM HaM X0Tenock Obl MOMXYYUTh JHOObIC TKAHHU,
coJiepKallie IUIIOpU- U TOTUIIOTEHTHBIE KJIETKHM M, B IEPBYIO OYEpPE]b, JJIMHHBIE KOCTH
CKeJleTa, HECYyIe BECOBYIO HArpy3Ky, U KOCTH uepena M CKejleTa, HEe HECyIHUe BECOBYIO
Harpy3Ky, a Takke o0pas3ipl TKaHel CepIe4YHOH MBIIIIBI, CEMEHHUKOB/SUYHUKOB, CTEHOK
KUIIEYHHKA, [IEYEHHU, [T0YEK, KPOBU U, €CJIM MOXKHO, pereHepupyroliero xsocra. Ham xorenoch
OBI TOJTYYUTH OMOMAaTEepHAIT OT O MOJIETHBIX M O KOHTPOJIBHBIX KUBOTHBIX (TUTIOC OT YKHBOTHBIX
CHUHXPOHHOI'O KOHTPOJIsI, €CJIM OH OyJeT MPOBOAUTHCS). J{j1si rapaHTUH KauecTBa HKCIIEpUMEHTA
KeNaTeIbHO, 4TOObI 3200 M BBIACICHHE TKAHEH MOJETHBIX M KOHTPOJIBHBIX KHBOTHBIX
BBINOJIHSUIM OJTHU U T€ )K€ CIELUANNUCTBl. 3a(UKCUPOBAHHBIA OMOMaTepuan OTIpaBiseTCs B
Olimcckuii uccnenoBarenbekuil HeHTp HACA B TpaHCTIOPTHOM KOHTEHEpPE ¢ OOBIYHBIM JIbJIOM
npu 4 °C (6e3 3aMOpO3KH).

5. KOHTPOJIbHBIE OKCITEPUMEHTBI:

6. IIPEJAIIOJIETHBIE BEPUDOUKAIITMOHHBIE UCITBITAHUA:

1. AMEepUKaHCKHUE UCTIHITAHUS:

Ilenp - ompeaenuTh ONTUMANIBHBIA 00BEM METKHU JUISl BBISBICHUS M3MEHEHUH CKOPOCTH
kierouHoi nponudepanuu u cunrtesa JJHK y rekkoHoB m TpuTOoHOB mocie 16-cyTodHOTrO
10JIeTa; 10100paTh ONTUMANIBHBIN THUIT U KOHIIEHTPALIUIO MAPKEPOB JJIs1 COMATHUECKUX KIIETOK.

2. Poccuiickue ucTbITaHUS:

Llenb - oTpaboTaTh Npoueayphl BeIACICHH OHoMaTepHrala ¢ IeNIbI0 COKpAIIEHUs BpEMEHH,
HE00XOIUMOTO ISl BBIJIENICHHSI U (PUKCAIIMKA KOCTHOW M IPYTUX TKaHEH.

3. KoMIiekcHbIe HCIIBITAaHUS U PETHCTPALIUS UCXOJHBIX JaHHBIX:

AHanu3 TkaHel B Jjaboparopun OHMcckoro wuccienoBatenbckoro ueHTpa HACA
IPOBOJUTCS C UCIOJIb30BAaHMEM OOBIYHOTO U CKAHUPYIOIIErO KOH(OKAIBHOTO MUKPOCKOIA U
UMMYHO(DIyOpeCHUpPYIOIIEH METKH.

7. BBATUE BUOMATEPUAJI 1 CIIOCOBbI MAPKMPOBKU:

o @ukcanms (10% HeWTpanbHbId 3a0ydepeHHsbiid Gopmanbaerus) B (¢GU3pacTBOpe ¢
dochatHbIM Oydepom, mpeaBapUTENbHO oxyaxaeHoM npu 4 °C

« [locie syranasuu u 10 BbAETIEHUS TKaHEH Tylika XpaHurcs rnpu 4 °C

« Brienenue Tkanel mpoBoIUTCS cpasy MOCie 3yTaHa3uu (He mo3ske 4eM uepes 1 yac nmocie
cmeptn). Kaxgas npoOupka Mapkupyercs ¢ yKazaHHUEM BHJIa TKAHU, UICHTHU(PUKAIMOHHOTO
HOMeEpa )KMBOTHOTO M TPYIIIbI dKUBOTHBIX (ITOJIET, KOHTPOJIb)

o [IpoBonncs ObicTpoe B3ATHE 00pa3LOB pa3IMYHBIX TKAaHEH C COOTBETCTBYIOLIEH
MapKUpPOBKOU

« bonbne o6pasibl TKaHel pa3pe3aroTcs Ha OJO0CKH He Oojiee mpuMepHo 1 ky0. cMm

« [ToaroroBneHHble 00pa3Lbl KIaaAyT B oxyuaxaeHHbIH ¢ukcatop (10 X ot oObema TkaHM)

« O6pa3iel xpansT B puxcatope nipu 4 °C B TeueHue 24 4acos

« OOpa3upl nepexyIafbBaloT U3 (HUKCATOpa B OXJIAXKIEHHBIH CTEPUIIbHBIA (U3PACTBOP C
docharubim Oydepom

« OOpa31bl OTIPaBIAIOT B TPAHCIIOPTHOM KoHTeiHepe mpu 4 °C ¢ TeM, YToOBI Ipy3 IpuObLI
B Jlabopatoputo Ditmcckoro uccienonarensckoro nenrpa HACA ne mo3gnee, yeM uepes 3
CYTOK

8. IIOA'OTOBKA BUOOBBEKTOB/METO/1bl TECTUPOBAHUA:

1. Hcnonp3oBaHHBIE peaKTHBBHI WM (hapMIpenaparbl: YKas3aTh JIO3UPOBKY, CHOCOO



BBEZICHUS, IpauK, OHOOMACHOCTD

Nubvekmus metkn cunre3a JHK, wampumep Opom-nme3okcumypuauna. Ompepensercs
ONTUMANBHBIA O00BEM METKU JUIsl ONpEACNiCHUS HM3MEHCHHH CKOPOCTH KJIETOYHOU
nponudepanuu u cuatre3a JJHK y rekkoHoB u TpUTOHOB mocie 16-CyTOYHOro IoJiera.
Hauvanpaas nosza: 1:100 o6/Bec 10 mxm Opom-ne3okcmypunuHa. I1ockosibKy Ha TpPHUTOHAX
npeiaraloTcs reHeTUYeCKue UCCiaeloBaHus, Heo0Xoqumo noaoopare MeTky cunTe3a JIHK,
KOTOpasi HE OKAXXET HAa HUX HEXKEJIAaTeNbHOro BIMSHUS.  PajiMoakTHBHBIE METKH HE
MIPUMEHSIOTCS.

2. HecoBMeCTUMOCTh C JIPYTUMH SKCIIEPUMEHTaMH (HAmpuMep, BBEICHUE CTEPOUIOB IO
MMMYHOJIOTHUECKUX UCCIIEAOBAHUN UCKA3UT UX PE3YNIbTATHI):

« Henb3st mpoBecTu BhielIeHHE TKaHEH CITyCTs HEJIEIIo MOCJe MojieTa

« Henb3s 3anmepkuBarh 3a00i WM XpaHUTh TYUIKY IPU MOBBIIMIEHHON TemmepaTrype 10
BBIJICIIEHUS TKaHel

9. ®°OPMA PETUCTPALIMN JAHHBIX: Her

10. TPEBOBAHUA 11O OBMEHY JAHHBIMU U UX AHAJIN3Y/METO/IbI:

1. Peructpanus TaHHBIX: 3allMCU HOMEpPA )KUBOTHOTO U IaHHBIX MO YPOBHIO MEPETPY30K

2. AHam3 TaHHBIX Ha MecTe 3armycka/mocaaku: Her

11. ®OTO/ANATPAMMEI: Her
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