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THE DYNAMICS OF PROLIFERATION
AND DIFFERENTIATION
OF OSTEOGENIC CELLS UNDER
SUPPORTIVE UNLOADING

With the use of radioactive marker of DNA synthesis —
JH-thymidine we have studied the dynamics, peculiarities of
proliferation and differentiation of osteogenic cells under hind
limb unloading of white rats («tail suspension» method at an
angle 35°) during 28 days. The >H-thymidine was adminis-
tered at a single dose at the end of the experiment, the biosam-
ples were taken from femoral bones in 1, 48, 96 hr. Light and
electron-microscopic radioautography with > H-thymidine (in 1
hour) have shown, that basic fraction of DNA synthesizing
cells in the zones of adaptive remodelling of bone tissue is rep-
resented by little-differentiated perivascular cells (that include
osteogenic cell precursors). A tendency for a decrease of a
labelling index in the >H-thymidine osteogenic cells on meta-
physeal bone trabeculae under hind limb unloading has been
established. The dynamics of labelled cells during various
time intervals after >H-thymidine injection testifies to a delay
in the differentiation precursors in osteoblasts and their trans-
Jformation to osteocytes in experiment animals. The obtained
data have shown that a long-term supportive unloading leads
to lowering the intensity of osteogenetic processes in long bones
and reducing bone mass.
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Introduction. The investigations carried out on
the space stations, biosatellites and in modeled
experiment, have shown weight unloading leads to
the loss of bone mass (clinically known as osteope-
nia, some time osteoporosis), especially in the bones
that receive supportive loading [1—3].

The peculiarities of proliferation, differentia-
tion and the specific functional activity of
osteogenic cells under hind limb unloading and
microgravity conditions have been little-studied
and the information about them in contradictory.
According to some authors’ view [4—6] the
osteogenic precursors cells appeared to be the first
target for the influence of the lowering of support
load.

The experiments, conducted on «Cosmos
1987» with the use of morphometry of the
osteogenic cells nuclei from rat periodontal liga-
ments of the upper jaw, showed a decrease of the
population of early precursors and an increase (up
to 42 %) in the number of preosteoblasts after 12,5
days of flight and 55 hours of post-flight stress. It is
considered, that microgravity suppresses osteoge-
nesis at the stage commitive precursor — pre-
osteoblast [6]. The results of the experiment
aboard «Bion-10» showed, that although the pro-
liferation of the little-differentiated osteogenic
cells (MN7) was not affected by microgravity, the
differentiation of cells as judged by the synthesis of
ALP and type I collagen was slowed down [7].
Some researchers [8, 9] associate reduction of the
intensity of osteoplastic processes in support-load-
bearing bones under hind limb unloading and
microgravity with the reduction in the number of
osteoblasts; the other researchers did not observe
the reduction of osteoblasts’ number [10]. Our
previous historadiographic investigations with a
use of *H-glycine have also showed a tendency of
collagen biosynthesis reducing in osteogenic cells
at hypokinesia [11, 12].

Therefore, the following questions are topical
and need to be solved. Is the proliferation of
osteogenic precursor cells suppressed and/or does
their rate of differentiation slows down? What is
the response of osteogenic cells to the reduction of
supportive loading? Does dynamics of transforma-
tion osteoblasts in osteocytes change?

It is necessary to study the proliferative peculi-
arities of the osteogenic precursor cells, the
dynamics of their differentiation into osteoblasts
in the zones of osteogenesis under the lowering of
supporting load with the use of the radionuclides
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SH-thymidine. *H-thymidine is the specific pre-
cursor for the DNA synthesis. Due to selective
inclusion of *H-thymidine into DNA, only that
cells are labelled, which synthesize DNA and are
at the stage of synthesis (S-phase) of mitotic cycle.

Material and methods. The investigation was
carried out on 36 white rats of a Wistar line (males,
weight 170—180 gm) under the model hind limbs
unloading. It was modeled according to the «tail
suspending» method at an angle 35°. At the end of
the experiment the animals were injected with *H-
thymidine («Amerhsam», Austria). The radionuclide
was administered to animals intraperitoneally at
the dose of 0.5 uCu/gm body weight. In *H-thymi-
dine experiments the rat femoral bones were taken
in 1, 48, 96 hr after the radionuclide injection. The
animals were anesthetized before the sacrifice. Six
animals were used in each experiment and for each
exposure time (control and experiment).

The biosamples were fixed in a 10 % neutral
formaldehyde solution, decalcified in trillion B
(«Sigma», Germany), embedded in paraffin. The
histological sections were covered with the «M»
type photo emulsion (Plant of technical photo
plates, Russia). The obtained histoautographs were
stained with hematoxyline-tionin-eosin («Sigma»,
Germany).

In *H-thymidine historadioautographs the
counts were made of nuclear labeling index (%)
per 600—800 cells and cell labeling intensity per
50—100 cells. The counts were made at the micro-
scope magnification 1250. The data were statisti-
cally processed with Microsoft Excel program. The
method of electron-microscopic radioautography
was used for the identification of DNA synthesiz-
ing cells in the osteogenesis zones. *H-thymidine
was injected intraperitoneally to three rats (males,
170—180 gm of weight) at the dose 10 pCu/gm.
The biosamples were taken at 1 hour after injec-
tion of radionuclide. Then they were fixed in 2.5 %
gluteraldehide on the phosphate buffer, finally
fixed in 1 % solution of osmic acid, and embedded
in araldite. The ultra-thin sections were contrast-
ed, covered with the «M» type photo emulsion and
investigated under the electron microscope
«TESLA-BS 500».

Results and discussion. It is known, that dur-
ing early stages of the skeleton formation the lit-
tle-differentiated mesenchymal cells serve as
sources for osteoblasts. Later they acquire a perivas-
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cular localization to participate in the develop-
ment of osteoblasts in the periosteal and enchon-
dral osteogenesis and also in the formation of the
bone marrow stroma cells. The population of
mature osteoblasts is replenished due to the pro-
liferation and differentiation of these precursor
cells. These data were provided by studies employ-
ing *H-thymidine as a labelled DNA-precursor
[13—16].

With a help of electron microscopic *H-thymi-
dine radioauthography it was established that the
little-differentiated perivascular forms make up the
basic proliferating fraction in a population of the
perivascular cells. Preosteoblasts proliferate less
intensely. The overwhelming majority of function-
ally mature osteoblasts, osteoblasts undergoing
transformation to osteocytes, as well as osteocytes
are considered as irreversibly blocked forms rela-
tive to proliferation [14, 15, 17]. Morphologically
the differentiation of precursor cells into osteoblasts
is manifested in a successive development of the
organelle systems involved in the biosynthesis of
the organic substrates of the bone matrix, first and
foremost of the rough endoplasmic reticulum and
the Golgi complex [16].

In the experiments employing a single *H-
thymidine administration the study was carried out
the proliferation peculiarities and dynamics of cell
populations in the metaphyseal zones of rat
femoral bones under hind limb unloading com-
pared with the control. In a definitive bone the
growth and morphogenesis processes do not occur,
here take place only the processes of physiological
regeneration of bone structures and their adaptive
remodelling (under the change of support-force
loads). The latter processes happen also at hind
limb unloading and are mostly pronounced in the
metaphyseal zones.

The metaphyseal bone trabecules surfaces reveal
DNA-synthesizing cells incorporating *H-thymi-
dine at 1 hr after the isotope injection. Perivascular
cells and preosteoblasts that leave Gy phase and
enter the mitotic cycle represent the population of
labelled cells (Fig. 1). This is also confirmed by
electron-microscopic radioautography (Fig. 2). The
labelling index of these cells (counted in total in a
microscopic field of vision) makesup 3.72 = 0.18 %
in the experiment and 4.31 £ 0.20 % in the control
(p < 0.05) (Fig. 3). It should be noted that some
bone trabecules’ surfaces do not show *H-thymi-
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Fig. 1. *H-thymidine-labelled perivascular cells and pre-

osteoblasts in the osteogenic zone 1 hr after the radionuclide

injection. Hind limb unloading. A historadioautograph.

Haematoxyline-tionin-eosin. Ob. 100, oc. 12,5. BV — blood
vessel, BM — bone matrix x1250

Fig. 2. A perivascular cell labelled with *H-thymidine. An
electron radioautograph, exposure 1 hr. BV — blood vessel.
x12 000

dine labeled cells at 1 hr following the isotope injec-
tion. Thus, in hind limb unloading there appears a
tendency to reduce in the number of proliferating
osteogenic precursor cells in metaphyseal bone
trabeculae. Osteoblasts and osteocytes do not
incorporate the *H-thymidine label 1 hr following
the injection. The nuclear labeling intensity of the

24

N.V. Rodionova [ |

precursor cells (preosteoblasts) 1 hr after injection
is approximately similar both in the experiment
and control (Fig. 4).

By 48 hr the average labelling intensity in a pre-
osteoblastic population decreases almost 2-fold both
in the experiment and control animals, whereas by
96 hr it shows a 3-fold reduction. We can conclude
that by these time intervals the cells have under-
gone division 1 to 2 times. However the labelling
index of cells decreases almost 1,6 times in the
experiment i.e. a less degree than in the control
(3,3 times).

This also confirms to some extent, the decrease
of proliferate intensity in the precursor-cells under
hind limb unloading. Insignificant part of initially
little-labelled cells (4—8 silver grains) following
division has been excluded from counts. By 48 hr
the labeled osteoblasts and individual labelled
osteocytes appear.

The labelling indices of preosteoblasts (3.54 +
+ 0.18 % in control and 3.29 + 0.16 % in experi-
ment) and osteoblasts (3.24 + 0.16 % in control
and 2.87 £ 0.14 % in experiment) show that in
preosteoblastic population about a half of labelled
cells leave the population due to the differentiation
into osteoblasts. A half of preosteoblasts remain as
a cell «reserve» at the surface of bone trabecules.
By 48 hr both in control and experiment the bone
trabecules show single labelled osteocytes. Their
labelling indices make up 1,4 % in control and
1.2 % in experiment.

By 96 hr after the experiment the osteoblasts
(labelled after 48 hr) were transformed into
osteocytes. The labelling index of osteocytic
nuclei including also formerly labelled osteo-
cytes becomes equal to 3.6 £ 0.18 in control and
3.36 £ 0.16 in experiment. The labelling intensi-
ty of osteocytes in experiment and control by
96 hr approximates to that of osteoblasts after
48 hr. Insignificant number (=2.0 %) of labelled
osteoblasts in control and experiment observed
before 96 hr were formed due to a repeated divi-
sion of precursor cells. We can judge of this on
the basis of similar values of the average labelling
intensity of preosteoblasts and osteoblasts by
48 and 96 hr.

In the bone trabecules remodeling zones there
are regions containing groups of *H-thymidine-
labelled cells (at 1 hr exposition). These are main-
ly perivascular and fibroblast-like cells. 48 and
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96 hr register these labelled cells in tissue forma-
tions (fibrous zones) at the superficial and deep
zones of bone trabecules.

The analysis of the obtained results allows
allous to suggest a tendency for a delay of growth
processes in bone structures and physiological
regeneration of osteogenic cells at the bone struc-
tures of the femoral bone metaphyses at hind
limb unloading. It should be mentioned; in
osteogenesis zones at hind limbs unloading, part
of labelled by *H-thymidine stromal little-differen-
tiated cells loss osteogenic gene type and after
division differentiates into fibroblasts and
adipocytes. It leads to appearance of fibrosis sec-
tions in remodeling zones of bones structures,
also to increasing of adipocytes number on the
bone surfaces [12, 18, 19]. In conditions of micro-
gravity a loss of osteoblastic phenotype gradually
takes place [20]. It was indicated clear influence of
microgravity on internal nuclear structure.
Rebuilding happens in the structure, location and
contrast of nuclear parts. It is connected to expres-
sion shortening of autocrine genes and genes of the
cell cycle, at parallel inhibition of anabolic reac-
tion at microgravity [21]. MC3T3-EI osteoblasts
at cultivations at the conditions of modeled micro-
gravity preserve the expression of RUNX2, osteo-
calcine and collagen type 1, but expression of alka-
line phosphatase is decreased [20].

Some authors [22] suppose that the delay in
the differentiation of osteoprecursor cells to
osteoblasts under the gravity load decrease.
According to electron-microscopic findings under
hind limb unloading the population of perivascu-
lar cells and preosteoblasts show a reduction in
the number of cells containing alkaline phos-
phates (one of the osteogenic differentiation
markers) and an increase in the number of resting
preosteoblasts [23].

An in vitro morphometric analysis of the little-
differentiated cells (MN7) (Bion-10), showed a
tendency for a cell differentiation delay [24]. An
increase of the osteogenic cells’ proliferation was
observed (Bion-10) in cell cultures from monkey
iliac bone spongy tissue using *H-thymidine mark-
er [9]. Our findings correlate with results of studies
of cultured mice osteoblasts (MC3T3-El) exposed
in a space system «Biopak», which demonstrated a
delay of the osteoblastic differentiation from the
very beginning of their cell cycle [25].
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Fig. 3. The change of the *H-thymidine cells labelling index

(%) in zone of the rat femoral bone metaphyses under hind

limb unloading: a — experiment; b — control. * The difference
is significant compared to control, p < 0,05
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Fig. 4. The change of the intensity of *H-thymidine cells

labelling (the number of silver grains) in zone of the rat

femoral bone metaphyses under hind limb unloading: a —
experiment; b — control

Conclusions. With the use of radioactive marker
of specific biosynthesis — *H-thymidine we studied
the dynamics and peculiarities of proliferation,
differentiation of osteogenic cells and transforma-
tion osteoblasts in osteocytes under hind limb un-
loading of white rats («tail suspension» method)
during 28 days. Light and electron-microscopic
radioautography with *H-thymidine have shown,
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that basic fraction of DNA synthesizing cells in
the zones of adaptive remodelling of bone tissue is
presented by little-differentiated perivascular
cells (that include osteogenic cell precursors). A
tendency for a reduction of a labelling index in the
SH-thymidine-labelled osteogenic cells in meta-
physeal bone trabeculae under hind limb unload-
ing has been established. The dynamics of
labelled cells during various time intervals after
SH-thymidine injection testifies to a delay in the
differentiation precursors in osteoblasts and their
transformation to osteocytes in experiment ani-
mals. The obtai- ned data have shown that a long-
term supportive unloading leads to lowering the
intensity of osteogenetic processes in long bones
and reducing bone mass.

The investigation was carried out with a help of
financial support of NASA and ESA (Grant STCU
No 22) and by research program of Ukrainian
Academy of Science.
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JUHAMUKA IMTPOJIN®EPALIMN
N INOPEPEHIIMPOBKU OCTEOI'EHHBIX
KJIETOK ITPU CHATHU OTIOPHOM HATPY3KU

C ucmnosib30BaHUEM PaTuOaKTUBHOTO MapKepa CUH-
te3a JHK — *H-tumunnHa usyyanu TMHaAMUKY, OCOOEH-
Hoctu nposudepanuu U 1MdGdepeHIMPOBKU OCTEOTEH-
HBIX KJIETOK O€JIbIX KPbIC MPU CHATUU OMOPHOI HArpy3-
KU C 3aJHUX KOHEYHOCTEH METOIOM <«BBIBEITUBAHUS»
3a XBOCT TOJ1 yriioM 35° B TeueHue 28 qHeil. B KoHIIe 2K-
CIIEPUMEHTA OIHOKpAaTHO BBOAWIM ‘H-TMumuH. Broo6-
pa3upl oTOMpanu u3 GeApeHHO Koctu depes 1, 48 u
96 4. MeTOoIOM CBETOBOW M 3JIEKTPOHHO-MUKPOCKOTIH -
YeCcKoil pannoaBTorpaduu O6bUI0 MOKa3aHO, YTO OCHOB-
Haa ¢pakuus JHK-cuHTe3upyommx KIeToOK B 30HaX
aJIalTUBHOTO PeMOEINPOBAHUSI KOCTHOM TKAHU MPEC-
TaBieHa ManonuddepeHIMPOBAaHHBIMY MTEPUBACKYIISIP-
HBIMM KJIETKAaMU, BKJIIOYAIONIMMU B Ce€0S OCTEOTeHHBIE
KJIeTKU-TIPEIIIECTBEHHUKHU. YCTaHOBIeHA TEHACHIUS K
YMEHBIIEHNIO MHAEKCAa MEUYEHUS] OCTEOT€HHBIX KIIETOK
’H-TUMUINHOM B KOCTHBIX TpabeKynax MeTadu30B Mpu
CHSTUU OTOPHOW HArpy3ku. [lmuHaMuKa MEYeHBbIX KJe-
TOK B pa3JM4YHbIe CPOKHM TTOC]E BBeaeHus *H-tumunnna
Mmoka3bpiBaeT 3amenieHue AuhGEepeHIuPOBKA KIETOK-
MPEIIeCTBEHHUKOB B OCTEO0JIACThl U TPOIECCOB UX
TpaHchOpPMALIUM B OCTEOLHUTHI Y 9KCTIEPUMEHTATbHBIX
KUBOTHBIX. [loJydeHHbIe NaHHBIE CBUACTEILCTBYIOT O
TOM, YTO UINTETbHAs OMOpPHAsl pa3rpy3ka MPUBOIUT K
CHIDKEHUIO WHTEHCUBHOCTH OCTEOTEHETUYECKUX IPO-
1IECCOB B JUIMHHBIX KOCTSIX ¥ PEIYKIINUA KOCTHOM MacCHhI.
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JUHAMIKA MTPOJII®EPALLIT
TA JUPEPEHUIIOBAHHA OCTEOTEHHUX
KIIITHUH TTPU 3HATTI
OINOPHOI'O HABAHTAXKEHHA

3 BUKOPUCTAHHSIM PalioaKTUBHOTO MapKepa CUHTE-
3y JHK — *H-TumiguHy BUBYaIM IMHAMIKY ITpostidepa-
ii Ta nudepeHIitoBaHHS OCTEOTeHHUX KIITUH Oiaux
IIYpiB MPU 3HATTI OMMOPHOTO HaBaHTaXXEHHS i3 3aHIX
KiHIIIBOK METOJIOM «BUBILlyBaHHS» 32 XBICT MiJl KyTOM
35° BripoaoB:k 28 nHiB. B KiHIIi eKCITIepUMeHTY OJHOpa30-
BO BBOAMIM *H-TuMinuH. Bio3pasku BigOupanu i3 crer-
HOBOI KicTku uepe3 1, 48 i 96 ron. MeTomoM CBITJIOBOT
Ta eJIEKTPOHHO-MIKPOCKOITIYHOI pamioaBTorpadii Oymo
mokaszaHo, 1o ocHoBHa (paxuis JHK-cuaTesyounx
KJTITUH y 30HaX aJalTUBHOTO PEMOAETIOBAHHS KiCTKO-
BOi TKAaHWHU TpeACTaBieHa ManonudepeHIiioBaHUMU
TMepUBACKYISIPHUMU KIIITHHAMU, 110 BKJIIOYAIOTh OCTEO0-
TeHHI KJIITUHU-TIONEPEIHUKN. BCTAHOBJIEHO TEHACHLLIO
10 3MEHIIEHHST iHAEKCY MIiYeHHS OCTEOTeHHUX KIIITUH
SH-TuMignHOM B KiCTKOBUX Tpabekyax MeradisiB mpu
3HATTI OMNOPHOrO0 HaBaHTaXeHHs. JlMHamika MiYeHUX
KJITUH B pi3Hi TepMiHU Micias BBedeHHs ‘H-Tuminuny
JNEMOHCTPYE YMOBiTbHEHHs NU(bEepeHITilOBaHHS KIITUH-
MOINepeaHUKIB B OCTEO0aCTH i MPOLIECiB IXHBOI TpaHC-
opmartiii B ocreonut y eKCriepuMEHTAIbHUX TBAPUH.
OTpuMaHi maHi cBim4aTh Mpo Te, 11O TpHUBaje OMOpPHE
pPO3BaHTaXeHHsI TIPU3BOIUTH A0 3HWKEHHS iHTEHCUB-
HOCTi OCTEOTEHEeTMYHHUX TPOILECiB B JOBIUX KiCTKax
i peaykilii KiCTKOBOT MacH.
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