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Modification of bone atrophy by daily 2 hour weight support
during simulated weightlessness in rats
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Hind limbh unweighing (HUj in rats for 15 duys (d) simulates the deconditioning clTects of weightl
ness on the weight hearing bones. The present study cvaluates the effects of daily 2 hour () wuim
support (WS) during simulated weightlessness (S-W) in preventing the atrophic changes in tibiy
Adult male albing rats were divided into three groups as (1} control (CON, n=12), (i) 5-W by til
suspension for 154 (HU, n=18), (i) HU with daily 2h WS (2HRWS, n=10). After 15 d tibia [rom ull
the animals were removed and subsequently drivd, ashed and then culeium content of the bones wen
determined. HU showed reductions in the water content by 35.8% organic mutrix by 12.2% m

calcium content hy 33,49 of tibia. Daily 2h WS during S-W resulted in complete prevention of wate

loss in tibia, However, organic matrix and culeium content did not show significant improvement |

ZHRWS when compared with HU. 2ZHRWS showed reductions in organic matrix by 4% and cal-g
clum content by 27% when compured to CON, These lindings indicate that daily 2h WS during S-W

in rat is not an effective countermeasure to prevent the atrophic changes in bone.
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eightlessness during space fhight résults
in decreass in mineral content of weighr
bearing hone and zn increase in urinary

and foval calejum loss [1,2.3] The possibality that

these caleium losses may not zbate with time of

expisure has raised concerns of serious bromedical
risk during prolonged exposure v hypogravie en-
virmnments. Different workers have attempted to
prevent these physiotogical alternations in space by
using metheds viz diet supplementaion, drugs, ex-
ercise and lower body negative pressure but with-
aut achieving uny effective countermeusure [2.4,3)
Ouly severe exercise regimens huve boen found ef
fuctive in preventing physialogical deconditicning
of cosmemauts inovery long duration spucefTights
[6]. However, as the tie required for such a pri
prarmma pemore and it leads s masoular pam, it s
not an adeal countermeasire for long tenn space

p )

Mighrs and undoubtedly same torm of artificial sy
ity such as by ronanng space station or the use

human centnfuge m space station is required for
such missions [6,7]. A recent study has shown thal
the increase I wrinury calcium output in conting-
ous bed rest suhjects were reduced Lo nearly pre bed
test levels with three hours of daily standing at | G.l
But netther daily supine bicyele ergometry up to i
fouts (I} per day, nor sitting at | G for & h per-day
had any effect on increased urinary calcium from?
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bed rest {461, Tnoowr earlier study 4 hr of daly weight
suppenl CWEY durmge somlated wepbilessmess (5-
W m rats was tound as o partial Iy successiul coun
termenstore i prevenhing (he bone dommeralicmion

[8].

Ant arthostatie by pokioetie posture byl sus
pension o s b an sccepted model Tor somalsting
effects of welghtlessness on skeletomusculan shs
tepn 49,10, This shely was undertaken 1o see the
uselulness of danly 2 h WS dunng 5 W anorats an
preventing the atrophic clianges in bone

Material and methods

Wistar strain of mude albuno tats, dgzed 4 months o
& monfhs amd weighing | SR200 pm, were wsed in
this study |11,12], ‘They were adapted 10 the envi

ranmenl in Weightlessness Simulation Capes

(WS with Jood (pelleted, Gold Mohuwr teed) and
water provided wd likitum | 137 Afer 7 doof sdapig.
lion o WHL and the leed they were divided ran

dommly in 3 groups. Groop | (CON, n=127] rals were
leftin WS tor another 15 d without any treatment.
Qroup 2 (HU, n=18) ruds were given 5-W by hind
limbumweighing (HL by tail suspension [5.13] tor
15 d. Group 3 (ZHEWS, n=100 rats were given 8-
W lor 15 d bul relessed from fail suspension for 2h
daily from 0800 h 1o 1000 h, 1o bear therr own
weight.

Aftar 15 d of experimentation rats were anacs
thetized by peotobarbital sodivm (530 mpdky body
wi,iptand hind lmb muscles were stodied tor their
contractite properties. Adier tus, rats were saor-
ficel snd their tibise remaoved far their wet wr, dry
Wi, ash wi, and calcium content (bone paper [8].
Waler content and organic matrix component of
bone were determined indirectly [8] Al these pu-
ramelers of bone were expressed as me/ 100 om body
W (mg/ 100 gm BW) [5.8.10]. Bone calcium was
also capressed as mg/ 100 mp dey bane [5.8]
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Results

Bone changes durmg 5-W and the etTects of daly 2
bWS o thiesd are prosented snTable 1 TID group
showwed rediictionsan the sral wet bone, water ¢on

tent. collagen matny, total inoreamc content {ash
wi ) and caloiun content ol bia, These lindings are
i oaprecment with the reports of ather workers
[3.8,10] 2 HRWS group showed signiticant im

provemient mothe bone waler vonlenl when coin-
pared 1o 1
content were not found w be signiticantly Improved.

chowever, Ulrpante matnx and caleium

Student’s unparred test was used o compace
meanx of vanous bong pacmaters of HIl and 2
HEWS groups with CON group and 2 HEWS with
HU 1nall cases. thedovel of stpnificance was see as
(LE R E

Iiscussion

Bone ¢ a modihed connective ussue consisting ol
living cells (viz, osteoblast, ostgociast), oreame
imercellnlar mairix (viz. collagen, mucoapaly-
sacchandes and hipids) and inorzanic [minerals viz
calcium. phospliotus) component. Results of CON
group shiow that tbia consisls of 173 waler and 243
af orgamie matris (45%) and mineral content (53%0
[8.14.15]

S-W by il suspension o rats for 15 d eesulted
in redaction of wot bone wt by 2009%:. This redug-
uon in wel bone wi may be the result of reduction
m owater/organic matidnuneral content of bone,
Omicomparieg water content in tihia of HLUT group
with CON group itwas found 35 8% reduced m
HU group. The HU group also showed reduclion in
the dry wt By 13.5% . This reduction in the dry w1t
may be due to reductions in the ofgdmc malny of
muneral content of the bune. The wi of grganic ma-
iris was found to be redoced by 12.2% in HET group
As maerity of the organic matrix in a bane 15 made
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Table 1. Madification of bone atrophy by daily 2 hour weight supporl yp

during simulated weightlessness in rots | gi

i e

PMarnmeters Con HL I niference 2 HEWS Phifference il

ne 12 (a8 (HU-CONO =1 CIHRWS COMY 2 Hews-H

et a1 2140 169.3 20,95 189 7 Sp 1200 LB

fgf 100z BW) 4.2 ¢ 121 Y £ 4 s wnn 8
T water T04 45.4 A5 HE il 3 R L A7

(g | 0 BW ) = 07 st b s 5.2 WA LI

Dy Libsan wi 14444 1219 [3.5% 1254 12.5% LAt (4
(mged 1T W) z [3.7 ERTINY +4.8 S
Tilia or gy L S i 12.2% .7 [ A5 2.0%

malinx == w7 e + 13 # N& H

gl 100 BW) W

Ashowe 789 7.3 -4t 67 7 - 2% 0.8% Sn

e 100g 0 BW 13 £ 6.2 e |8 iy NE | e

Tibiu caleiwm 1 8 x5 3144 247 2705 R e

(ma! 1 00gm BW) £3.9 R sar 21,3 e ng IO

Calemm (o 100mge 244 142 232 4%, 197 [th. 155 8.2% PR

Dry Bone ) =16 =48 ke + 0.7 Ll NE i

: e

U= e diS, ftepe O o t=pa DO, NS= hot Signiticant, BW=Body weight, CON=Control, HL=%W hy hind ik ci

wiweighing, JHRWS=HIL wah daily 2 wi suppant 4l
up of collapen Abres [14,15), reduction in organic 20 WS during 15 d of 5 W resulted in pari
matix can be interpreted as reducuon in collagen  Improvement of wet tibia wt (by 12% s comparel R
fibres of the bone. Reduction in collagen marnx of  to HU), This improvement in bone wt may be (i
buone in space flight has also been reported by oth-  tesull ol improvement in water/organic matrix/mi
ers []{}]‘ HuU gelil el alen showed reduction in total eral content of the bone, On further il.rlﬂl:."."'\.iﬁ wag -
maneral content of bone by 14.6% Reducton tn contentof tibia was found Lo be improved. Although
mineral content of bone during weightlessness has  waler content in 2 TIRWS was still 9% less that 5
also been reported hy athers (11 The reduction jn “oN but ditterence was not found significant. Dn
; LH ; >

mineral content of bone may be due o reductions hm;:’[_:'“f;ﬂ : HEWC‘ d:d it Jrnpr.:_}'.f. o _Cc'mpal‘fi"
i i ¢ i urther-a ! Fanic ; i
in calcium, phosphorus or any other nuncral of the _m % llRWﬂ:; i r]m 3'51,5 e mami cunt:g} 3

; ; . inl Sdi Clmprovement when ¢ -
bone, Calvium content of nhia was found 33,49 ! Ut oty ¥

reduced n HU group. Calvium in relation 1o dry
bune was also reduced by 22.4% in HU group. This
finding is suggestive of more calcium loss in a dry
bone as compared to its collagen matrix by S-W
Reduetion in the calcium content of the bone asso-
ciated wath mereased calowm, phosphorus and othet
nmuneral loss in ling dunnp serosl and simuiated
weighilesaness hat also been found by varous nther
wirckers [1.2,16]. These observations suggest thal
S-W by lail suspension in rats resulted mn reduction
of water. collogen and valcum coment of thea
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pared to HU and wus still 10:4%: less as compary
to CON. Total mineral content of the tibia (ash i
alsa did not improve and it was sull 14,2% ]u.u!-:inj?
HEWS as compared o COMN. Tolal caleium conten
(e [ i BY) of the hone was still 27% Jess|
2 HRWS as compared to CON and icalso dub
show significant impravement as eomparad to H

Calcium content i relation to the dry Tone w
15 1% less in 2 HEWSE a5 compared 0 CON, Ak
though, itshowed improvement by 8 29% in 2 HEW.
aw compared 1o HLL 110 was insigaificant, These finls
ings are suggestive of mone culeium loss as cons

i
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fored 10 the collogen mmnx loss in nbia imspite of
aiving ity 20 WS during 5-W, Thus 2 h WS
during 5-W wis not effecnve in prevenimg the
eoleium Juss aud reduction i collagen matny of
the hone, howeeser, ol weas Tound sulleswent o Tully
preverting the water [oss, tromm hia as mdueed by
5w,

Conclusion

HU in rats simulates decondinoning effecrs of
weighthessness on weighl beaiing bone tibia result

ing in atrophie changes n the form of reduction of
waker content, organic matnx and caloum contenr
of hone. 2 b WS during 5-W resulied i complewe
prevention af water loss form tbia but was (ol
madequade for preventon of coll igen matrmx and
caluiom loss. 2h WS during S-%W 1s 0ot an effective
counier measure 0 prevent the siraphic changes in
ithove,

References

L. Jee WES, Wiouski T1. Morey ER et 2. Bffects o
space ghl ontrabecalu Dose inrats Ao S Phyvesl
19R3 244 1B 310- 1 314,

2 Whedon G0, Latwak b Rambaur PO et al, Min-
eral el mivrogen balinoe study observation” The
sapand manned skyiabh mizsnion. Awar Ypace
P Med, 19760 4704y 391-T040

i Supakos GI3 Microgravine induced changes in lio-
man hane strength. Tiee Picenoiordsr T9ad 32010
suppl: 541-544,

i Blenmficld 5. Modification of bene glrophy seen
wilh hind Ll suspension by exercise and
dobuaming: e sl lfopisr 1985 3101 Suppl
S27-524,

Ind f Aerospace Med 41(2), 1997

—L__

.

4

Muodifrcanon of bore atropiey ) Jaea, feer gl

Wshra 5%, Banerpee PR, Jain PR, Studics onskeleto
muscular decondinenngand hemarlogical changes
i s ol lowang anportbostabe bypokineses mduced
b tail suspension AFMBC Project Mo 1T 1NR
Rustel BB Perieslie aeceleratmsn stimulation oo
wetghitlessness snvoomment (PAS WEF & new
wheme The Phvdolioofee, 198 V3 I."-'Ilr|I1|' 55-
57

Rarton RE A human gie centilfuge e space sta-
oy, Proposed ground based siudies Avear Spoee
Hevvrrnm Med. FYRR; 5% 31542,

Juin PK, byer EM, Banejee PR, Effects of pertodic
wetght support in a sietulated welphtless enyviron-
mant 10 presentng bone Jeounsoudisalwon Ll )
Arnapace Med: In Press

Wranskr 1), Motey-Holion ER Skelelal respunse
(o sirtiulated weightlessness: A componson of sus-
penaion rechngques  Avial Space Environ Med,
1957 55, 63:08,

Boer Roberr 1, Phllaman RYL Bone erowth and
calenmm balance duning sumuliled weiglilessness ln
tlie 2t ,l'_-!|;.l.;h| Phviiad 1990 6RO 1520
Montutar-5ols 1, Duke P, Dumov G Space Niglht
and ape wlifect tibial epiphyszal growth plate
hstomarphamenry. J Appl Phvsrol. 9930 T3i2)
Suppl! 195-255:

Doty 58, Marey-Holion BB, Durnovs G cloul
Murphologeel stadies of booe and tendon. J Appd
Plvgiol 1992, 71 12) Suppl; 105-135

Jain K. Bancrjee PR, Buboo N3 el al, Physiolugi-
cal properttes of rat hend limb muscles after | Sdays
of stmutlated werghtless enviconment. fndd J Phyvsied
Phgrenpeo! 1997, 41012528

Kezle Ca, E Nell, M Jocis. Samson Wrighl's
Apolied Phvsiology 1Mhedn New York Toconta:
Cford Ulmiversiy Pross. 198d; 546-355

Ciuvton AT Tecthook of Medical Physialogy Hih
rdn Phaladelptia; W Saunders company. 1991,
469, B72-874.

Prrmugalov ¥V, Savina EA, Kaoplansky A5 et al.
Effeet of spuce Might Gelors on the mammal: Ex
perimental-morphalogical study, Aviar Space
Envirog Med. 1976: 47180 813816,




