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Introduction 
Tht: uniqut: cond.ition11 of microgra'"ity a nd racliation t:xpoaurt: in 
1pact havt: a 1ubatant.ial impact on human ti1.11u@ function; ruulting 
in txtzeme bone 1011. The c oal of thit projtct it to 1p1.thuin the 
current knowledce on bone lou in , pace for UH in future reaearoh. 
Thnt: ia cl@a.r @vidt:nct:, l:,aat:d on pa1t HH&rd1, that microgravity, 
co1mic radiation, Ou.id Oow, and. wtchanotrantduction i.n.flutnct bone 
function durin:: apact travel and ruult in ai(IWlcant 1011. Howeve~ 
t.heN ia a need ior future ruearcl:1. on how t.heae fact.ore relate to each 

otbu a.nd th.Mr collt:cti--.-., inBu(lmct: on nu,ch.ani.am.a 0£ bont: 

recm.•ration and repair. In addition, thut: it a nud for more ruurch 
on potenti•l 1olution1 to pttvent the hone Ion aeen durin:: apace 
uavt:l. 

Konnal Mechanisms of Bone Re11:eneration and Repair 
.Achiflved through the action• of o•uohluu, oeuiocluu. 
o,uocytu, and bon.t l.inin.c cella 
01teocytea detect bont: dam•&• to bone and • i::nal thia to bone 
lining cell, ";• factora, auch • • PGE2, PGI2, I\O, and IGF-1 
Bone lining ceU... rt:cogniu artd respond by recrui.cing oauoclan 
pr.cunon to the 1ite of dam•:-• 
Oneoclut precur1on maturation mediated by R.ANK-L 
Oauocluu digf!H hone tlirough ll!xcrH1on of acid that degradH 
hydtoxyapatiu 
• Unduco apoptoaia-Wtiated by 01teoprott11"rin (OPG) 
Oeuohlaeu rtcruited to area of newly dicened bone by -e;rowtl1. 
faeto,o, IGF-1, IGF-II, TGF~~ •nd TGF~2 
01teohla1ta depotit oateoid in cavity ➔ mineraliud to form new 
hone 

Combatinc Fluid Flow Effe<:t1 
Biapho1phonate: inhibit■ oneodut activity 

• Inu.rmi.tunt CompNaaion: im.provu Mood flow to affecud limb 
• miR-33-ip Supplemtntation: promotu 01teobla1t diffuentiation 
• mLIPUS: promote■ 01teoblaat prolife.ration 
Comhatin&" Radiation Effecu 

A.mifoni.ne: proteeu cellt from DNA damage cauud br radiation 
Antioxidant Suppleme.otation: prot1:cu acai.nat reactive oxyc•n 

Effects of Fluid Flow and llechanotransduction 
Mec:buiotran.sdu.c:tion and F luid Flow 

lltthanotran.aduction: p:rocu, of taking mtthanical e:nugy and 
CODVt:rtinc it into electric&l e.nera• and biochemical •icnal& 
When bone it bent or comprueed, a preuun cradient forcu Ouid 
out of the area of ■train 
Fluid and charge movement crutea a 1truming pounti&l that 
alten the electrical environment of the aurroundinc bone cdl, and 
activatH aeve.ral aecondary ev1:nU, leadin: to the R1orption and 
formation of ne;w bone; in the damaged uu 
,·elocity of th• inteutitial Ouid mo,.·•ment it thouc;ht to play a key 
role in activatin& aurrour.idin.c eel.I, when bone it under 1treH 

Cytoskeldon's R ole io Mec:banotran.sdud.ion 

Cyto1keletoD: network 0£ actin, microtubulea, and intermediate 
£ilamenu, which provid~ 1bap• and stability to ceU. 
Actin fi.l.amenta within cell.a HnH mechanical force a nd -cenera te 
contractile: and protrul i'-'-e forcea 
lntumuliate f'ilamenu urvit as aenaor, of mechanical force 

direction and 1tren~ 
C}-to1keleton reactl to changH in fluid , he:ar 1tre11- a nd bu been 
lin.lr.e:d to bone cell• reaponu to loading 

F lu.id Flow &1:1.d Bone Lou in Space 
:llicrocravity reducea fluJd flow within bone by two mearu-: 
cephalad fluid ehifu and loH of me:chanical loacling 

Lou of the gra,..itat.ional prHIUH gradie:nt increau1 prHauu in 
the upper body and decrun1 preu un in the lower body 

• Bone experieneea unloadin: dlll'ing apace travel becau1e it no 
)ongu bur• the: we:ight of t.he: uuonaut 

DtcruH i.n Ouid veloci.t·y and lou of loadin1-induced Oow of 
interatitial fluid tlu-ou: h the lac:una-canalicular net,,·ork decrenH 
tlle mechano1eneitivity of the hone eeU. 
Oateocyt.u undngo apopt.otis due tot.he: lack of fluid ehur fore• 
1timulation, reaultin:: in a reduction in hone man 
Unloadin: decreuu proliferation of 01teoblnt precunor cella and 
caueu rHietance:- to para t.hyroid hormone (PTH) and lneulin-1.i.ke; 
c ro...,'t.h factor type l (IG-F-1) in oeuoprogit.nitor cells 
L-type calcium channel. in 01teohlasu are inhibited under 
microgravity, block.in: their major muna of initiating bone 
formation 
Unloading cawed on.oeyt.ic diauae leading to reaorption 
Under microcravity condition.1, thi1 uaemhly of the cyto1keleton 
ia alure:-d bec:auee t.hey d-o not ha,..e th• g ra,..ity v.-ct.or u a guide: 
for c rowt.h 
Under n1forocravity condition.1, cell c rowd1 ia bloclc•d either th• 
Gl phan or G2/M checkpoint. due to C:)'t.oekeletal che,n:ea 

Effects of Cosmic Radiation 
Ccmnic: Radiation 

Radiation eDvironment in epace; is a mix of galactic coemic 
radiation, eolar particlea, and ceomarnetically trapped particlu 
G• l•etic coemie radiation (GCR) i.e. "bac"-crouud" radiation 
originating from ouuide the eolar , y1um~ but mo,tly from ";tlUn 
t.l,;e Milky Way galaxy 
Sola.r particlH (SPE) come from ,olar Ouea and coronal maH 
ejection,. when lar,e ma11ea are randomly ejected from the eun 
Geomagnetically trappe:d particlH are protone and ele:ctron.1 
with.in the eeomapetic fltld layer, wh.ich it tht marn•tic field 
,urroundinc the Earth 
As utronautl mo,re further away from the Earth, the radiation 
expoaurt ,hifu from monly geomagne:tically trappitd particlu to 
GCRand SPE 
When GCR •nd SPE particles interact with epacecraft ehieldinc, 
the:y can create ucondary radiation a nd incru1e the: potency of 
hu,.y ion irradiation 

CellWu R tiponse to Radi.ation 
The body re1pouded to radiation through inOammation, DNA 
damage repair, and reluu of ROS aca,.·~ger1 
Inflammation ia initiated by activation of ltrtH•aen,iti,.•t kinau,, 
proinflammatory tranecription fac:ton, and upreplation of 
proi.nflammatory cytokine production. 
DNA repair mechaniam,: bau e:xcieion repair, nucle:otide: exciaion 
repair, mi.match repair, homolocou, recombinatio~ and non• 
homolorou1 end joinine-

Raliation•lnduced Bon• Loss iD Spau 
Radiation cauu1 o,ttoblaat de:-ficiency, o, uocyte dutzu.ctiou, 
fibro1ia of bone marrow, decruaed BMSC, , and tranaient increaa.H 
in oeuoclaeu 
R e:duct.ion of 01uohlaeu occur, almoat immediately after e;xpoaurt 
to radiation 
Osteocla,u inereaae in number and activity when expoud to 
radiation 
Solar particlH and galactic: c:o,mic radiatioD negaU"'·ely affect 
hematopoietic aum cell, (HSC). both directly and indirtttly 
• Direct: ge.netic change.a and alteration.a in cytokine expreuion, 

ruulting in dtcreaeed eell output from thut progenitor c:tlla 
• Indinct: .. Biological By■tander Effect" 
Meunchpnal i tem celli preferentially differentiate into adipocyt.ea 
inauad of myocyu.ii, oneoblaau, neuron.a, and chondrocytH 
Coa.mic radiation ia belie:ved to se-naitize: bone to the e:ff.-cu of 
mi.crocravity and their combined effecu are what lud to injury 
•nd bone lo» e ,-:perienced in epace 


