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Effects of 2 hour weight support during simulated
weightlessness on contractile properties of hind
limb muscles
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Anti arthostatic hypokinetic posture fn rats by
tafl suspension stmulates the deconditioning
effects of weightlessness on the skeletomuscu-
tar svstem. It resalts in decrease in mass and
contractile function in the hind limb muscles,
The present study evaluates the effecis of 2
heur (h) daily weight support (WS) during
simulated weightlessness condition in reducing
ihis atrophic response. Adull male albine rats
were divided into three groups: (1) control (2]
hind limb suspended for 15 days (HS) and (3)
HS with daily 2h WS [(HS + WS). The HS
group showed signifivent reductions in the
weight of GPS muscle (gasirocnemius— plan-
taris=selens) anrd itx contractile praperiies,
viz., peak ivometric rwitch fepsion and peak
isometric  {etanps  strenpith. The HS + WS
group showed completed reversal of values for
hath the confracile properties af GPS and
significant improvement in 'S weight. These
findings indicate thar Z h daily W5 during
simulated weightlessness results in ameliora-
ron of funcrional afrophy in GPS muscle.

Keywords: Twiich tension, tetanic tension, fi-
bre type population; hind lmb suspension, atro-
phy, fast and slow muscle,

P relonged space mission and confinement in
space cabin bring aboul lunclionul chunyes
in various systems of the human hody ineluding
thsturhances in the muscular syvstem. Hind limhb
unweighing (HU) by tail |1] or harnigss suspen
sion [2] has proven o be useful ground based

animal model w simulate the effects of weight-
lessness un museuloskelelal system. Weighl
lesaness, prodoced by space Mgehl or HU doey
nat affect hindlimb muscles equally. Muscles,
characterised by a tonic activatiion pattern gand
compaosed predominantly of slow axidative hi-
bres (lype 1) are affected to the greatest degree
13]. Thus an order of responsivencss to de
creased weightbearing 1s observed within the
muscles of the rmt hindlinb [3-0). Muscles
serving i oan antigravity role as soleus (83,
plantaris (P) and gastrocnemius (G ure allecled
to a gredier cxicnl (han the muscles nol serving

an antigravity role as extensor digitorum longus:

(LEIL) and tibiadis anterior (TA). This differen-
trial effect also can be seen in fibres that stain
frght (slow twitch) vs those that strain dark (Fast
twitch) for myosin ATPase at an alkaline pH.
For example, the cross sectional area of light,
ATPase fibres in the 5 appear to be more sensi-
tive lhan the dark ATPasc [ibre to bolh HU
[7.8] and space flight [%]. This atrophy repre-
sents A serious health risk for lang duration
space missions and results in decrease in the
amount of endurance capability [10]. [ is feared
that the effectivensss and safety of extra vehicu-
lar activities a5 well as the strength and ability
1o mamniain gnid operate spaceerall muy be com-
promised. The concern pencratcd [rom these
data, in part, have lead to the addition of a small
amimal centrifuge to the space slation so that the
effectiveness of countermeasures studies and
uther gravity reluled experiments can b deler-
mincd [11]. Thorelvre, it is imporabive o see
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the effectiveness of intermittent weight support
(W5} as 0 countermeasure Lo simulaled weight-
lessness on carth and also obtain sulficient level
ol data and expertise in preparation for the ex
pensive and realistically infrequent space based
animal centrifugation experiments. Recently, it
has been shown that the mass of § can he
maintained if the rals were removed from non-
weight bearing and subjecied 10 WS for 4 times
a day (d), lasting 10 min each [B.12,13] ‘T'o
apply it as a counter measure for muscular de
conditioning 1n space, ostronauts will be re-
guired w0 undergo gravity cxposure for number
of times in a day and thus spending much more
Hme in preparing and coming out of centrifuge,
out of a limiled time available duning actual
SPace misLion.

We hypothesised that full 24 h WS is nol
necessary in the mointenance of normul muscu-
lar Functions of antigravity muscles and proba-
Lly one Ume 1 gravily cxposure by simple WS
lor few houors (h} per d in hind limb suspended
(HS) rat mode] may be an effective countermea-
sure for muscular deconditioning in HU rats,

Material and methods

Adult male albino ruls, aged 4 months o R
months and weighing above |50 g were selecied
from the breading cages of our own laboratory,
Rats were assigned randomly to one of the fol-
lowing 3 groups; control (CON, n=12), HS
(n=22) and HS with daily 2 h WS between
1000 0 to 1200 h (HS + WE, n= 11}, Rals rom
each group were housed individually in identi-
cal, 45 »x 45 x45 cm, suspension cages with
food (pelletted, Gold Mohur feed) and water
proevided ad libitum and were allowed 1o oaccli-
matise there for 7 d. Aflter 7 d of acclimatization
CON rals were continued o be maintained
the cages for another period of 15 d without any
further treatment while HS and HS + WS group
rats. were subjected to HU for 15 d by tail sus-
pension method [1,14]. HS + WS rals were re-
leased from tail suspension und allowed to bear
their weight for a period of 2 h daily during
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their HIL Rals were checked daily for signs of
tail lesions ar discaloration, unusual breathing
patterns ar undue discomfort. An animal ex-
hibiting any of these symptoms was immedi
ately removed from the study. Their daily feed
intake and body weights (BW) were also re-
corded

At the conclusion of 15d, the rats were
anesthetized with  pentobarbital  sodium
(50 mg/keg BW, ip) and GPS muscle with its
seianie merye was exposed [4] The GBS musele
was dissected free of surrounding tissues. The
caommon tendan of the GPS muscle was re
moved from the calcaneus. Amimal and s dis
sected [imb was secured at knée and ankle to
the dissection tray with the help of pins leaving
behind GPS muscles. GPS tendon was attached
te foree transducer (Recorder and Medicare,
Chandigarh) in a horizontal position with the
kelp of noncompliant silk thread (4-0), A bipo-
lar stimulating electrode was antached to the
selatic nerve. Kreb’s solution, maintained at
37°C, wus lrequently pourcd on the cxposed
muscie nerve preparation during whole of the
procedure. Paak isometric twitch (Pt) of GPS
muscle at its optimal length was elicited by ap-
plying supramaximal (1.2 ms square wave pulse
from an Electronic stimulator (Recorder and
Medicare, Chandigarh) to sciatic nerve. Three
such twitch conlractions were recorded  at
30 mmisec  maving  paper on  palygraph
{Racorder and Medicare, Chandigarh), ‘Then
peak izomerric (2tanic contraction (Po) was
elicited by 0.2 ms, supramaximal pulses at 250
Hz for a peried of 2 sec [14,15). Thiee such
maximal tetamic contractions were recorded al
| mmisec moving paper. Best of the curves wera
selecied for calculating Pt and Po, After comple-
non of recording, GPS muscle was excised from
limb. freed from all the ussues, dried by blotting
paper and weighed. GPS weight was also ex-
pressed as g/100 g of BW. Stwdenl's unpaired 1
lesl wis wsed lo compare means of various pa-
rameters of HS and HS + WS group with CON,
In all cases, the level of significance was set as
P<0.0l.
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Table 1. Effect of 2 hour weaght support during simulated weightleasness on contraciile
properties af hind limb muscles

Charneterishics CON MY Difference HY + WS Nifference
fm= i4) fn=22) (CON-HS) fn= if] LN
HY + WX)
Body w (g 197 172 12.7% 1KY -1.6%
CPS wi [mg} 1230 L] R L Q85 | EF 4 5%
+ 185 + 132 i k144 Lo
Gi's wi (mg! 632 AT3 20.3% 518 =18 7%
I0HE gHw) t 57 + 56 il t 4l i
Prig) B8 56,5 13.5% 5.2 -11.4%
+ 10.2 +11.8 sss £ 164 M
Polg) 1264 459 24.1% 1258 —0.6%
1172 200 LuF +17.3 MS

Values are mean + 80 = number of rats, CON = control; HS = 15 days hind limb
suspended, HS + WE = 1S plue 2 hour daily weight suppon, GPS = gasiroonemiuy-
plantaris soleus wmusele: Pi= peak isometric twiteh tenslon, Po = isametric tetanus

strength; ***
mficant, BW = body weight

Results

The mean BW of CON group increased by 9.8%,
while HS and HS + W5 group showed reduction
in the BW by 10.3% and 6.7% respectively
during |5 d sudy. Average food intake for
CON group was 14.3 g/d duning the study while
115 and HS-WS group consumed 21% and 12%
less than the Con group.

In agreement with previous reports [4,5,16-
18] HS group showed atrophic changes in the
poslural antigravity GPS muscie (Table 1) GPS
weighi when expressed per 10{) g BW reduced
by 2008% in HS group as compared to CON. HS
group alse showed reductions in PL and Po
when compared with CONM. HS + WS group
althvugh showed reduction in GPS weight by
16.7% ax compared to CON bur Proand Fo wers
nit found significantly decreased from CON.

Discussion

Reduction in weight bearing activity resulls in
considerable changes in normal muscle struc-
ture and funclion and severity of these effacts is
dependent, at least in part, on the normal func
Lon of muscle. Generally, muscles having
strong antigravity function such as ealensors
(GPS) are affected to o greater degree than

20

significantly differant from control by ( test [P e 01), N5 = Not uLg-

those muscles having lexs of an antigravity
function, such as the fAexars (BEDL and ‘TA),
Further, within the cross section of a muscle,
the effects of unloading appears to be related to
both the region of the muscle and to the type of
fibre, f.e., fibres in the deep (close to the bone)
areas are more affected than fibres in the super-
ficial areas, and fibres thal stain lightly for my-
osin ATPase, alkaline pre incubation {pre-
sumably slow Ohres, Type |} are more affected
than [ihres that sirain darkly (presumably fast
fihres, Type 2) [6,19].

The 5, P, and G muscles are synergistics.
They are primary ankle extensors. bul they have
very different type of [bre composition and
rccruitment patterns. The 5 15 composad pri-
marily of slow twitch fikres [7.20], whereas G
and P are compaosed of a mixtre of fibre types
and has predominantly fast twitch Fibves |[19].
The GPS, as a whole, s predominantly [ast
twitch fibres (06%) on a Nbre muss basis [4]
and because they have the greatest capahility
for isometric tension production, accaunt for 80
to B5% of the total GPS tension development,
Functionally S is pnear maximally activatel cven
during simple W5, whereas G and P hecome
highly sctive only when high activity (and pre-
sumably, force) demands are required [21],

ind, £ Aerospace Med, 39(2) 1963
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HS group showed decrease in GPS weight
by 3.9% when compared with CON. When
GPS weight was expressed per 100 g BW it was
still found 20.8% less than CON. As OPS iy
primarily anligravity muscle, its weight loss on
HS can be well explained by the mechanism of
disuse atrophy, due to nonweight heaning by
hind Timbs during HU, HS group also showed
reductions in ™ by A3 5% and Po by 24 1%
When reductions in PL and Po was seen along
with reduction in GPS weight, i was observed
thot contractile parameters decreased  almos
i the same proportion as redustion inoweight of
muscle, These results imdicme equal struciueal
and functional wtrophy of anopraviy muoseles
during  simulated probably
invnlving both fast and slow watch fibres. This
theory: has the support in the findings of Bell
Gordon and Thomas er af |22] who observed
reductions 11 the no. of mitochondria in both
slow and fast type of Obres duning aciunl space
fight.

HS + WS group also showed reducnon in
GPS weight when compared to CON but s
magmiuvde was less than the HS group, When
conraclile parameters were compared among
HS and HS + WS group, it was obscrved thut
although GPS  weight was 159% more in
HE+ W& group, Pt and Puo were found 1w he
33.1% und 30.9%, respectlively, more in
HS + WS group. Whan Pt and Po of 115+ W8
group were compared with COMN, Prwas 11.3%
lesz in 118 + WS eroup. although i1 was not sta
tistically significant. Po in CON and HS + WS
was found to be same, These findings indicale
full functional recovery in GPS muscle inspile
of spme decrease o is weight by giving dutly
2h WS during 15 d of HU i ras.

weightlessness

Whether this reduction in weight of GPS
during HU is also contributed by reductions
connuclive Gxsue or Muid change< in the mus-
¢les, remaing (0 be answered and if 1t 15 o then
we ¢an conclude that 2h ‘WS was sufficiemt i
preventing awrophic changes of both slow and
fast twitch fibres in antigravily muscles bul nol
enough ol preventing conneclive tissue or fuid

T, JoAeroxpace Med, 3N 25 1925
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changes of musele. Probably increased pueriod
of WS and/or some pertod o caercises muy
prove wselul o preventing the musels waeight

foss mlsn,
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