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Atrophy of Hind Limb Muscles in Tail Suspended Rats
Sqn Ldr JK Shrivastava , Sqn Ldr SS Mishra , Dr PK Banerjee’

The iall suspended Antl-Orthostatlc Hypokinetic
(ACH) rwt mode! wes esteblished and evalualed lor s
effivacy In simulating skeletomuscular deconditianing as
soan in rafs affer axposure lo sciual microgravily of space
fiight. Ten Wizter rals of more than 120 days of sge and
200 g of welght wore suhfecfed fo fall supeision for 15
daya with weight matched litter males acting ss » pair-fed
conirel. Both ADH and conlrel rals incurred significant
body weight loss durlng the experiment. AOH rats lost
more body weight compered lo controls esnd the
differonee botween the two groups became significant
slnee Gth day of suspansion. Atrophy of hind limb
muscles in AOH rats wous meassured Irom the differences
In muscle welght par 100 g of body welghr waight in
compirrison with the contrel. Qualilatively, the muscle
atrophy was slmilar ta that reported In previcus sludles:
sofeus with predominent entigrevity sclion showed the
largest  changes  (-23.5%, p<0.001), lollowed by
gastrocnemius  [-13.3%, p<0.005) while EDL,
prodominantly composed of fype I fast fibres, showed
minimum changes (-5%, p>0.05).

Key Words : Antl-orthastatle hypokinesia, disuse
atrophy, simulated waightlessness

Almphy of anti-gravity muscles is a weli
known consequence of long lerm space Tl+gr11
Suspansion hypokinesia ol rals resulls in muscle
atrophic changes comparable to those seen in the
weightlessness of space, as this model contains
the same crtical components as encouniered
during space flight, ie unloading ol hind limbs and
a cephalad fluid shitf®. Based on this principle, a
model of producing hundlumb unweighting was
developed by Marey- -Hofton® using tail suspansion
of rals. This model has popularly been called the
Anti-Orthostatic Hypokinetic [ACH) model.

Most of the studies with the AOH model
have reported either a normal rate of weight gain
or a reduction m the rate oi weight gain as a result
ol suspenswn 3 Boolh? pul forth the argument
thal if growing rals are used for such studies, the
difierence between actual alrophy and a mere
arrested growth may not become apparent and
has advocaled the use of non growing rais for the

studies on muscle atrophy.

The present invesligation was underlaken
with the object of establishing the tail suspended
AOH maodel in our laboratory using "non growing”
rals ol age above 120 days and body weight more
than 200 g and observing the changes in the
weights of Gastrocnemius{GN), Soleus(S0OL), and
External Digitorum Longus(EDL) muscles in
suspended rals vis a vis pair-fed controls.

Material and Methods

Ten pairs ol adult rats (Wistar) ol more than
120 d of age and weighing more than 200 gm
were used for this study. Litter mates weighing
within 5 gm of each other were selected as
gxpanmental and control pairs

The expermental rals were subjected 1o
hind fimb unhadmg by method described by
Morey-Holton®. Both AGH and control rats were
housed in Plexiglas cages of similar dimensions
(400 X 200 X 200 mmj. In AOH rals a nylon
thread was intertwined spirally over the lail and
fixed with adhesive lapa This nylon cord was
then ted to the suspension bar ensuring a head
down it of approximately 30°. A complete
mechanical unloading of the hind limbs was
achieved with the lorelimbs remaining in contact
with the floor to allow mobility in 360° and free
access to food, provided ad lib, as preformed
pellets{Goldmohur, Liplon India) in a shallow dish,
The conlrol ralts were pair-fed with the same
amount of food as consumed by the
comesponding ACH rat on the previous day.
Waler was provided ad lib to both AOH and
control rats. A daily record of food consumption
and an alternate day record of body weight of
both the control and ACH rats was maintained.

On 16th day, final measurement of body
weight was taken following which the rals were
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sacrificed under Urethane anaesthesia (USP, 19'Kg
1p). GN, SOL and EDL muscles were carefully
dissected oul and cut at the tendinous porlions
gaining prominence. The muscles were biotted dry
on a liter paper and weighed in a physical balance
lo the nearest mg. Studenls I test was used for
companson of various parameters between AOH
and control group of rats.

Resuits

Body Weight Changes and Feeding
Habits : Initial food intake in the AOH rals was
7.5 g per day for Ihe first two days. It fell lo 5.2 g
on the third day . There was a gradual recovery to
85 g on the 7th day and thereatier fluctuated
between 7.5 and 9 g per day for the rest ol
suspension period (Fig 1). However, the average
daily food intake during the suspension period
showed a lower value as compared to the
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Fig-1, Mean values of daily food inlake and body weaight in
AOH and pair fed control rats

average reported value of normal inlake of 10 1o
12 g per day for the adull Wistar rat®.

The rats showed a significant decrease in
body weight over the 15" days of AQOH SUSpension
(Fig 1). The mean body weight of 1ail suspended
rats decreased from 2425 1 29.4 g to 1812 +
10.4 g as compared lo 233.6 + 28.7 g and 198.8 ¢
17.2 g in control rats. The loss in body weight was
more rapid in ADH rals as compared to the
control group and this difference between the
body weighls of the two groups became
significant from day 6 onwards(p < 0.05).

Muscle Weight Changes: Table | shows
the weights of GN, SOL, and EDL muscles in
AOH and control rats after 15 days of suspension,
The weights are expressed as absolute values as
well as per 100 g ol body weight on the day of
sacrificing.

Tabie | Hind limb muscle weight changes in conirol
and AOH (m | sd, n=10)

Hind Limb Misslion
Paramatar Grouges SOL GH EM
Cantrod 1117 15230124 130 414
AOH Bt 10 11894 120 10 416
Muscio Wi
(mg) p <0 001 <000 « 1 04
%ehange  a21% 21 64, 13, 1%
Control 51 +6 01 +AD 60 14
Muscls wi ACH 39 04 BOF 476 57 46
(mgdg p <0, 001 < 006 h
bedy wi) % changa 28 5%, 12.0% 5%

The GN showed a mean weighl of 1523 +
124 mg in control rats as agains! 1194 + 128 gy
in AOH rals, the dilferences being highly
signilicant (p<0.001). The corrgsponding values
for SOL were 111417 mg and 7610 mg
(p<0.001) and for EDL 130412 and 112 111 mg
(p<0.05) respeclively. Muscle weights expressed
in mg/100 g body weighl were 701+69 in control
and 607+76 in AOH rats for GN {p<0.05), 51+6
(contral) and 39 14 (AOH) for SOL{ p<0.001) and
60+4 (control) and 57+5 (AOH) for EDL {p=>0.05).

Discussion

The AOH rat model has been used to
mimic changes in skeletomuscular syslem as
produced by space flights wilth increasing
frequency. Most authorities agree that the
changes in AOH rmt in physiological,
morphological and biochemical characteristics of
muscles credited with weighl-bearing function are
similar to those seen in rats flown aboard
biosatellites®®

The muscle atrophy seen in the AQH
model could be due to either disuse brought about
by hind limb unloading, or may be the result of the
stress of suspension procedure iself*®.  An
absence ol change in food habils and
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maintenance of body weight or rate of gain of
body weight have generally been accepted as
mrcamrs of animal's lolerance to the experimental
stress”. Wronski and Morey-Holton® observed that
42 day old ralg of average weight of 130 g subjected
fo tal suspension showed a rale ol weight gain
comparable to that of control animals.

In the present sludy, lhe observed rapid
loss in body weighl can be aftributed 1o a reduced
food intake in the Initial 3-5 days (Fig 1), since
similar changes were noticed in pair fed controls
Subsequent  increase  in food inlake was
associaled with a relalively lower rate ol reduction
in body weight in both the AOH and pair fed
conlrol rals. However, from the 6th day onwards,
the ADH rats showed significantly lower body
weights as compared 1o the contral rals lor he
resl ol the suspension period. In some of the
sludies on growing rats, a reduction in the rate of
weight gain in AOH raTs as compared to control
rats has been reported”’ . However, absolute loss
ol waight was not reported in these studies excom
in the initial few days of. acclimation 1o
suspension, where it was attributed to low lood
intake and dehydration’. Flynn and Max®
observed only a marginal reduction in welght in
ADH rats after two weeks of suspension. Jaspers
and Tischler® have reported a signilicant
difference in the weights of suspended and
control animals by 7th day of suspension, which is
in good agreement wilh the present study. Thay
observed a normal growth of suspended animals
only in those with initial body weight below 200 g.
With larger animals they observed an actual loss
of body weight by 10-20 g in the first 8 days The
absolite body weight loss as seen in the present
sludy may be due to The usz of ‘'non growing’ rats
above 200 g of weight®.

In  humans subjected to simulated
weightlessness by 30 day bed rest, Converlino et
al have reported a continuous significan! loss of
body weight with a large reduction seen in the first
four days and a smaller and more gradual
reduction Ihmugmul lhe remainder of the bed
rest peruud Though the magnilude of body
weight loss observed in the present animal model
was much higher {253%) as compared to the
values reported by Converlino et al for human

subjects (3.2%), the temporal patlern of weight
loss had striking similarities in the two studies.
Also, 3.8% loss in absolule body weights were
reported in Skylab 2 astronauts in 28 d mission .

In the present model, all the hind limb
muscles  sludied  showed  significant  alrophy
following 15 day AOH suspension when
expressed In terms of absolule muscle weights.
The greatest dilference from control rats in
absolute weight was seen in SOL (32.1% .
p<0.001) tollowed by GN (-21.6% , p < 0.001) and
EDL (-15.1%, p< 005). However, when (he
muscle weighls were expressed in ma/100 g tinal
body weight, which is a more appropriate
expression of muscle weight changes in
mrmmstames where whole body weighl may
change AOH rats showed a highly significant
difterence compared 1o controls for SOL { -23.5%.
p < 0.001), also a signilicantly lower value for GN
(-13.3%, p<0.05 ) with EDL showing no signilicant
difference (-5%. p= 0.05). These lindings are in
general agreement with values reported earlier on
tail suspended AOH rals. Morey-Hollon and
Wronski® have reported a 40%, 20% and 5%
lower values for welghts of SOL, GN and EDI
respectively per 100 g body weight in AOH rats as
compared to controls. Mussachia et al'' reported
a significantly lower value for the weight of
soleus(42% less than control), as against 10.5%
lower value compared to control for GN. While
both these diterances were significant, EDL did
not show a significant difference from control,
Jaspers and Tischler also reported 5|mnar exlan
of changes in the above muscles”. Rats flown
aboard Cosmos-936 showed -35%, -20% and
-15% change from control for SOL, GN, and EDE
respectively per 100 g of body weight’.
llyna Kakueva reported an average post flight loss
of waight in SOL by 32% and EDL by 12% as
compared to contrals 2

From 1the foregoing discussion, it is
apparent that soleus, an anligravity muscle wilh
predominance of slow twitch fibres, is most
senously affected in all the experimental
conditions ol hypokinesia’hypodynamia cited
above. On the other hand, EDL, a predominanily
fast twitch muscle, shows the minimum atrophic
changes, while gastrocnemius, a mixed fibre
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muscle, shows an intermediate degres of lissue
loss.

It seems that the use of "non growing"™ rals
above 120 day of age and more than 200 g o
weight in the present study was responsible for a
ditterent whole body weight loss paltern seen on
AQH suspension, as compared (o the studies with
younger rats of lower body weights used.
Nevertheless, the muscle atrophy seen in our model
is essentially comparable wilh those seen in AOH
models and space-flight experiments using younger
rats of lower body weight. Also, the temporal feature
of body weight loss seen in this study was more kke
the pattern reported for human subjocts Lpon
weightlessness simulation by bed rest

It is concluded that AOH model as tollowed
in this study is a valid simulalion analogue of
skelelo-muscular decondilioning of hypogravily
Stil, in view of a greater magnitude of whole body
weigh! loss observed in the present set up, there
15 a scope ol further evaluating the experimental
condition towards reducing the  owverall
stressftirauma of the experimental procedure.
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