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Abstract
Many workers had reported seasonal changes in ithleglral activity of various classes of
animals including reptile Uromastix hardwickii. Hewer, the effect of season on tensjon
generation ability of immobilized reptilian skeletauscles is not available in the literature.|In
this study we observe the response of Imb. Gastraars (Gas) muscle of Uromastix hardwickii
to the seasonal changes in terms of its mechad@ahcteristics and tension generation abllity
were obtained from control and Immobilized. Gasterius muscles demonstrated significant
rise in both twitch and tetanic tensions from wir(f@ec) to peak summer (Jun) which then fall
significantly till the second winter (Dec). Bothrdool and Immobilized muscles represented a
rise in their average values of %P°/mS from wirjzec) to peak summer (Jun) and a fall again
till next winter but statistically this change wiaind significant only in Immobilized muscles.
Whereas, significant reduction in twitch peak dioratwas demonstrated by both control and
Immobilized muscles from winter (Jan) to peak sumf(den). However, values of twitch peak
duration demonstrated a rise again as the seasam@ab towards hot and dry month of Octobel2
Statistically this rise was found significant ority control muscles. Our study indicates thatg
Uromastix is capable of resisting immobilizatioMB) induced effects by the help of seasopal ~

changes in the environmental temperature duringngmbut during winter it remained under 8

the influence of plaster cast Immobilization ashasl season (hibernation) that results in greateg
reduction in its tension generation ability. °©
Keywords: Immobilization, Uromastix, Skeletal muscles, Season, isometric tension -5
parameters. e
Introduction biochemical changes related to skeletalg
Effects of season on the different biological muscle mechanics in general and ing

activities among various classes of animals particular to the immobilized (Imb) skeletal
have been reported extensively. However, muscles. Significant changes in the
there is scarcity of literature regarding contractile properties of skeletal muscles ofS
seasonal effects on the physiological and Uromastix hardwickii after 20 days of E
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plaster cast Immobilization (IMB) have been
reported (1). Anatomical and contractile
characteristics of Sartorius (Sar) and
Gastrocnemius (Gas) muscles of Uromastix
have also been established(2).In another
study on Gas muscles of Uromastix (3) a
significant rise in the twitch and titanic
tensions from winter to summer was
observed. Later, the seasonal dependency of
skeletal muscles of Uromastix hardwickii
has been confirmed(4) when they studied the
morphometric and contractile properties of
Sar and Gas muscles during winter and
spring months of the seasonal cycle.
Recently, soomro et al (5) working on the
skeletal muscles of reptile Uromastix
reported a significant rise in the average
values of threshold potential, after potential
and in its duration during summer compared
to winter. Some studies are also available
demonstrating seasonal effects in various
activities of Uromastix like, variation in the
testes size, changes in the body weight,
changes in the plasma and muscle
electrolyte concentration and changes in the
lipids of adipose tissue (6-9). However, an
important aspect, which is not given much
consideration, is the effect of season
(temperature and environmental changes) or
hibernation (dormancy) on the muscle
disuse atrophy of skeletal muscles. In this
regard of the available literature, majority
investigated the mammalian skeletal
muscles and ignored the other classes of
animals like amphibians and reptiles.
Considering these Beth et al., studied the
effect of 9 months aestivation on the muscle
morphology, fiber  morphology and
isometric properties of Sar and lleofibularis
muscles of the Frog Cyclorana albaguttata
(10). Earlier (11) reported a decline in the
metabolic and locomotor activity of the
regular hibernators because of season-
associated changes in the environmental
temperature and available resources. Further
it has been proposed by (12, 13) that during
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hibernation the animal relies for its energy
needs primarily on the stored lipids with
proteins fulfilling the additional energy
demands. As such it has been proposed that
the hibernation-associated atrophy of the
skeletal muscles is because of catabolism of
muscle protein as an energy substrate
(14,15,16) and down regulation of protein
synthesis during this period (17,18,13). The
lizards have a special ecological diversity
along with the quality that repeatable
measurements of sustained activities alter
their various properties within a very
negligible range. The reptile Uromastix
hardwickii is a winter hibernator that
maintains maximum contractile activity of
its muscles even above 40C. It also showed

hibernation-associated changes in the
physiology and biochemistry of its
organism. In addition this animal has an

specific property of resisting IMB induced
morphometric changes in its skeletal
muscles as reported by(1). He observed no
significant change in the morphometric
parameters of any of his experimental
muscles after 20 days of plaster cast IMB
except stretched and flexed lengths in Gas
muscles. As such this animal provides a
fascinating model to study the effects of
season and temperature changes on the
muscle mechanics. However, this lizard is
among one of those animals that has been
studied scarcely for the season and®
environmental temperature effectsQ
particularly with reference to the contractile
behavior of its skeletal muscles during&
. O
different parts of the seasonal cycle underg
normal conditions in general and Imb £
conditions in particular. Present study wa
therefore designed to investigate the effectsgy
of season and environmental temperaturéﬂ
changes on contractile properties of theo
skeletal muscles, that whether the seasom
and temperature associated changes in t
physiology and biochemistry of this animal S
is able to resist the 20 days plaster cast IME]

=
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induced changes in the muscle activity or
not and also to study the extent of effects
produced by the seasonal and environmental
temperature changes on the control and
Immobilized muscles is same or different.
Materialsand Methods

Fresh animals of both the sexes weighing
250-500 gms were used in all experiments
within a week as, change in the season
(temperature) is reported to alter their
activity(3). In the laboratory, animals were
kept at room temperature (25C).Experiments
were performed during different parts of the
seasonal cycle from Dec. to Dec. According
to the standards of International Animal
ethics Committee 1ml 2% Xylocaine was
injected in the Gluteal muscles prior to the
application of plaster cast to the left hind
limb(1). In- order to immobilize the Gas
muscle in stretched position cast was applied
from hip joint till phalanges keeping the
knee in stretched and ankle in flexed
position. Right hind limb was used as
control(1). At the end of 20 days of IMB
both the Imb & Cont muscles were isolated
and kept in reptilian buffer solution (25C).
Isometric twitch and tetanus were then
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recorded on  oscillograph  (Harvard
apparatus, U.K.) from both Imb & Contr
muscles. Later, these records were used for
the measurement of isometric tensions, rate
of rise of tension in tetanus as percent of
maximum tetanic tension (%P°/mS) and
twitch peak duration (4).

Results

Isometric Tensions

Average values of isometric twitch and
titanic tensions obtained from the Cont and
Imb Gas muscles showed minimum values
during the peak winter month of
December(Dec) Fig.1 &2. However, as the
season advances towards the late winter
month of January (Jan), spring month of
February (Feb) and early summer month of
March (Mar) both the Cont and Imb Gas
muscles demonstrated a gradual rise in their
average values of twitch and tetanus
reaching to the maximum during the peak
summer month of June (Jun) Fig.1&2.
Statistical comparison of the average values
of isometric tension parameters obtained
from the Cont and Imb Gas muscles
between winter Dec and summer Jun has
demonstrated highly significant.

9z 8
o S o =

Seasonal Months{Dec--Dec)

Figure 1: Effect of season on Isometric twitch Tensions obtained from 20days | mmobilized&
Control gastrocnemius muscles of Uromastix har dwickii
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(P<0.0005) difference being 31 and 38% for
the twitch and 37 and 40% for the tetanus in
Cont and Imb muscles respectively Fig.1 &
2. Later with the arrival of late summer
August (Aug), hot and humid September
(Sept) and hot and dry October (Oct) a

gradual and statistically highly significant
(P<0.0005) fall was observed in the average
values of twitch and tetanus in both the Cont
and Imb muscles being 34 (Cont) and 52%
(Imb) for twitch and 28 (Cont) and 27%
(Imb) for tetanus respectively. Fig. 1 & 2.
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Figure 2:Effect of season on I sometric tetanic tension obtained from 20daysimmabilized 7
Control gastrocnemius muscles of uromastix hardwickii

%P°/mSec The average values of
%P°/mSec. obtained from the Cont and Imb
Gas muscles are presented in the Fig.3. The
Cont Gas muscles demonstrated a highly
significant (P<0.0005) fall of 22% from
winter Dec to the spring month of Feb
(Fig.3). However, with arrival of early
summer March this parameter showed a rise

reaching to its maximum value during peak
summer Jun. However, these average values
of %P°/mSec. obtained from winter Dec and
summer Jun when compared statistically
showed a non-significant (P>0.05)
difference being 23% higher in the month of
Jun (Fig.3).
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Figure 3: Effect of season on rate of rise of tension in tetanus as per cent of maximum
tetanic tension (% PO/mYS) obtained from 20days I mmobilized & Control Gastrocnemius
muscles of Uromastix hardwickii.
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During this part of the seasonal cycle the
Imb muscles on the other hand showed a
gradual rise of 97% in their average values
of %P°/mSec. Which is statistically found to
be highly significant (P<0.0005) when
compared between winter Dec and summer
jun (Fig.3). With further advancement of
season towards the hot and dry month of Oct
both the Cont and Imb Gas muscles showed
a reduction of 28 and 58% respectively in
their average values of %P°/mSec.
However, statistically this difference in the
average values of %P°/mSec. Between
summer Jun and hot and dry Oct was found
significant (P<0.005) only in the Imb
muscles (Fig.3).

Twitch Peak Duration (TPD)

The average values of TPD obtained from
the Cont and Imb Gas muscles (Fig.4)
demonstrated significant (P<0.05) and

(P<0.005) rise of 10 and 15% respectively
when compared between peak winter Dec
and late winter Jan (Fig.4). Later with the
arrival of spring and early summer both the
Cont and Imb Gas muscles showed a fall in
their average values of TPD reaching to
their minimum level during peak summer

Jun (Fig.4). Statistically this fall in TPD

between late winter Jan and summer Jun
was found to be highly significant

(P<0.0005) being 46 and 42% in the Cont
and Imb Gas muscles respectively (Fig.4).
With further advancement of season towards
the hot and dry period of Oct both Cont and
Imb Gas muscles showed a rise of 57 and
11% respectively in their average values of
TPD. However, statistically this difference

between summer Jun and hot and dry Oct
was found highly significant (P<0.0005)

only in the Cont Gas muscles (Fig.4).
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Figure 4: Effect of season on Twitch Peak Duration obtained from 20days | mmobilized & Control
Gastrocnemius muscles of Uromastix har dwickii.

Discussion

The reptile Uromastix hardwickii is a winter

hibernator that shows maximum activity

during summer and becomes slow and
sluggish during winter(19). The body

temperature, metabolic and neuroendocrine
activity of this animal have been reported to
be at their maximum during summer(20).

Uromastix also represent variations in the

Faroog S. N.et al., Med. Res. Chron., 2015, 2 (1), 135-147
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contractile properties of their skeletal §
muscles with the change of season asi
reported by(3). They observed a significanp
rise in the twitch and tetanic tensions©
obtained from Gas muscles from winter t0g
summer. In present study our Cont and Imbg
Gas muscles also showed minimum value$
of twitch and tetanic tensions during _8
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winter(Dec.)and maximum values during

summer (June) Fig.1 &2.

However, the purpose of this study was not
only to investigate the season associated
changes in the contractile properties of Cont.
and Imb. muscles but also to highlight and
confirm that, this animal is capable of

resisting plastercast IMB induced effects on

the contractile properties of its skeletal
muscles with the help of season associated
changes in the physiology and biochemistry
of its organism. As such we analyzed the
effects of IMB as percent(%) of control for
all parameters and present them in table 1
and Fig.5,7,8.
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Figure5: Isometric Twitch & tetanic tensionsImmaobilized % control obtained from Gastrocnemius
muscles (Imb.) of Uromastix har dwickii

The effects of IMB as % of Cont. for
isometric twitch and tetanic tensions
presented in Fig. 5 showed stronger effect of
season on tension generation ability of our
Imb. muscles during winter period of Dec.,
Jan., Feb. and hot and dry month of Oct.
compared to the summer month of Mar.,
Jun. and Aug. with particular reference to
twitch tension (Fig.1).

In our opinion this reduction in the tension
generation ability of Immobilized muscles
during winter is the result of reinforcement
to the IMB induced changes by the
depressed metabolic activity (19), depressed
ionic contents and their fluxes (4), decreased
enzymatic activity (22) and decreased
environmental temperature that is found

Faroog S. N.et al., Med. Res. Chron., 2015, 2 (1), 135-147

during this part of the seasonal cycle.
However, an increase in the metabolic and
enzymatic activity(23,24) with the arrival of
summer helps the animal to resist the IMB_,
induced effects on its muscles and as su
the difference in the tension generationN
ability of Cont. & Imb. muscles get reduced qw;
compared to winter (Fig.1-2). However, g
greater reduction in the tension generationg
ability of Imb muscles during hot and dry £
period of Oct. can be explained on the basi®
of decreased utilization of energy by thed
. . . . O
Uromastix during this period because}
according to (25) during this part of the §
seasonal cycle Uromastix prepare itself for&
the hibernation by building energy reservesg

in terms of increased fat deposition. Also;‘é

0
=
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during this period Uromastix reduces its
overall activity in general and of its skeletal

Table 1

muscles
locomotion.

in  particular

by

restricting

Average and Immobilization percent control values of Isometric twitch and tetanic tensions, %P*/mS and Twitch Peak Duration obtained from control and 20

days immaobilized Gastrocnemius muscles during different periods of seasonal cycle. Values are given as Mean £ 5.E.M. Figures in parentheses represent the

number of muscles used.

Seas. period Twitch Tensions Tetanic Tensions %P imS Twitch Peak Duration
Control Immob | Imb.22 Cont.| Control Immob  [Imb. >Control Control Immb. Imb.22 Cont. | Control Immob. Imb.3 Cont.
043:0.024 | 03070022 0612 0.044
December M M E2.E83 0.761 0,042 (1) M a0.42 4792 0.24 (1) | 0157 0.070 (1) 3276 20183 0.81(8) | 19073:0.74(3) 3276
January 0'50::20]'033 0'3??1:2?'022 B2.395 0.92: 0.052[12) 0'69?1:2?'032 75.87 3.846: 012[12) 15832 0.164 12) HiE 2319 0.4 [7) | 219742 046 (7] M1
Feberuary U'SSE]&UZ 0'43:;;|'U21 EY.737 0'38?[;]0'033 IJ.?S2[:I]EI.U3S 77204 378012 [12) [1.708+ 0.216[12) 46132 20.756: 0.52 [11)| 19593 0.93 (3] 46132
March D022 | D5620.029 .04 1063 045 | 0.835: 0.079 47465 4,751 036 [10) | 4.155¢ 0.87 [10] 47,455 1662 073 (10) | 138 106 [8) 47.455
] [10) 10 10
June 0'?1E12']033 0'58?1:3?'029 8286 1.2: 0070 [13) 1'01?;;]'05? 2475 E15: 0.89(13) | 5.519: 0.88(13) 29.74 13162 062 (1] | 12606x 0.6113) 974
August 0'589[:?]0'034 0'518[??'05? 87.945 10282 0067 [7) U'SSEE;]UJ% §7.082 3336+ 0.74[5) | 2857 057 (6] THE4E 16.48: 1.00(5) | 1251 0.F2[4] THR4E
September 0'549[1]0'043 0'42?[1]0'058 T 0.766+ 0.077 [4] 0'599[:_]0'081 45,426 B64: 055 (4] | 3324105 [4] B4.291 28T 333(3] | 22927 167 (3] 64.291
0.558: 0.045 | 0.374:0.035 10.745: 0.054
Dctober i#) ) EY.028 0.8642 0.060 (5] ) 86227 4466 0162 (9]) 2.349: 0,25 (8] [y 20558149 (8] | 4073172 (8] BRAT
December 0'49[2“0]'024 0'302?1]0'022 B2.E63 0781 0.042 [11] 0'312[2“?'044 8042 4792 0.24 [11)] | 0157« 0.070 (1) 3278 21133 0.81(8] | 19073« 0.74(8) 3276

Another possibility that helps this animal to

resist the effect of

IMB on

its muscles

during summer is its way of movement
during different parts of the seasonal cycle.
According to_Azeem (4}his animal moves
by crawling during winter and walking

during summerHe also proposed that, Gas
is not actively involved in crawling but is
included in more active muscles during
summer, helping the animal to raise the

body above the hot desert sand whil

standing and moving above the ground.
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As such this muscle is able to attain the
required resting length to generate
maximum force during summer while fails
to attain it during winter. This possibility is
also supported by our results of stretched,
flexed and resting lengths (Fig.6,tab.2).that
shows significantly higher values of these
parameters during summer Jun. compared to

Table 2

winter month of Jan. Further it is to be noted
that, our Gas muscles inspite of significantly
higher values of muscle weight during
winter(tab.2) develops lesser isometric
tensions compared to summer. This suggests
that, for Gas muscle instead of muscle
weight, muscle length played a dominant
role for tension generation.

Average values of muscle weight,stretched,flexed and resting length obtained from control and 20days
immobilized Gastrocnemius muscle during winter month of January, summer month of june and hot and dry
month of October.Values are given as Mean £ 5.E.M. Figures in parentheses represent the number of muscles

used.
Seas.Period muscle weight Stretched Length Flexed Length Resting Length
Control Immaob Cantrol Immaob Control Immaokb Cantrol Immab
1023 BB+41.22 | 1000.16244 46 | 2.B3x0.05 2.84:0.05 2.61x0.05 2.61x0.05 5.080.05 3.17:0.05
lanuary (11} (11) (11} (11) (11} (11) (11} (11)
B4R 7424745 B27.07+47.12 250004 3.02:0.04 2674004 2.7820.03 3.30:0.04 3.2520.04
lune (16) (16) (16) (16) (18] (16) (16) (16)
1073 2520 58 996 805 63 301004 3.0520.03 2179105 B30T | S.O0VIXD05 3.1020.06
October (8 (8 (8 (8 (8 (8) (8 (8)

However, our results of effect of IMB as
percent of control for tetanic tension
demonstrated more or less same difference
during winter and summer seasons
representing a weaker effect of season as
compared to twitch tensions. This difference
may be because of the activation of greater
number of muscle fibers as a result of tetanic
stimulation even in the Imb state thus
leading to greater generation of tetanic
tension. Earlier this kind of recruitment at
lower temperatures has been demonstrated
by (26) in frog muscles. Faulkner et al (27)
also reported motor unit recruitment in
mammalian skeletal muscles during winter
as a compensatory mechanism to increase
muscle force. It is to be noted that, during
winter our experimental muscles are under
the influence of two types of IMB an
experimental plaster cast and the other
season (hibernation) induced IMB. It is

Faroog S. N.et al., Med. Res. Chron., 2015, 2 (1), 135-147

therefore possible that during winter single
twitch stimulation may get failed to activate
the contractile component effectively against
the non-contractile component leading to
lesser rise in tension while recruitment of
the muscle fibers during tetanic stimulation
produces an effective action against the non-
contractile component thus leading to highet?

generation of tension. o

o : N
It is interesting to note that, our 5
experimental muscles demonstratedo

significantly lesser tensions during winter in-&
spite of significantly higher values of TPD o
(Fig.4). This suggests that during this part ofs
the seasonal cycle the ionic fluxes through

sarcolemma and enzymes involved for cros$
bridge interaction were decreased to such ag
extent in our experimental muscles that everf
higher values of TPD were unable tof
increase the significantly reduced tension$§
(4). Decreased tension generation by ours

=
142
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experimental muscles in presence of higher
values of TPD during winter may also be the
result of slow rate of cross bridge cycling for
interaction between actin and myosin

filaments in these muscles. Further this slow
rate of cross bridge cycling may be the result
of decreased myosin ATPase activity in
these muscles during winter.

120
100 -
80

Twitch p. Dur.

)
£
c 60 -
0
% 40
3 20
0
-20 - .
FPrEF PP & &E

Seasonal Period (Dec--Dec.)

Figure 7: Immobilized % Control values of Twitch Peak Duration obtained from Gastrocnemius
muscles (Imb.) of Uromastix har dwickii

Takekura et al. (28) demonstrated an
increase in myosin ATPase activity on
administration ~ of  testosterone  and
Uromastix are found to have decreased
plasma testosterone level during winter as
reported by Aliya (29).We are of the opinion
that, reduced plasma testosterone level
during winter in our experimental animal
may also be responsible for reduced myosin

ATPase activity leading to slow rate of cross
bridge cycling, long TPD but reduced
tension generation by our experimental
muscles. This slow cross bridge cycling for
actin myosin interaction during winter also
leads to reduced values of %P°/mS. As
shown by our experimental muscles during
winter.

120 ~
100 -

Duration(mS)
S O 0
o O o

N
o
1

Twitch p. Dur.
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o

FFLE PP & &K
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Figure 8: Immobilized % Control values of Twitch Peak Duration obtained from Gastrocnemius
muscles (Imb.) of Uromastix har dwickii

Another possible factor responsible to
produce greater reduction in the values of

Faroog S. N.et al., Med. Res. Chron., 2015, 2 (1), 135-147

%P°/mS. During winter
reduction in the level

is a probable
of organic and:
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inorganic phosphates in our experimental
muscles during winter and organic and
inorganic phosphates play very important
role in energy transfer in enzyme
system(30).

Witzmann et. al., (31) attributed decreased
values of rate of rise of tension in Imb.
Soleus muscles of rat to be associated with
IMB induced depressed functional capacity
of sarcoplasmic reticular vesicles. We are
also of the opinion that, in our experimental
muscles low environmental temperature
during this part of the seasonal cycle also
depresses the sarcoplasmic reticular activity
leading to a reduction in the rate of rise in
tension. Our opinion is also supported by the
significantly higher values of TPD shown by
our experimental muscles during this part of
the seasonal cycle indicating slow release
and slow uptake of calcium by the depressed
sarcoplasmic reticular vesicles.

In view of our experimental results we are of
the opinion that, during winter our
experimental muscles remained influenced
by two different types of IMB, an
experimental through plaster casting and
superimposed on it was the seasonal
(hibernation) induced IMB with an overall
depression of the metabolic and
neuroendocrine activities of the animal
leading to greater reduction in all parameters
during winter. However, with advancement
of season towards summer an increase in the
environmental temperature takes the overall
activity of animal to its maximum that helps
it to resist the IMB induced effects and as
such we observe lesser reduction in the
activity of our experimental muscles during
this part of the seasonal cycle. In the end we
can conclude that, our experimental muscles
are affected by both plaster cast as well as
season induced (hibernation) IMB and
seasonal changes playing a dominant role. It

is also observed that, the season affects the 8.

kinetics of different parameter while plaster

Faroog S. N.etal.,

Med. Res. Chron., 2015, 2 (1), 135-147

casting produces qualitative changes in our
experimental muscles.
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