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Abstract

Objective: WNIN/Ob is an inbred mutant obese rat strain with euglycemia developed indigenously from Wistar stock
(WNIN) existing since 1920. For the first time we have studied the effect of BoNT/A on the growth, body composition
and muscle conduction velocity (MCV) in WNIN/Ob mutant rats. Materials and methods: Twelve obese male rats
and 12 obese female rats of 35 days of age, and age matched 24 lean rats of equal gender were taken for the study. They
were randomly divided into four groups of 12 each (6 males and 6 females). Group- I was BoNT/A injected obese rats,
while the group — IT was BoNT/A injected lean rats, Group-I1I was negative control obese rats, and Group —I'V was the
negative control lean rats. The study continued for 45 days and parameters like growth and food intake were monitored.
Body composition in control and experimental rats was determined by the total body electrical conductivity (TOBEC).
MCYV in lean and obese rats was determined by Biopack polygraph (MP 100 Model). Results and conclusion:
BoNT/A injected obese rats showed significant decrease in food intake, body weight and fat. A significant increase in
lean body mass (LBM), and fat free mass (FFM) was observed in BoNT/A injected obese rats compared to obese
control rats. No significant changes were seen in food intake and growth of lean rats. MCV values were also
significantly reduced on the BoNT/A treated experimental rats of both obese and lean rats as compared to their
corresponding controls. The reduced MCV on the experimental side as compared to control side suggest reduced
muscular function in obese rats. This was followed by a reduction in food intake leading to reduced body weight and
increase in the LBM and FFM. These differences were also observed among the genders, suggesting that the muscle
architecture not only varies in obese rats but also the gender.
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Introduction focal dystonia, with its ability to paralyze and relax muscle of

Botulinum neurotoxin is a protein derived from the
fermentation of bacterium Clostridium botulinum and so far,
seven neurotoxin types have been identified as types A-G

the focal skeletal area. The BoNT/A was found to obstruct the
release of the acetylcholine from the pre-synaptic nerve of
cholinergic nerve endings and has now found a regular use in

(Porter et al., 1991). Among the seven types, BoNT type A cosmetic industry (Hatheway, 1995). Several clinical studies

(BoNT/A), became more famous, for its use in the treatment of

have been carried out to test the effects of BoNT/A on
masseter muscles when treatment was for cosmetic purposes
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such as volumetric reduction or excessive muscle activity
(bruxism) (Peter and Markus, 2003). The intramuscular
injection of BoNT/A into the masticatory muscles as an
adjunct to temporomandibular joint was found to be more
effective at prolonging improvement in symptoms than
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Many studies have been conducted to identify the effect of
BoNT/A injections in the animals. It was observed that, the
administration of BoNT/A injection in the parotid gland of
Wistar female rats showed a reduction in the concentration of
acetyl cholinesterase, thereby offering a possible therapeutic
option for the treatment of hyper salivation in various
otolaryngologic and neurologic diseases (Maik et al., 2000). In
another study, metabolic bone disturbances due to hypocalcemia
in growing rats were evaluated using cephalometric analysis.
The effect of muscle inactivity using muscle-paralyzing agents
on the growth of bones in 10 day old CD1 mice revealed that the
loss of muscular activity does not affect the normal neonatal
mandibular growth. It was also observed that, the muscular
function does not appear to be essential for normal postnatal
mandibular growth in CD1 mouse (Richard, 1972). The
injection of BoNT/A to WNIN obese phenotypes showed
reduction in the body weight, food intake and weights of major
organs and increased the masseter muscle weight and fiber
width. However, BONT/A injection did not have any adverse
effects on the myofibre morphology in WNIN/Ob lean rats
(Shivarametal., 2015).

Obesity is now widely recognized as complex and seriously
debilitating nutritional disorder, which is often associated with
an increase in risk for major diseases, including cardiovascular
and cerebrovascular diseases (Ghosh et al., 2003; 2004).
Though, BoNT/A is used in cosmetics to reduce or flatten the
wrinkles in the face, it has so far not been studied for its effect in
obese individuals, improve the musculature of their face. The
National Institute of Nutrition has been maintaining one of the
oldest colonies of an inbred Wistar strain of rats (Giridharan et
al., 1997). From these stocks of rats, a mutant rat line with
obesity and euglycemia was isolated and a colony of this was
established, and designated as WNIN/Ob. These mutant rats
show high body mass index (BMI), high body fat (47 %) and low
lean body mass as compared to lean littermates. They also show
increased biochemical indices of obesity with a rotund face with
avery short neck (Giridharan etal., 1996). This strain of rat has a
shorter lifespan and also develops an opportunistic infection as
they cross one year, and 15-20 % was shown to develop cataract
and retinal degeneration (Bhanuprakash et al., 2009), mammary
tumors, lipomas and kidney abnormalities (Harishankar et al.,
2011). The main objective of the present study was to look into
the effect of BoNT/A injection on the physical growth, body
composition and muscle conduction velocity.

Material and Methods
Animals

Twenty-four WNIN/OD rats of 35 days of age (12 Males and 12
Females), with an average body weight of 126- 132gm and 24
lean rats (12 Males and 12 Females), with an average body

weight of 89-92gm were used for the study. The rats were
randomly assigned to four equal groups of 12 each (6 males
+ 6 females). Group- I was BoNT/A injected obese rats,
Group — II was positive control obese rats, Group-III was
BoNT/A injected lean rats and Group —IV was positive
control lean rats.

Animals housing

The rats used in the study were housed individually in
standard polycarbonate cage with top grill has facilities for
holding pelleted feed and drinking water in polycarbonate
bottles with stainless steel sipper tubes (Tecniplast, Italy).
They were housed at 22 + 2 °C, with 14-16 air changes per
hour with a relative humidity of 50-60%, and photoperiod
of 12-hour light/dark. The animals were provided with
sterile pelleted chow of standard composition established at
the National Institute of Nutrition containing all the
recommended macro and micronutrients (56%
carbohydrate, 18.5% protein, 8% fat, 12% fiber and
adequate levels of minerals and vitamins) needed for rats
along with water, ad libitum (Harishankar etal., 2011).

Administration of BONT/A

The rats were subjected to mild anesthesia by Isofluorene
inhalation using table top anesthesia system.The vial of 50
units of BoNT/A(Biobaxy Technologies, India) was
reconstituted with 2.0 mL of normal saline solution,
yielding a preparation of 1 unit (0.04 mL per injection). Two
injection points representing the superficial and the deep
masseter muscle layers were each injected with 0.02 mL of
normal saline or the BoNT/A solution. It is a split mouth
study design adopted by Chi-yang et al., (2009), and the
opposite side of the animal masseter muscle was acting as
an experimental control. The obese and lean control rats
were not given any treatment. These animals were followed
up to 45 days for their physical, physiological and muscle
conduction velocity parameters.

Assesment Parameters
Body weight, food intake

The animals were weighed using an electronic balance
(Sartorius digital balance, 0.1 gm sensitivity), weekly from
the day of administration of BoNT/A injection to the
termination of the experiment. Weekly records were
maintained for food intake, and weight gain from which
food efficiency ratio (FER) was derived.

Body composition

Body composition of all the rats was measured using a Total
Body Electrical Conductivity (TOBEC) small animal body
composition analysis system (EM - SCAN/ TOBEC, Model
SA — 3000 Multi detector, Springfield, ITI, USA) (Venu et
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al., 2004). In lean rats, the estimation was carried out using coil
with I.D. 3076 and in obese rats by coil with I.D. 3011. Both
control and experimental group lean and obese rats were
stabilized and monitored for body composition, as per the
guidelines provided for instrument (Padmavathi et al., 2010;
Harishankar et al., 2011) and the body composition parameters
were obtained mathematically according to the methods of
Morbach and Brans (Morbach and Brans, 1992).

Muscle conduction velocity (MCV)

After 45 days of injection of BONT/A, the MCV activity of the
masseter muscle in the experimental and the control side was
evaluated using a polygraph apparatus (BIOPAC MP 100
model). Mild surgical anesthesia was given to rats and subjected
to the polygraph test (Figure laand 1b).

The polygraph equipment consisted of five pin electrodes
namely Black (3), Red (1), White (1), and two of the black
electrodes were to generate impulse and the other was the ground
electrode. The ground electrode was placed onto one of the
forelimbs of the rat. The other two black, red and white electrodes
were placed by 1cm distance into the masseter muscle by the side
to be examined. These pin electrodes were placed 1.0 cm apart in
the main direction of muscle fibers. In order to reduce skin
impedance, the skin was carefully cleansed prior to electrode
placement. There was twitching of the lower jaw seen in the
animal on application of the nerve impulse suggesting that the
electrodes were properly placed on the masseter muscle.

MCYV of the control and experimental rats was performed on
the five channel PC- based polygraph apparatus (BIOPAC MP
100 model), which is PC controlled multichannel system for
simultaneous surface myoelectric and gnathosonic signal

(B) Obese rat

(A) Lean rat

Figure 1. Lean and obese rats analysed for muscle
conduction velocity.

registration and analysis. The instrument was directly
interfaced with a computer which presented the data
graphically, digitally and stored them on a hard disc for
further quantitative and quality analysis. This system
allowed simultaneous recording of myoelctrical activity of
masseter muscle and the input impedance was 10 MQ. The
MCV activity was recorded from the main direction of
muscle fibers, left the experimental side and right the saline
treated side of the masseter muscle. The measurements
were continuously monitored for 30 mSec with 5 mSec time
interval. The simultancous recorded MCV values were
displayed on PC screen in separate folders and stored on the
hard disk, for the off-line analysis. The recorded values
were converted into the time and calculated by the distance,
to derive muscle conduction velocity (Cm/mSec) of lean
and obese rats belonging to control and experimental
groups, using Acq.3.72 software present in the apparatus.

The study was reviewed and approved by the
Institutional Animal Ethical Committee (IAEC/P40/12-
2011/NHS), and was conducted in accordance with the
internationally accepted principles for laboratory animal
use and care.

Statistical analysis

One-way ANOVA and Durnett test of homogeneity was
employed to determine a significant difference between the
mean values of food intake, growth and MCV measurement
parameters in different groups. Statistical analysis was
carried out using SPSS, version 15.0. Further, paired't' test
and Wilcoxin ranked test resulted in a statistically
significant difference between initial and final values in
each of the groups. Non-parametric Kruskal-Wallis and
Man Whitney tests were used when the data for particular
group was non-Gaussian in nature. All the values given
were mean =+ standard error of mean (SEM). A probability
level of less than 5% (P<0.05) was considered statistically
significant.

Results
Growth assesment

In general, the male rats had a significantly higher body
weight compared to female rats of both lean and obese
phenotypes. The administration of BoNT/A to obese rats
showed a significant decrease in their body weight
compared to obese control rats and continued to be low till
the end of the experiment. From the 2 week of
administration of BoNT/A, experimental male obese
animals showed an average lower weight gain of 32.28 gm
per day compared to 47.12 gm in control obese male rats as
given in Figure 2a. Experimental female obese rats had an
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Figure 2A. Growth pattern of male experimental and control
obese and lean rats. 2B. Growth pattern of female experimental
and control obese and lean rats.Each line represents the mean of
observations in 6 rats of obese and lean phenotype. Means with
different superscripts are significantly different at P < 0.05, by
two-way ANOVA followed by post hoc least significance test.

average weight gain of 42.06 gm per day as compared with 45.20

gm in control female obese rats (Figure 2b). The weight of lean

experimental rats of both sexes was also significantly different

from lean control rats (P<0.05) from the 2™ week of BONT/A
nd

administration, till the end of the experiment. From the 2" week
of administration of BoNT/A, male lean animals showed an

Figure 3 a
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average weight gain of 19.16 gm per day compared to 26.00
gm in control lean male rats (Figure 2a). Experimental
female lean rats had an average weight gain of 13.50 gm per
day as compared with 16.45 gm in control female lean rats
(Figure 2b).

Food Intake

Obese and lean rats treated with BoNT/A
significant decrease in food and water intake compared to
control rats (Figure 3a and 3b). Among the BoNT/A treated
rats, male rats had significantly higher food intake than

female rats (P<0.05). BONT/A treated rats (both obese and
lean) showed drastic reduction in food intake on the 3

showed

week in males and 4" week in females, and then gradually
improved so that by 7" week, the food intake has almost
become equal in lean animals compared to control. The
same trend was seen in obese rats, though the treated rats did
not catch up with the control fully at the termination of the
experiment.

Body composition

The TOBEC analysis showed that, there is a significant
difference in lean body mass (LBM) and total body fat
between the genders (higher in males) in obese and lean
phenotypes of control and BoNT/A injected rats (P < 0.05).
Obese mutants had significantly higher body fat and low
LBM as compared to lean phenotypes (Table.1). However,
between the control and experimental obese rats,
experimental obese rats had significantly lower LBM and
total body fat compared to control obese rats. BoNT/A
injection showed similar effects between the female obese
rats. Among the lean rats of both groups, no significant
difference in-terms of LBM and fat were observed.

Muscle conduction velocity (MCV)

MCYV measured in obese and lean rats of both groups and
the detection, amplification and recording of changes in

Figure 3b
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Figure 3A. Food intake of male experimental and control obese and lean rats. 3B. Food intake of female experimental and

control obese and rats. Each bar represents a mean of observations in 6 rats of each phenotype. Means with different superscripts

are significant different at P<0.05.
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Table 1. Body composition of obese and lean experimental and control rats (n=6)
Parameters Group — I Group — II Group — IIT Group-IV

Male Female Male Female Male Female Male Female

Body weight (g) 334.00* 370.50* 429.00 395.66 262.00 183.25 268.00 188.62
+36.58 +22.68 +24.86 +28.22 +21.48 +12.08 +22.08 +14.48

LBM (g) 192.66* 184.24* 176.38 178.62 246.64 172.33 248.62 174.00
+28.48 +22.66 +32.66 +24.64 +12.68 +10.55 +11.66 +12.38

Fat (g) 198.24* 168.44* 228.66 182.66 36.68 22.96 38.46 24.38
+38.46 +9.89 +36.88 +32.68 +6.86 +2.89 +5.88 +2.66

Fat % 45.88* 44.48% 47.83 46.24 13.98 12.54 14.02 12.86
+28.06 +22.33 +32.06 +24.36 +8.26 +2.28 +6.86 +1.88

FFM (g) 102.66* 88.76* 98.68 84.33 223.89 168.24 216.96 164.22
+18.68 +16.66 +22.46 +14.52 +14.68 +12.24 +12.06 +11.08

LBM — Lean body mass, Fat—Total fat content, FFM — Fat free mass. Significant

differences were seen between the groups. * Significantly differentat 2 <0.05, by

repeated measures of ANOVA. Values are mean + S.E. Group — I - BONT/A injected obese male and female rats; Group — 11- Positive control obese male and

femalerats; Group — I11- BoNT/A injected lean male and female rats; Group—IV-

voltage received/produced by underlying masseter muscle were
studied. For this, the experimental and control rats were
restrained by giving mild Isoflurene anaesthesia and 0.5 mV
current was given to rats, twice at 100 mSec interval. MCV was
calculated at maximum and minimum and average was taken as
final value and expressed as Cm/Sec. In obese male and female
rats, the MCV is significantly reduced on the experimental side

Positive control lean male and female rats

compared to control side (p < 0.05) (Figure 4a -4d). No
significant change in MCV was seen among both the genders
in lean rats in experimental (right) and control (left) side
(Figure 5a-5d). In general, the MCV of obese rats was
reduced on experimental side when compared to the
experimental side of lean rats (Table 2).

Figure 4
sc|_tme |[68000sec  sc| detat |[0.00000sec  sc|_treq |[0.00000Hz  sc|_bom |[0.00000 6P Sc|_min _|[0.02655 Vors
EEE e

a

2099406

1.049703 @
E

—_—

4 i " "
I i i f | I f _
St/ _tme |eib0sec  sc|_oetat [[000000sec  sC| _mex |[ouzrsvors  s¢| _min_|tzursvers S¢| _mn _|o0zorsvers
[
b osuarso

Volts

0.544739

1.089478

5¢|_pp |[0.00E+000 VoRs SC|_cetat |[0.00000sec  sc| _max |[0.01051Vors _ Sc| _mn_|[0.01051Vors _ sc

mo_|[501051 vors

EEE oons
c

MG

3509243

1.79%22 2
B

" v

-1.799622

'sc|_po |oooEs000vets sc|_aetat |[ooom0sec  SC| _mex |[o016ervots sc| _mn |[ooiesvets  sc| _mn |ootesrvans |

@@ ewoms

L{r | i ¥

1932576

EMG

V

=

btoo
r Lsszsre

|-3.86513

Figure 4. Muscle conduction velocity (MCV) obese phenotypes. 4a. MCV of control obese male rats. 4b. MCV of experimental

obese male rats. 4C. MCV of control obese female rats.4d. MCV of experimental obese female rats.
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Table 2. Muscle Conduction Velocity in lean and obese rats (n=6)

Rats phenotypes Experimental side (Right) Control side (left)
Obese male 0.127+0.07* 1.67 £0.10

Obese female 0.233 £ 0.068* 1.82 +£0.088

Lean male 0.922 +0.14 0.73 £0.008

Lean female 1.051+0.15 0.737 £ 0.09
Obese (Male + Female) 0.010+0.074 0.94+£0.11

Lean (Male + Female) 0.933 £ 0.14* 0.78 £0.08*

For the multiple comparisons between right side and left side for MCV activity of lean and obese rats, ANO VA was carried out using Duncan's multiple range tests.

Difference between the pooled samples (Males + females) was determined by student's unpaired “t” test. *P<0.05 was considered significant.

Discussion

Proper modulation of the normal growth process or alteration of
aberrant growth patterns requires a thorough knowledge of the
factors affecting growth. The mechanism of growth is well
explained in functional matrix theory and the growth potential of
skeletal structures is influenced by the functional capacity of the
neighbouring tissues (Kiliaridis, 1995). The development of the
cranial vault is largely dependent on the pressure exerted by the
increasing size of the brain or the increased intracranial pressure.
In case of the mandible, the masticatory function aided by the
surrounding musculature dictates its morphology. In the present

study the primary morphological and structural changes
seen among the experimental and control groups are in
consistent with the functional matrix hypothesis.

There was significant difference in terms of weight loss
between obese and lean animals compared to their
corresponding controls, in both the genders, albeit it was
more in the former compared to the latter. These were
discernible as early as 2" week of administration of
BoNT/A, which was in accordance with the previous
studies of Killiardis (1995) in normal rats (Saito et al.,
2002). The difference in the extent of reduction in body

weight between lean and obese animals could be due to

sc|_time |[5#T0005es  sc| _detat |[ouoo00ses _ sc| _mex |5007ssvers 5| _ma |poo7s3veks | sc| _ma_|[Fooresvans

e eve

a

0.670980

] |
] |

Voits.

-0.670980

1341960

sc|_time |oooomosec _ 5c|_detat [[o000w0sec  sc| e |[000000Hz _ c| som |[000000 oo sc| _mn |[ooorsavers

[EE ens
b l -
0.066630
Y (} - | b Joy
Ll N L4 I s Lith (e cmomwg
-0.068630
-0.133260
sc|_time |[0.00000sec _ sc|_detat |[000000sec _ sc|_trea [000000Hz _ sc| _bpm |[0.00000 BPM_ sc| _mn_|[0.00641 Vors
[ ENG
.:E 0195313
0.130208
0065104 §
L . \ L ’ " Lo
r I I ¥ L i X
sc|_tme|[Fo0000ses " 5c _detat |[G000005es " 5c| _ireq |[000000WE | 5c| _bpm |[000000 6PN 5c| _mn_|[auiosvets
[ ews
d 1762695 -
| " L ) ! L I
" t
bt
3525391

Figure 5. Muscle conduction velocity (MCYV) lean phenotypes. 5a. MCV of control lean male rats. Sb. MCV of experimental

lean male rats. 5C. MCV of control lean female rats. 5d. MCV of experimental lean female rats.
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masticator hypofunction in the latter. There is a definite gender
difference in terms of BONT/A administration, in both obese and
lean animals, the males being more severely affected than
females. More in depth study is warranted to understand this
difference between genders, which could be due to hormonal
differences.

The reduction in food intake due to toxin injection happened
on 3" and 4" week in both the lean and obese rats, but then there
was a gradual increase in food intake as the effect of toxin wore
off with time, resulting in near normal food intake at the end of
the study, i.e., 8" week in lean animals. Same thing happened
with obese animals, though they did not catch up with the
controls as much as lean animals did, at the termination of the
study. This also reflected on the extend of weight loss in both the
groups, it is almost double in obese animals (in both genders)
than in lean animals compared to their controls. Thus, it seems
obvious that the effect of this neurotoxin is more severe in obese
animals and it is primarily due to its hypophagic effect.

In the present study, BONT/A administration also resulted in
the reduction of MCV in WNIN obese rats. MCV is influenced
by the thickness of the fat layer (white adipose tissue) under the
skin and animal movement while carrying the analysis
(Rowlerson et al., 1988). The MCV is also dependent on the type
of muscle fibers present and their quantity. The insertion of the
electrode also determines the MCYV, as there is a difference in the
fiber architecture of superficial and deep master muscle in rats.
The Type I fibers are either absent or rarest in the superficial part
of' masseter, but most common in deep layers (Papa et al., 2007).
The predominant presence of Type Il muscle fibers increases the
MCYV and that of Type I reduces MCV (Mario, 2008). The
reduction in MCV of the obese rats could be accounted for
reduced masticatory contractile activity after use of BONT/A for
correction of hyperactive muscles (MasakatsuKonno et al.,
2005). BoNT/A cause short duration of motor unit potentials
(MUP); polyphasic MUPs, decreased amplitude of compound
motor action potential (CMAP) after a single nerve stimulus
(most prominent in proximal muscle groups) thereby can cause
reduction in MCV. The MCV of'the control side is more in obese
rats when compared to lean rats because the amount of Type II
muscle fibres is more in obese phenotypes than to lean rats (Data
notreported).

In the present study, lean rats had an increase in MCV in the
experimental group compared to control, but the anthropometric
parameters showed a decrease. In lean animals, the MCV
increase in the experimental group may be attributed to nerve
sprouting of Phase II action of BoNT/A. The increased MCV of
the experimental group could also be due to the positional error
of needle electrodes (Masakatsu Konno et al., 2005). However,
the electromyography (EMG) used in this study is a three
channel electrode which can also contribute to the varying

results in lean animals. The differences in the amount of
reduction in the MCV between the sexes are in accordance
with the results of Celichowski (Celichowski and
Celichowski, 2007).

The present study showed the effect of unilateral
injection of BONT/A on the motor control of the masseter
muscles in obese and lean rats. The characterization of the
motor control of masseter muscles assessed through its
MCYV, and the values showed a significant difference
between obese and lean phenotypes of experimental groups.
The reduced MCV on the experimental side as compared to
control side suggest reduced muscular function, well
supported by the increase in the muscle fiber width
(Shivaram et al., 2015) and decreases in anthropometric
measurements of experimental side in obese males and
females (Data to be communicated).

In conclusion, the present study was to evaluate the
effect of BoNT/A, when injected unilaterally into the
masseter muscle on the right side in superficial and deep
layers of genetically inherited WNIN obese and lean rats.
The rats were monitored for 45 days and weekly body
weight, food intake and MCV measurements were
performed. It was found that the weekly body weights of rats
in both the sexes and phenotypes reduced in experimental
animals as compared to control and more in obese rats. The
MCV reduced on the experimental side as compared to
control in obese male and female rats. But the result was
opposite in lean rats of both sexes. The difference is also
among the sexes which suggest that the muscle architecture
not only varies in obese/lean rats but also as per gender.
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LIST OF ABBERIVATIONS
BoNT/A - Botulinumneurotoxin
CDlmice - Clusterofdifferentiation 1
WNIN/Ob - Wistar/NIN obese phenotype
BMI - Body massindex
TOBEC - Total body electrical conductivity
MCV - Muscle conduction velocity
LBM - Leanbody mass
FFM - Fatfree mass
MUP - Motor unit potentials
CMAP - Compound motor action potential
EMG - Electromyography
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