


have treated successfully some high-risk achalasia
patients by endoscopic injection into the sphincter.9

Albanese et al7 found experimentally in 1995 that
Botox-A injection to the distal gastric segment
caused weight reduction in normal-weight rats. 

This study investigated the effects of local antral
Botox-A injection on weight loss and gastric emp-
tying in an experimental obese-rat model, to obtain
results that could improve further clinical practice.

Materials and Methods

This experimental study was done in the laboratories
of Istanbul Medical Faculty Experimental Study and
Research Center at Istanbul University (with permis-
sion No. 46 from the Committee of Animal Ethics).
Thirty-seven female Wistar-Albino rats, 12 weeks
old, weighing 150-230 g were used. At the beginning
of the study, the rats were weighed and were kept in
wire cages for 1 week, for adaptation to the study
medium (12 hours light/dark cycle, at room temper-
ature 26±1˚C and 45% relative humidity). The rats
were randomly separated into 3 groups. After the
adaptation period, all the rats were given the high-
calorie cafeteria diet for a period of 90 days as
described by Bozbora et al,10 which contains drink-
ing water with an average of 3-5 g sucrose and 50-75
g high-calorie bait. The weight gains of the rats were
followed by weight measurements at 10-day inter-
vals. The first group (Botox group) consisted of 15
obese rats which were injected with 20 U Botulinum
Toxin Type A to eight quadrants of gastric antrum.
The second group (Saline group) consisted of 15
obese rats which were injected with 20 U saline solu-
tion into eight quadrants of the gastric antrum. In the
third group (Control group), no surgical intervention
was performed to 7 obese rats.

The gastric scintigraphy was performed on the
obese rats of all 3 groups (Siemens®, Chicago,
USA) on preoperative day 1 and on the 20th post-
operative day, in order to evaluate gastric emptying
in obese rats. The obese rats in the Botox (BoTx)
and in the Saline (S) groups were operated after-
wards. The rats were kept on the same preoperative
high-calorie diet from the first postoperative day. All
rats were weighed at intervals of 2 days and the
changes were recorded. 

Operative Procedure

Following ether inhalation, 25 mg/kg ketamine
(Ketalar, Pfizer, Turkey) and 10 mg/kg xylazine
hydrochloride (Rompun, Bayer, Turkey) were given
intramuscularly, and long-term (>25 min) anesthesia
was provided. The abdomen was shaved and
scrubbed with povidone-iodine for aseptic condi-
tions. A median laparotomy of 2 cm was performed
on all rats in the BoTx group and Botulinum Toxin
Type A (Botox: Allergan®, Westport Co, Mayo,
Ireland) was injected subserosally into the rats via a
27-G syringe, by diluting 20 U BoTx with 2 ml
saline, at a total of 8 cardinal points in the gastric
antrum; lesser and greater curvature on anterior and
posterior wall, and at 4 points between these regions
(each 0.25 ml containing 2.5 U Botox-A). The same
procedure of anesthesia and laparotomy were applied
to the S group, but they were injected with saline
solution at the same cardinal points mentioned above.

Gastric Emptying Scintigraphy
Measurement in Obese Rats

Gastric emptying scintigraphy was performed pre-
operatively in all the groups, to measure the mean
gastric emptying period in obese rats.  During the
scan, anesthesia was performed by intramuscular
injection of 25 mg/kg ketamine (Ketalar, Pfizer,
Turkey) and 10 mg/kg xylazine hydrochloride
(Rompun, Bayer, Turkey). A gastric lavage cannula
was inserted via the orogastric route, in order to pre-
vent oral and esophageal contamination by inges-
tion of radioactive labeled solid bait. Sulphur
Colloid (Amerscan Hepatate II Agent®, United
Kingdom) labeled with 500 microcuri Tc-99m
(Monrol Nuclear Production, Turkey) was mixed
with bait and was given through the tube, after
which gastric scintigraphy was performed and the
gastric emptying period (T1/2) was measured.

Statistics

Statistical tests were performed using SPSS 10.0
packet program of Windows (SPSS Science,
Chicago, IL). The Kruskal Wallis test was used to
compare the groups. Paried t-test and Wilcoxon rank
tests were used for inter-group comparison with
respect to time. P<0.05 was accepted as significant.

Coskun et al

2 Obesity Surgery, 15, 2005

 



Results

Weight Measurement

Initial weights of the rats showed no significant dif-
ference between the 3 groups (P>0.05). Weight
changes in BoTx, S and control groups are shown in
Table 1 and Figure 1. There was a significant
increase in weight in the 3 groups between the ini-
tial day and day 90 (P<0.05, P<0.001) (Table 2).

Weight changes in all 3 groups after the operation
are shown in Table 3 and Figure 2. The S group had
a weight reduction in the early postoperative days
but began to gain weight thereafter. Mean weight
loss between the 16th and 28th postoperative days in
the BoTx group was found to be significantly high-
er than the control and the S groups (P<0.05,
P<0.001). The weight results were similar to the ini-
tial values after the 30th day.

Scintigraphic Evaluation

There was no significant difference in gastric
scintigraphy between the 3 groups preoperatively.
There was no significant difference between the
gastric emptying periods found in gastric scintigra-
phy on operation day and postoperative day 20 in
the control group. The results of gastric emptying
scintigraphy in all 3 groups at day 20 revealed sig-
nificantly higher T1/2 values in the BoTx group,
compared with the control group and the S group
(P<0.001) (Table 4) (Figures 3, 4 and 5).

Discussion

The clostridial neurotoxin family is composed of
tetanus toxin and seven serotypes (A-G) of botu-
linum neurotoxin.11 The neurotoxin produced by
Clostridium botulinum under anaerobic circum-
stances blocks the release of acetylcholine at the
neuromuscular junction, thereby having a paralytic
effect. Toxicity is the result of a multistep mecha-
nism; a two-chained structure is produced by prote-
olysis of a single-branched molecule, and these
chains are connected with disulfide bonds (H-chain,
100kDa; L-chain 50 kDa, related Zn).12,13 This pro-
tein structure has three functional parts; the L-branch
acts as a catalyzer (ie. shows proteolytic effect as
zinc peptidase at the N-terminal), and the C-terminal
of the H-chain possesses translocation activity.12-14

In this form, the toxin can penetrate the axon.
Disulphide reaction, which is the second activation
step, only takes place after internalization by the tar-
get cell.13 Botulinum toxin adheres to pre-synaptic
edges of cholinergic nerves and is taken to the cell by
receptor-mediated endocytosis. The zinc-dependent
catalyzer region of the entire 7 serotypes act on pro-
teins required for synaptic vesicle fusion. As a result
of this effect, acetylcholine release is inhibited, caus-
ing paralysis.12-14 After blockage of synaptic trans-
mission by botulinum toxin, clinical atrophy and
weakness of muscles are seen. Although the affected
nerves are not degenerated, the release of acetyl-
choline is irreversibly blocked, and this requires new
synaptic junctions to function again.11-13
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Table 1. Weight changes in Control, S and BoTx groups

Mean Control group S group BoTx group
Weight (g) mean SD mean SD mean SD P

Initial Day 191.43 18.64 193.67 23.03 209.67 20.31 .053
Day 10 201.43 12.15 205.33 23.26 224.67 25.60 .035*
Day 20 218.57 24.78 212.67 19.44 226.67 28.45 .382
Day 30 215.71 29.36 216.33 26.76 231.33 26.42 .156
Day 40 210.00 20.00 218.67 18.07 234.00 28.23 .027*
Day 50 225.71 31.55 217.33 21.20 239.00 29.41 .107
Day 60 208.57 24.10 223.33 19.88 242.67 29.15 .013*
Day 70 220.00 20.82 229.33 19.81 238.67 26.42 .135
Day 80 228.57 38.05 224.67 30.38 241.00 36.16 .408
Day 90 237.14 31.07 238.33 23.43 236.33 28.31 .957

*Significant (P<0.05). SD = standard deviation.



Since the discovery that botulinum neurotoxins
inhibit neuromuscular transmission, these powerful
poisons have been used as drugs for many indica-
tions.15 They were first used to treat strabismus,16

and local injections of botulinum neurotoxin are now
considered a safe and efficacious treatment for both
neurological and non-neurological conditions.15,17

One of the most recent applications is for disorders
of the gastrointestinal tract. Botulinum neurotoxin
injections are not only potent in blocking skeletal
neuromuscular transmission, but they also block
cholinergic nerve endings in the autonomic nervous
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Figure 1. Changes in weight at 10-day intervals in
Control, S and BoTx groups.

Table 2. Weight at initial day and at 90th day

Mean Control group S group BoTx group
Weight (g) Mean SD Mean SD Mean SD P

Initial Day 191.43 18.64 193.67 23.03 209.67 20.31 .053
Day 90 237.14 31.07 238.33 23.43 237.00 29.75 .957
P 0.016* 0.000* 0.011*

*P<0.05

Table 3. Weight changes in Control, S and BoTx groups after the operation

Postoperative Control group S group BoTx group
Day Mean Wt (g) SD Mean Wt (g) SD Mean Wt (g) SD P

Operation Day 237.14 31.07 238.33 23.43 237.00 29.75 .957
Day 2 237.14 34.50 231.54 24.01 233.21 29.72 .948
Day 4 249.00 29.45 229.23 25.56 230.71 27.79 .359
Day 6 249.00 28.15 229.62 23.49 228.21 28.86 .376
Day 8 250.00 32.98 223.85 21.81 226.43 27.13 .268
Day 10 251.00 31.10 226.92 22.13 223.93 26.54 .236
Day 12 250.00 33.35 232.31 20.48 222.50 25.02 .153
Day 14 252.00 30.74 238.08 17.97 220.36 26.27 .055
Day 16 252.00 30.74 241.92 15.88 217.50 26.15 .020*
Day 18 254.00 32.09 245.77 16.31 217.14 25.40 .009**
Day 20 256.00 30.50 246.15 17.22 219.29 25.48 .009**
Day 22 258.00 29.28 247.69 19.64 218.57 25.90 .008**
Day 24 256.00 28.15 246.15 18.73 220.36 26.78 .013*
Day 26 257.00 26.60 248.08 19.42 223.57 26.78 .020*
Day 28 255.00 26.93 248.08 19.64 227.14 27.37 .042*
Day 30 256.00 25.35 249.23 19.88 231.43 28.52 .081
Day 32 257.00 29.50 249.23 19.35 234.64 29.71 .180
Day 34 260.00 29.58 249.62 19.73 238.57 29.18 .225
Day 36 262.00 29.50 253.46 19.30 239.29 30.18 .183
Day 38 263.00 30.94 254.23 19.46 238.93 31.27 .171
Day 40 264.00 31.10 256.15 20.43 240.00 29.68 .138
Day 42 264.00 31.10 258.08 18.09 241.07 29.69 .185
Day 44 263.00 29.71 259.62 17.38 243.21 28.86 .167
Day 46 265.00 27.16 262.31 17.39 245.71 28.48 .193
Day 48 267.00 29.50 263.46 17.37 248.21 29.33 .242
Day 50 267.00 28.85 265.00 17.08 251.07 29.49 .274

Wt = Weight. *P<0.05 significant. **highly significant.
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Figure 2. Changes in postoperative weight at 2 day inter-
vals in Control, S and BoTx groups.

Table 4. Gastric emptying scintigraphy values of the
3 groups on surgery day and day 20

Mean Time SD P

Surgery Day
Control group 81.00 2.58
S group 80.20 1.86
BoTx group 80.13 2.13 .726

Day 20
Control group 83.29 3.45
S group 86.87 4.32
BoTx group 155.33 26.31 .000

Figure 3. The scintigraphic image of the Control group. Figure 5. The scintigraphic image of the BoTx group.

Figure 4. The scintigraphic image of the S group.
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system.18,19 The capability to inhibit contraction of
gut smooth muscle has been demonstrated in vitro;20

it has also been shown that botulinum neurotoxin
does not block non-adrenergic, non-cholinergic
responses mediated by nitric oxide. 

Extrinsic vagal innervation of the stomach induces
forceful postprandial antral contractions for duode-
nal transport, with fragmentation of solid nutrients
and differentiation of solid-liquid components, and
sequential fundal relaxation. Contraction rings move
through the distal antrum and transport chyme from
pylorus to duodenum.21 In this study, Botox-A that
was injected into the antral muscular wall selective-
ly affected gastric emptying by reducing peristaltic
wave tension. In the period that the rats in the BoTx
group showed maximal weight reduction, gastric
emptying showed a significant delay when compared
to the S and the Control groups. One of the organs
that functions in physiologic control of nutrition is
the stomach. As the stomach gets full and stretches,
hypothalamic ventral medial nuclei are stimulated to
create a sense of fullness. Antral Botox-A injection
caused the tension to be longer by delaying gastric
emptying, and therefore, is thought to decrease the
desire of the rats to eat. 

Weight reduction curves in the BoTx group con-
tinued until the 28th day, but after that an on-going
tendency towards weight gain was observed. Botox-
A is highly selective for cholinergic cells and has a
long half-time. Clinical results can last from 1
month to a couple of months, and after this period,
the toxin must be re-administered. Toxin dosage
should be modified according to each particular
subject to obtain maximum efficiency.22 Gui et al21

in 2000 reported that Botox-A application to the
gastric antrum in normal-weight rats caused weight
reduction, and suggested that it could be used in the
treatment of obesity, but further studies are required
to determine Botox-A’s effect on gastric physiology. 

Although efficacy is dependent on the injected
muscle mass, sensitivity to the toxin shows variation
between individuals. Some patients first show a
good reaction, whereas they can develop toxin tol-
erance in time.23 Borodic et al24 have stated that sen-
sitization is the main reason for poor clinical
response or resistance to therapy, and can be pre-
vented by production of neutralizing antibodies
against this toxin. Injection of botulinum toxin is
generally well-tolerated. After injection, the toxin

diffuses into the muscle and the surrounding tissues.
Its effect decreases as it spreads from the injection
point, but if large doses are applied, it is possible to
penetrate neighboring muscles. Adverse effects such
as weakness and fatigue have rarely been seen.17

Despite ongoing studies on the therapy of obesity,
many patients cannot maintain weight loss by con-
tinued dietary modification with or without medica-
tions that decrease food intake. Currently, surgical
therapy is the most effective treatment for massive
obesity. On the other hand, surgical intervention has
the disadvantages of being invasive, having morbid-
ity and even mortality.25-27

Botox-A injection to gastric antrum may be an
alternative therapy for obesity. Based on one patient’s
results, Rollnik et al28 found clinically in 2003 that
Botox-A injection into a patient’s gastric antrum
decreased food intake and resulted in weight loss.

In this experimental study, injecting Botox in obese
rats resulted in temporary delay in gastric emptying
and in weight loss. The effective dose and the dose-
dependent period of effect are not clear. Studies are
needed to show the effects of repetitive Botox injec-
tion. The results may guide further clinical studies.
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