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Healing effects of Musa sapientum var. paradisiaca
in diabetic rats with co-occurring gastric ulcer:
cytokines and growth factor by PCR amplification
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Abstract

Background: The present study evaluates the effects of extract of Musa sapientum fruit (MSE) on ulcer index, blood
glucose level and gastric mucosal cytokines, TNF-α and IL-1β and growth factor, TGF-α (affected in diabetes and
chronic ulcer) in acetic acid (AA)-induced gastric ulcer (GU) in diabetic (DR) rat.

Methods: MSE (100 mg/kg, oral), omeprazole (OMZ, 2.0 mg/kg, oral), insulin (INS, 4 U/kg, sc) or pentoxyphylline
(PTX, 10 mg/kg, oral) were given once daily for 10 days in 14 days post-streptozotocin (60 mg/kg, intraperitoneal)-
induced diabetic rats while, the normal/diabetic rats received CMC for the same period after induction of GU with
AA. Ulcer index was calculated based upon the product of length and width (mm2/rat) of ulcers while, TNF-α, IL-1β
and TGF-α were estimated in the gastric mucosal homogenate from the intact/ulcer region. Phytochemical
screening and HPTLC analysis of MSE was done following standard procedures.

Results: An increase in ulcer index, TNF-α and IL-1β were observed in normal (NR)-AA rat compared to NR-normal
saline rat, which were further increased in DR-AA rat while, treatments of DR-AA rat with MSE, OMZ, INS and PTX
reversed them, more so with MSE and PTX. Significant increase in TGF-α was found in NR-AA rat which did not
increase further in DR-AA rat. MSE and PTX tended to increase while, OMZ and INS showed little or no effect on
TGF-α in AA-DR rat. Phytochemical screening of MSE showed the presence of saponins, flavonoids, glycosides,
steroids and alkaloids and HPTLC analysis indicated the presence of eight active compounds.

Conclusion: MSE showed antidiabetic and better ulcer healing effects compared with OMZ (antiulcer) or INS
(antidiabetic) in diabetic rat and could be more effective in diabetes with concurrent gastric ulcer.
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Background
Extensive investigations regarding anti-ulcerogenic and
ulcer healing activities of plantain banana have been
carried out in our laboratory for the past 30 years. Anti-
ulcerogenic activity of dried powder of plantain bana-
na fruit pulp (Musa sapientum var. paradisiaca, MS)
against various experimental gastro-duodenal have been
reported from our laboratory and elsewhere. Ulcer pro-
tective effects of plantain banana was reported due to in-
crease in the defensive factors viz. increase in mucin
secretion, mucosal glycoproteins, accumulation of pros-
taglandins E and I2, life span and cell proliferation rather
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than affecting the offensive acid-pepsin secretion [1-6].
Recently we reported ulcer protective, plantain banana
enhancing antioxidants, superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH) and
decreasing the free radicals, lipid peroxidation (LPO)
and nitric oxide (NO) levels in the gastric mucosal ho-
mogenates without any anti-H. pylori activity in vitro
[7]. Several reports indicate that diabetes mellitus (DM)
increases the mucosal susceptibility to ulcerogenic sti-
muli and predisposition to gastric ulceration and impaired
healing [8,9]. Our earlier reported work on streptozotocin-
induced diabetes with co-occurring gastric ulceration
did indicate the involvement of both offensive acid-
pepsin secretion and free radical generation and defen-
sive factors like mucus secretion, mucosal glycoproteins,
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life span of mucosal cells and antioxidant status of gas-
tric mucosa which were increased and decreased res-
pectively [10,11].
Pro-inflammatory cytokines like tumor necrosis factor-α

(TNF-α), Interleukin-1β (IL-1β), Interleukin-6 (IL-6) and
growth factors including insulin like growth factor-1
(IGF-1) play an important role in the pathogenesis of
chronic diseases like autoimmune diabetes and gastric
ulcers [12,13]. Growth factors like vascular endothelial
growth factor (VEGF), basic fibroblast growth factor,
transforming growth factor-α (TGF-α) are having major
role in tissue healing processes including that of gastric ul-
cers [9,14]. Recently, we reported the healing effects of
ethanolic extract of dried fruit pulp of MS (MSE) on acetic
acid induced gastric ulcer in normal (NR) rat and found
the role of cytokines, TNF-α, IL-1β and growth factor,
TGF-α in healing ulcer [15].
Hypoglycemic activity has been reported from green

fruit of plantain banana. Further, leucocyanidin, a flavo-
noid, was isolated from plantain banana and its dime-
thoxy derivative, leucocyanidin 3-O-beta-D-galactosyl
cellobioside, demonstrated hypoglycemic effect in expe-
rimental animal [16,17]. Therefore, the present study
was extended to evaluate the healing effects of MSE (test
drug) in acetic acid-induced gastric ulcer in diabetic
(DR-AA) rat and its effects on TNF-α, IL-1β and TGF-α.
The effects of MSE on gastric ulcer, TNF-α, IL-1β
and TGF-α were compared with anti-ulcer drugs,
omeprazole (OMZ, proton pump inhibitor) and pen-
toxyphylline (PTX, an inhibitor of TNF-α, a promin-
ent inflammatory marker) and hypoglycemic drug,
insulin (positive controls) and CMC-treated (negative
control) in DR-AA rat.

Methods
Animals
Inbred Charles-Foster albino rats (200–250 g) of either
sex were obtained from the central animal house of
Institute of Medical Sciences, Banaras Hindu University,
Varanasi. They were kept in the departmental animal
house at 26 ± 2°C and relative humidity 44-56%, light
and dark cycles of 10 and 14 hours respectively for
1 week before and during the experiments. Animals
were provided with standard rodent pellet diet (Pashu
Aahar, Ramnagar). Food was withdrawn 18–24 hours be-
fore the experiment though water was allowed ad libi-
tum. Animals were divided into seven groups containing
6 animals each. First two groups were having normal
rats while 3rd to seventh groups had diabetic rats. Gas-
tric ulcers were produced with acetic acid in all the
groups except 1st group (NR + NS), where NS was ap-
plied to the stomach wall instead of acetic acid. 1st to 3rd

groups received CMC orally while 4th to 7th groups re-
ceived ethanolic extract of fruit pulp of Musa sapientum
(MSE), omeprazole (OMZ), insulin (INS) and pentoxy-
phylline (PTX) for 10 days respectively after induction
of GU with acetic acid. ‘Principles of laboratory ani-
mal care’ (NIH publication no. 82–23, revised 1985)
guidelines were followed. Approval from the Institu-
tional Animal Ethical Committee was taken prior to
the experimental work (Dean 542/02/ab/CPCSEA dated
23.8.2002).

Collection and preparation of extract
Big sized, unripe, green plantain banana fruits (Musa
sapientum Linn. var. paradisiaca, MS) collected during
the month of November were obtained from the local
market and identified by Prof. V.K. Joshi, Department of
Dravyaguna, Faculty of Ayurveda, IMS, BHU. A Sample
specimen (MS-09/231) was preserved in the Department
of Dravyaguna, IMS, BHU, Varanasi. The skin of the
fruit was peeled off and the pulp was cut into small
pieces and dried at room temperature. After shade dry-
ing powder of the pulp was prepared from the small
pieces and used for extraction. The ethanolic extract
(MSE) was prepared by adding 1 liter of ethanol twice,
at an interval of two days. The ethanol containing ex-
tract so obtained each time was mixed and later dried in
vacuum drier. MSE was stored at −20°C until further
use. The yield of the extract was 1.6% (w/w).

Phytochemical study
Chemical constituents like saponins, flovonoids, glyco-
sides, steroids and alkaloids were estimated in the MSE
following the standard procedures [18].

HPTLC finger printing evaluation
MSE was subjected to HPTLC (CAMAG TLC system)
finger printing analysis. The extracts were diluted in
order to get a concentration of 1 μg/μl and applied on
pre- coated silica gel G60 F254 plates (10x10, 2 mm
thickness, E. Merck) by using LINOMAT IV spotter.
The plate was then developed in CAMAG flat bottom
chamber under conditions of partial or complete satu-
ration of the tank atmosphere with solvent vapors. The
solvent system used was chloroform: methanol: formic
acid (9:1:0.5). The plate was carefully dried and sprayed
with anisaldehyde-sulphuric acid followed by heating at
110°C for 5–10 min. The detection of spots was made
by using Hg lamp at 254 nm and images were recorded
by using CAMAG Reprostar 3. The plate was scanned
by using CAMAG TLC scanner 3 with WinCATS eva-
luation software.

Drugs and chemicals
Streptozotocin (St. Louis, MO, USA), omeprazole (Cipla,
Mumbai, India) and pentoxyphylline (Abbott, Bangalore,
India) were used in the present study.
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Induction of diabetes
Diabetes was induced in adult rats (200–250 g) by a sin-
gle intraperitoneal injection of streptozotocin (STZ,
60 mg/kg) dissolved in citrate buffer (pH 4.5) and fed
normally thereafter [19] while, the control rats received
citrate buffer only. Blood samples were collected from
the retro-orbital plexus of the rats and serum was sepa-
rated by centrifugation at 3000 rpm for 3 minutes. The
blood glucose levels were estimated in the unhemolysed
serum by Glucose oxidase-peroxidase (GOD-POD) me-
thod using glucose diagnostic kit (Ranbaxy Laboratories
Ltd, India). Blood glucose level (BGL) was estimated
after 48 hours and two weeks of streptozotocin adminis-
tration and rats showing BGL above 250 mg/dL under
non fasting conditions were selected for gastric ulcer
study. Body weight changes have been observed before
(0 day), after 14 days post diabetic or normal rats
and on the 10th day of AA-induced GU after CMC/
MSE/OMZ/INS/PTX treatments (24th day) in normal
and diabetic rats.

Acetic acid- induced gastric ulcer in diabetic rats and
treatment protocol
Diabetic rats were anaesthetized with pentobarbitone
(35 mg/kg, intraperitoneal). The abdomen was cut open
with an incision and the stomach was visualized. A cy-
lindrical glass tube of 6 mm in diameter was tightly
placed upon the anterior serosal surface of the glandular
portion of stomach 1 cm away from the pyloric end.
100% acetic acid (0.06 ml/animal) was instilled into the
tube and allowed to remain 60 seconds on the gastric
wall. After removal of the acid solution, the abdomen
was closed in two layers and animals were caged and fed
normally. MSE (100 mg/kg, oral), OMZ (2.0 mg/kg,
oral), INS (4U/kg, subcutaneous) and PTX (10 mg/kg,
oral) were administered, once daily, first dose being
given 4 hours after the application of acetic acid on day
1 and then continued up to 10 days. The animals were
put on fast for 24 hours after the last dose of test drugs
on 10th day and sacrificed by euthanasia on 11th day of
experiment to assess the gastric ulcer size and healing.
Ulcer index was calculated based upon the product of
length and width (mm2/rat) of ulcers [20].

TNF-α, IL-1β and TGF-α estimations
TNF-α, IL-1β and TGF-α were estimated in intact gas-
tric mucosa and from gastric mucosa of diabetic rats ex-
posed to acetic acid with or without different drug
treatments. Mucosa from the glandular portion of sto-
mach were scraped off from the ulcerated/intact area
using sterilized glass slides and stored at −80°C until
analysis. Total RNA was extracted from mucosa samples
by the method of Chomczynski and Sacchi (1987) [21]
using the extraction kit from Bangalore Genei, India.
The isolation of RNA was quantified and 5 μg of total
RNA was used to prepare cDNA. The PCR mixture was
amplified in a DNA thermal cycler with the specifica-
tions described in materials and methods. Thus β-actin,
IL-1β, TNF-α and TGF-α were estimated. The results
have been expressed as ratio of the cytokines/growth
factor to β-actin in the different treated groups.

Total RNA isolation from gastric mucosa
Approximately 100 mg of gastric mucosal scrapping
from the glandular region (site of ulcer area) near to the
ulcerated area was taken into DEPC treated tube and
homogenized with 1 ml of denaturing solution. To this
1 ml of water saturated phenol followed by 200 μl of
chloroform – isoamyl alcohol mixture (freshly prepared
in the ratio of 49:1) was added and mixed thoroughly.
The mixture was incubated in ice for 15 minutes and
centrifuged at 10000 rpm for 20 minutes at 4°C. The
upper layer was carefully removed in to another DEPC
treated tube and 1 ml of 100% isopropanol was added
and kept at −20°C for 30 minutes to precipitate the
RNA. Again the mixture is centrifuged at 10000 rpm for
20 minutes at 4°C and the supernatant was discarded.
The pellet was resuspended in 0.3 ml of denaturing so-
lution and precipitated by adding equal amount of
100% isopropanol. This mixture was kept at −20°C
for 30 minutes and centrifuged at 10000 rpm for 20
minutes at 4°C. The supernatant was discarded and
the pellet was washed with 75% ethanol to remove
any residual amounts of guanidine for 15 minutes.
Again the content was centrifuged for 20 minutes at
4°C at 10000 rpm. The supernatant was discarded
and the pellet containing RNA was dissolved in 100 –
200 μl of DEPC treated water and incubated at 55°C
for 10–15 minutes. This total RNA was stored at −70°C
until further use. The total RNA was quantified by taking
the absorbance at 260 nm (A260) and by using the fol-
lowing formula i.e. concentration of RNA sample = 40 ×
A260 × dilution factor i.e. an absorbance of 1 unit at A260

corresponds to 40 μg of RNA per ml (This relation is valid
only for measurements in water).

First strand cDNA synthesis
5 μg of total RNA was taken from each sample in a ste-
rile RNA free (DEPC treated) tube and sterile water was
added to make up the final volume to 9 μl. To this 1 μl
of Oligo (dT)18 primer was added and placed at 65°C for
10 minutes and then at room temperature for 2 minutes.
To this 1 μl of RNAs inhibitor, 1 μl of 0.1 M DTT, 4 μl
of RT buffer (5x), 2.0 μl of 30 mM dNTP mix, 0.5 μl of
Reverse Transcriptase and 1 μl of sterile water were
added and mixed well. The mixture was kept at 42°C for
1 hour and incubated at 95°C for 2 minutes and kept in
ice quickly. This cDNA product can be directly used for
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PCR amplification or otherwise store at −20°C for fur-
ther use.

Polymerase chain reaction (PCR) amplification
The resultant cDNA (2 μl) was amplified in a 50 μl reac-
tion volume containing 2 U of Taq polymerase, dNTP
1 μl (30 mM), 5 μl of 10 × PCR buffer and specific
primers (forward and reverse) were used at a final con-
centration of 1 mM. The polymerase chain reaction mix-
ture was amplified in a DNA thermal cycler (MJ
Research) and the incubation and thermal cycling
conditions were as followed: denaturation at 94°C for
2 minutes, annealing at 60, 66 and 62°C for β actin,
TGF – α, IL – β and TNF – α respectively and ex-
tension at 72°C for 50 seconds and final extension for
2 minutes. The number of cycles is 30 for all the re-
actions. The nucleotide sequence of the primers were
as followed: β actin, sense 5′-TTG TAA CCA ACT
GGG ACG ATA TGG – 3′; antisense 3′ – GAT CTT
GAT GGT GCT AGG – 5′ (764 bp); TGF – α sense
5′ – ATG GTC CCC GCG GCC GGA CA- 3′; anti-
sense 3′ – GAC CAC TGT CTC AGA GTG GCA
GCA AGG CAG TCC TTC TTT – 5′ (476 bp); IL –
1β sense 5′- GCT ACC TAT GTC TTG CCC GT -3′;
antisense 3′ – GAC CAT TGC TGT TTC CTA GG – 5′
(543 bp); TNF – α sense 5′ – TAC TGA ACT TCG GGG
TGA TTG GTC C – 3′; antisense 3′ – CAG CCT TGT
CCC TTG AAG AGA ACC – 5′ (295 bp). The primers
were selected based on the sequences published in earlier
study [9] were synthesized by Bangalore Genei, Bangalore,
India.
Polymerase chain reaction products were detected by

electrophoresis on a 1.5% agarose gel containing eth-
idium bromide. Location of predicted product was con-
firmed by using 300-bp DNA ladder (Bangalore Genei,
India) as a standard size marker. The gel was then
photographed by under UV transillumination. The den-
sity of the PCR products was measured by using alpha
imager software. The signal for PCR products were stan-
dardized against that of β-actin mRNA from each sam-
ple and the results were expressed as PCR product/β
actin mRNA ratio.

Statistical analysis
Unpaired Student‘t’ test was used for Statistical compari-
son between two groups. Comparisons involving more
than two groups were performed using one way analysis
of variance (ANOVA) and for multiple comparisons
versus control group was done by Dunnett’s test.

Results
Phytochemical study
Preliminary phytochemical screening of MSE showed
the presence of saponins, flovonoids, glycosides, steroids
and alkaloids by chemical testing. The finger printing of
High-Performance Thin-Layer Chromatography (HPTLC)
chromatogram showed the presence of at least eight active
compounds (Figure 1). The analysis of retention factor
and colors of the resolved bands at 254 nm at Rf 0.71 in
MSE could be a flavonoid, leucocyanidin as earlier re-
ported by Prabha and associates [17] where they have
shown the similar result with the methanolic extract of
Musa sapientum fruit.

Blood glucose study
Normal (NR) + NS (98.7 ± 6.0 mg/dL) and NR + AA
(106.3 ± 5.8 mg/dL) rats showed little or no change in
blood glucose level (BGL). A dose-dependent anti-
hyperglycemic study was undertaken with 50, 100 and
200 mg/kg of MSE administered for 10 days to diabetic
rats and a decrease of 11.0, 17.0 and 19.9% (P < 0.3 to
P < 0.1, n = 6) in BGL was observed (BGL- 297.6 ±
21.2 mg/dL). MSE (100 mg/kg) tended to decrease
(17.0% decrease, P < 0.1) but INS decreased the BGL
(61.4% decrease, P < 0.05) while, OMZ and PTX showed
little or no change in BGL compared with DR + AA
group. However, dose of 100 mg/kg was selected for fur-
ther study as this dose was earlier found effective in hea-
ling acetic acid-induced gastric ulcer in normal rats15.

Body weight changes
The mean ± SE body weights of rats in all the 7 groups
studied at 0 day showed a range of 201.3 ± 3.4 to
205.4 ± 2.9 g/rat at the start of experiment. 1st and
2nd were normal rat groups while 3rd to 7th was dia-
betic rat groups. Increase in body weight was ob-
served in 1st (8.9%, P < 0.05) and 2nd (5.6%) groups
while the diabetic rats of 3rd to 7th group showed decrease
in body weight by 8.7 to 11.3% (P < 0.05 to P < 0.01) re-
spectively on 14th post normal/diabetic day compared
with their respective 0 day value. There was significant
gain in weight after treatments with MSE (9.7%, P < 0.05)
and INS (15.3%, P < 0.01) while, little increase in body
weight was observed with OMZ (3.4%) and PTX (4.7%)
treatments compared to their respective 14 days value.
However, diabetic control rats did not show any increase
in their body weight from its 14 day value.

Gastric ulcer healing
NR+AA rat showed increase in ulcer index (UI-14.3 ±
2.3, P <0.05) compared to NR +NS (No ulcer) rat while,
DR +AA rat showed further increase in ulcer index
(108.4% increase, P < 0.05) compared to NR +AA rat in-
dicating increased propensity to ulceration and delay in
ulcer healing. DR +AA rats, treated with OMZ, INS and
PTX showed decrease in ulcer index by 39.3, 38.6 and
43.3% respectively (near to NR +AA level) while, MSE
showed decrease by 63.8%, less than the value of NR +AA



Peaks Start Rf End Rf Max Rf

1. 0. 01 0.015 0.01

2. 0.20 0.24 0.21

3. 0.42 0.49 0.45

4. 0.58 0.60 0.59

5. 0.60 0.71 0.68

6. 0.72 0.78 0.74

7. 0.78 0.84 0.81

8. 0.84 0.96 0.93

Figure 1 The finger printing of HPTLC chromatogram of MSE.
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rats indicating better healing by MSE compared to OMZ,
INS or PTX (Figure 2).

TNF-α, IL-1β and TGF-α
The results of TNF-α, IL-1β and TGF-α have been
expressed as ratio of the cytokines/growth factor to
β-actin (Figures 2 and 3).

TNF-α and IL-1β
NR + AA rats showed increase in the gastric mucosal
TNF-α by 265.1% (P < 0.05) and IL-1β by 52.8% (P < 0.05)
compared to NR +NS (intact mucosa) rats. DR + AA rats
showed further increase in the levels of IL-1β and TNF-α
by 345.0 and 102.5% respectively (P < 0.05) compared to
respective NR +NS rats and by 21.9 and 32.6% increase
(P < 0.05) compared to respective NR +AA rats. Treat-
ments of DR +AA rats with hypoglycemic drug, INS and
anti ulcer drugs, MSE and OMZ and PTX reversed the
levels of IL-1β and TNF-α near to the NR +AA level.
However, both MSE and PTX showed better decreasing
effects on TNF-α and IL-1β compared to OMZ or INS
(Figures 2 & 3).

TGF-α
NR + AA rats showed significant increase in gastric mu-
cosal TGF-α (165.1% increase, P < 0.05) compared to
NR +NS rats. However, TGF-α was not further in-
creased in DR + AA rats compared to NR + AA group.
Treatments of DR + AA rats with OMZ and INS did not
increase the TGF-α level further while, MSE and PTX
tended to increase TGF-α (Figures 2 & 3).

Discussion
Experimental diabetic rats have shown increased pro-
pensity to gastric ulceration and impaired healing of gas-
tric lesions [8,9] and this aggravation of ulcer/delayed
healing were reversed by agents correcting blood su-
gar level [22]. Non-insulin dependent diabetes mellitus
(NIDDM) increased the propensity to gastric ulceration
by enhancing offensive, acid-pepsin secretion and gastric
mucosal free radicals, lipid peroxidation (LPO), nitric
oxide (NO) and decreasing mucosal glycoprotein and
antioxidants, superoxide dismutase (SOD) levels [10].
Streptozotocin (STZ) is widely used to induce experi-

mental diabetes in animals and its cytotoxic action is
mediated by reactive oxygen species. STZ seems to be
more specific as there is uptake by beta cell specific
GLUT2, but not by other glucose transporters and
have less side effects. It causes activation of poly ADP-
ribosylation, which leads to formation of superoxide ra-
dicals and as a result, β cells undergo the destruction by
necrosis [23]. The mechanism underlying the increased



Figure 2 Effects of ethanolic extract of fruit pulp of Musa sapientum (MSE, 100 mg/kg × 10 days), omeprazole (OMZ, 2 mg/kg × 10
days), insulin (INS, 4U/kg × 10 days) and pentoxyphylline (PTX, 10 mg/kg × 10 days) on rat gastric ulcer index and gastric mucosal
cytokines, tumor necrosis factor-α (TNF- α) and interleukin-1β (IL-1β) and transforming growth factor- α (TGF- α) as ratio to β actin in
acetic acid (AA)-induced gastric ulcer in normal (NR) and diabetic (DR) rats. Results are mean + SEM, 4 animals in cytokines and growth
factor study and 6 animals in gastric ulcer study. CMC, MSE, OMZ and PTX were administered orally while; INS was given by subcutaneous route.
*P <0.05 compared to NS group, aP <0.05 compared to NR + AA group and +P <0.05 compared to DR + AA group (Statistical analysis was done
by one way ANOVA followed by Dunnett’s test for multiple comparisons).
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susceptibility of gastric mucosa in diabetic animals to
damage is multifactorial and includes the attenuation of
angiogenesis as well as the increased production of proin-
flammatory cytokines, TNF-α and IL-1β which result in
sustained inflammatory reaction and delaying healing
process at the ulcer area [9]. The major mechanism by
which cytokines exert their deleterious influences on ulcer
healing may involve the inhibition of growth factors
responsible for mucosal regeneration and recovery from
the damage [24]. It has also been reported that TNF-α
augments the production of IL-1β and other cytokines,
leading to neutrophil accumulation [25] and enhanced
production of ROS in the gastric mucosa exposed to
ischemia-reperfusion. Pentoxifylline, an inhibitor of



TGF-α 
(476 bp)

IL-1β
(543 bp)

TNF-α 
(295 bp)

β-actin 
(764 bp)

M    1     2    3     4     5     6    7    8

Figure 3 Effect of MSE, OMZ, INS and PTX on gastric mucosal
TNF-α, IL-1β and TGF-α levels in diabetic rats (DR) (RT-PCR
method). Lane M: Marker. Lane 1: NR + NS. Lane 2: NR + AA. Lane 3:
DR + AA. Lane 5: DR + AA + MSE. Lane 6: DR + AA + OMZ. Lane 7:
DR + AA + INS. Lane 8: DR + AA + PTX.
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TNF-α has been reported to accelerate healing of the
acetic acid-induced gastric ulcers in rats possibly via
inhibition of TNF-α production [13]. It has been re-
ported that the enhancement of cell proliferation during
ulcer healing may be mediated by increased release of
EGF and TGF-α. It has also been reported that despite the
increase in TGF-α level in the diabetes rats with co-
occurring gastric ulceration the healing was delayed due
to unknown mechanism/s. It was proposed that the hyper-
glycemia in diabetic animals could induce some structural
modifications of TGF-α or its receptors in the ulcer area,
leading to the dysfunction of this growth factor during
diabetes mellitus [9,26].
Acetic acid (AA)-induced ulcer in rat were reported to

have close resemblance with clinical ulcers in location,
chronicity and severity and serves as the most reliable
model to study ulcer healing process [20]. In the present
study, we have observed increased levels of proinflam-
matory cytokines TNF-α and IL-1β in the gastric mu-
cosa of normal rats treated with acetic acid. Diabetic rats
showed a further increase in their level compared to nor-
mal rats when subjected to acetic acid-induced gastric ul-
ceration. The above observation has been in confirmation
with the earlier reported works [13,27,28]. MSE was re-
ported to reverse the increase of TNF-α and IL-1β in GU
induced by AA in normal rats and promoted ulcer healing
by its various effects on gastric mucosal defensive factors
including enhanced cell proliferation and antioxidants and
reducing free radicals levels [7,15]. The treatment with in-
sulin reversed the impaired ulcer healing in diabetic ani-
mals, mainly due to the normalization of hyperglycemia,
but not to the direct effect of insulin on the ulcer healing
because insulin administered to non-diabetic rats did not
show any effect in ulcer healing [27]. This showed that an-
tidiabetic drugs were effective by correcting the increased
glucose level thereby reducing the levels of these cytokines
whereas, anti ulcer drug (omeprazole) was enhancing the
ulcer healing and reducing their level [15]. TNF-α was re-
ported to stimulate the up regulation of IL-1β levels, so by
controlling the TNF-α expression the IL-1β expression
could be controlled. This may be the mechanism by which
pentoxifylline decreases both the cytokines levels [29].
The present work showed increase in TGF-α level in

rats treated with acetic acid. However, no further in-
crease in TGF-α level was found in diabetic rats and this
observation is consistent with previous observations
showing the importance of this growth factor in the
process of ulcer healing. However, the fact that a delay
of healing of the gastric ulcers in the diabetic state, des-
pite increased expression of TGF-α, indicates that the
healing effects of this growth factor may be attenuated
by some unknown mechanism. This militates against the
major role of this factor in the observed delay in healing
of gastric ulcers under diabetic conditions. One possibi-
lity is that the hyperglycemia in diabetic animals could
induce some structural modifications of TGF-α or its re-
ceptors or decrease the availability of essential ingre-
dients required for normal healing in the ulcer area,
leading to the dysfunction of this growth factor during
diabetes mellitus. Further studies are needed to answer
the question why increased expression of TGF-α does
not contribute to the release of a functionally active
growth factor [9]. It was also reported that the increased
TGF-α level might increase the cell proliferation [30].
MSE showed a tendency to increase TGF-α level in dia-
betic rats. This may be better correlated with cell pro-
liferation as MSE has been reported to increase cell
proliferation [4].
Hypoglycemic activity due to stimulation of insulin

production and glucose utilization has been reported
from green fruit of plantain banana and fibers from fruit
were found to increase glucogenesis in the liver and lo-
wered fasting blood glucose. Musa sapientum has been
reported to contain β-sitosterols, leucocyanidin, sryngin,
quercetin, sterylglycosides, aminoacids etc. β-sitosterols
and dimethoxy derivative of leucocyanidin, leucocyani-
din 3-O-beta-D-galactosyl cellobioside, have demonstrated
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hypoglycemic effect in experimental animal [16]. Flavo-
noids are most commonly known for their antiulcer ac-
tivity, lipid lowering activity, anti-inflammatory activity,
antioxidant activity, antimicrobial activity [31] and anti-
hyperglycaemic [32] activities. HPTLC fingerprinting of
MSE demonstrated eight active constituents where one of
the constituents may be leucocyanidin, as reported earlier
by Prabha and associates [17], who have compared the
constituent with authenticated standard leucocyanidin.
Alkaloids have been reported to show anti-diabetic and
anti-inflammatory, antioxidant activity [33] while saponins
showed anti-diabetic effects [34].

Conclusion
The presence of many active constituents like flavonoids,
saponins, glycosides and alkaloids in MSE, having prom-
inent anti-hyperglycemic, antioxidants and ulcer healing
properties, may contribute in healing of chronic diabetic
gastric ulcer possibly by decreasing gastric mucosal cyto-
kines, IL-1β and TNF-α and enhancing, growth factor,
TGF-α. The possible control of blood sugar level by
MSE has additionally reversed the adverse effects of dia-
betes on ulceration and cytokines. PTX, an inhibitor of
TNF-α, a prominent inflammatory marker, and MSE
showed better healing effect in DR-AA rat than omepra-
zole or insulin. Thus, MSE could be a better choice in
diabetes with concurrent peptic ulcer.

Abbreviations
PCR: Polymerase chain reaction; TNF-α: Tumor necrosis factor-α; IL-1β:
Interleukin-1β; TGF-α: Transforming growth factor-α; AA: Acetic acid;
GU: Gastric ulcer; DR: Diabetic rat; MSE: Musa sapientum extract; OMZ:
Omeprazole; INS: Insulin; PTX: Pentoxyphylline; HPTLC: High-performance
thin-layer chromatography, NR, Normal rat; SOD: Superoxide dismutase;
CAT: Catalase; GSH: Glutathione peroxidase; LPO: Lipid peroxidation;
NO: Nitric oxide; IGF-1: Insulin like growth factor-1; VEGF: Vascular endothelial
growth factor; TGF-α: Transforming growth factor-α; CMC: Carboxyl methyl
cellulose; STZ: Streptozotocin; BGL: Blood glucose level; RNA: Ribonucleic
acid; DEPC: Diethylpyrocarbonate; cDNA: Complementary deoxyribonucleic
acid; DTT: Dithiothreitol; dNTP: Deoxyribonucleotide triphosphate;
DNA: Deoxyribonucleic acid; bp: Base pair; UV: Ultraviolet–visible; UI: Ulcer
index; NIDDM: Non-insulin dependent diabetes mellitus.

Competing interests
We declare that we have no conflict of interests.

Authors’ contributions
MK: performed the study as his PhD work; MKG: literature search, data
acquisition, data analysis and prepared the manuscript; AS: helped in the
preparation of the extracts and experimental studies; RKG: supervised and
evaluated the data and review the manuscript for publication. All authors
read and approved the final manuscript.

Acknowledgement
This paper is dedicated in the memory of my revered ‘Teacher and mentor’,
Late Prof. A.K. Sanyal, Department of Pharmacology, Institute of Medical
Sciences, Banaras Hindu University who had started the research work on
plantain banana.

Received: 25 May 2013 Accepted: 24 October 2013
Published: 5 November 2013
References
1. Sanyal AK, Goel RK: Pharmacology of gastrointestinal tract. In Current

research in pharmacology in India (1975–1982). Edited by Das PK, Dhawan
BN. New Delhi, India: Indian National Science Academy; 1984:52–58.

2. Goel RK, Das DG, Sanyal AK: Effect of vegetable banana powder on
changes induced by ulcerogenic agents in dissolved mucosubstances of
gastric juice. Indian J Gastroenterol 1985, 4:249–251.

3. Goel RK, Chakrabarti A, Sanyal AK: The effect of biological variables on the
anti-ulcerogenic effect of vegetable plantain banana. Planta Med 1985,
2:85–88.

4. Goel RK, Gupta S, Shankar R, Sanyal AK: Antiuclerogenic effect of Banana
powder (Musa sapientum var paradisiaca) and its effect on mucosal
resistance. J Ethnopharmacol 1986, 18:33–44.

5. Mukhopadhyaya K, Bhattacharya D, Chakraborty A, Goel RK, Sanyal AK:
Effect of banana powder (Musa sapientum var. paradisiaca) on gastric
mucosal shedding. J Ethnopharmacol 1987, 21:11–19.

6. Goel RK, Sairam K: Antiulcer drugs from indigenous sources with
emphasis on Musa sapientum, Tamrabhasma, Asparagus racemosus and
Zingiber officinale. Indian J Pharmacol 2002, 34:100–110.

7. Goel RK, Sairam K, Rao CV, Raman A: Role of gastric antioxidant and anti-
Helicobacter pylori activities in the antiulcerogenic activity of plantain
banana (Musa sapientum var. paradisiaca). Indian J Exp Biol 2001, 39:719–722.

8. Tashima K, Korolkiewiez RP, Kubomi M, Takeuchi K: Increased susceptibility
of gastric mucosa to ulcerogenic stimulation in diabetic rats: role of
capsaicin-sensitive sensory neurons. Br J Pharmacol 1998, 124:1395–1402.

9. Harsch IA, Brzozowski T, Bazela K, Konturek SJ, Kukharsky V, Pawlik T,
Pawlowskib E, Hahna EG, Konturek PC: Impaired gastric ulcer healing in
diabetic rats: role of heat shock protein, growth factors, prostaglandins
and proinflammtory cytokines. Eur J Pharmacol 2003, 481:249–260.

10. Kumar MM, Joshi MC, Prabha T, Dorababu M, Goel RK: Effect of plantain
banana on gastric ulceration in NIDDM rats: role of gastric mucosal
glycoproteins, cell proliferation, antioxidants and free radicals. Indian J
Exp Biol 2006, 44:292–299.

11. Joshi MC, Dorababu M, Prabha T, Kumar MM, Goel RK: Effects of
Pterocarpus marsupium on NIDDM- induced rat gastric ulceration and
mucosal offensive and defensive factors. Indian J Pharmacol 2004,
36:296–302.

12. Alexandraki K, Piperi C, Kalofoutis C, Singh J, Alaveras A, Kalofoutis A:
Inflammatory process in type 2 diabetes. In The role of cytokines. New
York: Academic Science; 2006:89–117.

13. Kwiecien S, Brzozowski T, Konturek PC, Pawlik MW, Pawlik WW, Kwiecien N,
Konturek SJ: Gastroprotection by pentoxyfilline against stress-induced
gastric damage: role of lipid peroxidation, antioxidizing enzymes and
proinflammatory cytokines. J Physiol Pharmacol 2004, 55:337–355.

14. Tarnawski AS: Cellular and molecular mechanisms of gastrointestinal
ulcer healing. Dig Dis Sci 2005, 50(Suppl 1):S24–S33.

15. Kumar MM, Singh A, Gautam MK, Goel RK: Role of cytokines and
growth factor in gastric ulcer healing effects of unripe plantain banana
(Musa sapientum var. paradisiaca). In Translational Research in new Drug
Development. Volume 1. 1st edition. Edited by Ray A, Gulati K. Delhi, India:
Vidyanilayam Prakashan; 2012:269–284.

16. Imam MZ, Akter S: Musa paradisiaca L. and Musa sapientum L.:
a phytochemical and pharmacological review. J App Pharm Sci 2011,
1:14–20.

17. Prabha P, Karpagam T, Varalakshmi B, Packiavathy ASC: Indigenous
anti-ulcer activity of Musa sapientum on peptic ulcer. Phcog Res 2011,
3:232–238.

18. Trease GE, Evans WC: Textbook of Pharmacognosy. 12th edition. London:
Balliese Tindall and Company Publisher; 1983:343–383.

19. Takeuchi K, Takehara K, Tajima KS, Hirata T: Impaired healing of gastric
lesions in Streptozotocin-induced diabetic rats: effect of basic fibroblast
growth factor. J Pharmacol Exp Ther 1997, 281:200–207.

20. Okabe S, Amagase K: An overview of acetic acid ulcer models-the history
and state of the art of peptic ulcer research. Biol Pharm Bull 2005,
28:1321–1341.

21. Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid
guanidinium thicyanate-phenol-chloroform extraction. Anal Biochem
1987, 162:156–159.

22. Joshi MC, Kumar MM, Prabha T, Dorababu M, Goel RK: Status of mucosal
offensive and defensive factors in pylorus ligated-induced gastric ulceration
in NIDDM rats vis-à-vis plantain banana. J Nat Rem 2007, 7:111–117.



Kumar et al. BMC Complementary and Alternative Medicine 2013, 13:305 Page 9 of 9
http://www.biomedcentral.com/1472-6882/13/305
23. Szkudelski T: The Mechanism of Alloxan and Streptozotocin Action in
B Cells of the Rat Pancreas. Physiol Res 2001, 50:536–546.

24. Nakamura E, Takahashi S, Matsui H, Okabe S: Interleukin-1β inhibits growth
factor stimulated restoration of wounded rat gastric epithelial cell
monolayers. Dig Dis Sci 1998, 43:476–484.

25. Kokura S, Wolf RE, Yoshikawa T, Granger DN, Aw TY: T-lymphocyte derived
tumor necrosis factor alpha exacerbates anoxia-reoxygenation induced
neutrohil endothelial cell adhesion. Circulat Res 2000, 86:205–213.

26. Facchiano F, Lentini A, Fogliano V, Mancarella S, Rossi C, Facchiano MC,
Capogrossi MC: Sugar-induced modification of fibroblast growth factor
2 reduces its angiogenic activity in vivo. Am J Pathol 2002, 161:531–541.

27. Brzozowska I, Targosz A, Sliwowski Z, Kwiecien S, Drozdowicz D, Pajdo R,
Konturek PC, Brzozowski T, Pawlik M, Konturek SJ, Pawlik WW, Hahn EG:
Healing of chronic gastric ulcers in diabetic rats treated with native
aspirin, nitric oxide (NO)-derivative of aspirin and cyclooxygenase
(COX)-2 inhibitor. J Pharm Pharmacol 2004, 55:773–790.

28. Ohba R, Otaka M, Odashima M, Jin M, Komatsu K, Konishi N, Wada I,
Horikawa Y, Matsuhashi T, Oyake J, Hatakeyama N, Watanabe S:
Effect of cilostazol, a selective type-III phosphodiesterase inhibitor,
on water-immersion stress-induced gastric mucosal injury in rats.
J Gastroenterol 2006, 41:34–40.

29. Shimizu N, Watanabe T, Arakawa T, Fujiwara Y, Higuchi K, Kuroki T:
Pentoxifylline accelerates gastric ulcer healing in rats: role of tumor
necrosis factor alpha and neutrophils during the early phase of ulcer
healing. Digestion 2000, 61:157–164.

30. Konturek PC, Brzozowski T, Konturek SJ, Ernst H, Drozdowicz D, Pajdo R,
Hahn EG: Expression of epidermal growth factor and transforming
growth factor alpha during ulcer healing: time sequence study.
Scand J Gastroenterol 1997, 32:6–15.

31. Narayana KR, Reddy MS, Chaluvadi MR, Krishna DR: Bioflavonoids
classification, pharmacological, biochemical effects and therapeutic
potential. Indian J Pharmacol 2001, 33:2–16.

32. Rauter AP, Martins A, Borges C, Mota-Filipe H, Pinto R, Sepodes B, Justino J:
Antihyperglycaemic and protective effects of flavonoids on streptozotocin–
induced diabetic rats. Phytother Res 2010, 24(Suppl 1):S133–S138.

33. Singh A, Duggal S, Kaur N, Singh J, Berberine: Alkaloid with wide spectrum
of pharmacological activities. J Nat Prod 2010, 3:64–75.

34. Yuan CS, Wang CZ, Wicks SM, Qi LW: Chemical and pharmacological
studies of Saponins with a fon American ginseng. J Ginseng Res 2010,
34:160–167.

doi:10.1186/1472-6882-13-305
Cite this article as: Kumar et al.: Healing effects of Musa sapientum var.
paradisiaca in diabetic rats with co-occurring gastric ulcer: cytokines
and growth factor by PCR amplification. BMC Complementary and
Alternative Medicine 2013 13:305.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Animals
	Collection and preparation of extract
	Phytochemical study
	HPTLC finger printing evaluation
	Drugs and chemicals
	Induction of diabetes
	Acetic acid- induced gastric ulcer in diabetic rats and treatment protocol
	TNF-α, IL-1β and TGF-α estimations
	Total RNA isolation from gastric mucosa
	First strand cDNA synthesis
	Polymerase chain reaction (PCR) amplification
	Statistical analysis

	Results
	Phytochemical study
	Blood glucose study
	Body weight changes
	Gastric ulcer healing
	TNF-α, IL-1β and TGF-α
	TNF-α and IL-1β
	TGF-α

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	References

