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ABSTRACT

Diabetes mellitus is one of metabolic disorder with high level of blood sugar glu-
cose and reduces pancreatic-insulin levels that are altered by unhealthy food and
lifestyle. To manage the blood glucose and insulin level, we need the diabetes
dietary management related with insulin gene cascade. The purpose of this study
was to investigate the influence glucomannan fiber to mRNA level of the insulin
gene and genes cascade expression of target cells of type 1 diabetic rat. Three-
month-old male (Rattus norvegicus strain Wistar) were fed with fiber of gluco-
mannan of Amorphophallus muelleri Blume with dosage 0,06g/kg BW and
0.12g/kg BW every day during one month. RNA dot blotting with specific cDNA
probe was performed mRNA level of insulin gene. The result of this study showed
that glucomannan could reduce of body weight and blood glucose level signifi-
cantly. The mRNA level of insulin gene of diabetic rats-treated 0.12g/kg BW glu-
comannan fiber dosage was the highest significance level among of all groups. In
histopathological analysis, glucomannan was increasing significantly in IRS-1
level expression proliferate properly and consistently increasing of the PI3-K ex-
pression level in treated diabetic rats. This study indicates that the 0.12g/kg BW
glucomannan was optimum dosage that effectively as role for alternative high-
fiber therapy of type 1 diabetic through insulin receptor tyrosine kinase pathway.

Keywords: Beta pancreatic cells, glucomannan, mRNA of insulin gene, stz-
induced diabetic rat

Introduction

Diabetes mellitus (DM) is a chronic disease
caused by production deficiency of insulin in pan-
creas or ineffectiveness of the insulin production
[1]. According to the World Health Organization
(WHO), the prevalence of DM in Indonesia can
realize 213 million people until 2030 [2]. The one
of cause of diabetes related with life style and diet-
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ary habits is unhealthy consumption that can raise
blood sugar rapidly and elevate the risk develop-
ment of diabetes [1, 3].

Insulin is a hormone produced by pancreatic
beta cells that requires signaling pathways involv-
ing different types of proteins [4]. One type of pro-
tein that plays a role in the signaling pathway is
Insulin Receptor Substrate 1 (IRS-1) and Phos-
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phoinositide 3-kinases (PI3Ks). The insulin bond
at the receptor will induce a conformational
change that results in the phosphorylation of a
number of tyrosine residues in IRS proteins. Phos-
phorylation of the IRS 1 results in secondary sig-
nals connecting the insulin receptor to trans-mem-
brane glucose transport [4, 5].

Healthy nutrition is important for optimum
health, growth and development and can work for
disease defenses. Amorphopallus sp. is Araceae
plant family that grows well in tropical regions,
mostly in Asia. The glucomannan structure has
glucose and mannose ratio 1 : 6 with a polymer
form that was exposed by X-ray [6, 7]. Moreover,
the glucomannan was reported that indices allevi-
ate constipation, reduces intestinal flora, lowers
blood sugar and cholesterol and may possibly pro-
mote weight loss and inhibit metabolic and degen-
erative disease [8, 9]. A lot of research reports the
glucomannan function, but the mechanism path-
way of dietary fiber of glucomannan (Amor-
phophallus muelleri Blume) controlling the diabe-
tes disease is still unclear.

This study has focused to observe the level of
blood glucose, mRNA of insulin gene, insulin re-
ceptor substrate-1 expression, regenerating the
pancreatic beta-cells and hepatocyte cells of PI3-
K expression of STZ-induced diabetic rat provide
by a glucomannan fiber of A. muelleri Blume,
original local plant from East Java forest, at Indo-
nesia. We predict that this glucomannan fiber can
reduce the risk of developing diabetes. The impli-
cation may have therapeutic benefit to control the
blood glucose, regulate the insulin gene metabo-
lism and improve the normal pancreatic 3-cells re-
generation in diabetic metabolic conditions.

Material and Methods
Experimental animals

Twenty male Wistar rats (Rattus novergicus
alvinus, Rodent, Mammalia) taken from animal
centre of LPPM-UGM Yogyakarta, +150g, 3
months old were divided into 4 groups: (1) three
rats of wild type (WT) and non-treatment, (2) three
diabetic rat-induced streptozotocin (STZ) and
non-treatment (3) three diabetic rat-induced strep-
tozotocin (STZ) and treated by 0.06 g/kg body
weight of glucomannan fiber, and (4) three dia-
betic rat-induced streptozotocin (STZ) and treated
by 0.12 g/kg BW of glucomannan fiber. The dia-
betic rats were obtained with single dosage of

Streptozotocin (50 mg/kgBW) (SIGMA- Aldrich)
intraperitoneally.

The fiber of glucomannan was extracted from
dried tuber of A. muelleri Blume. Each of rat of
group 3 and 4 were feeding orally with dosage
0.06g/kgBW and 0.12g/kg BW glucomannan fi-
bers every day during a month. The blood glucose
level was tested before STZ-injection, four days
after injection and continued interval four days un-
til the end of treatment. The all-experimental ani-
mals were handling in the morning every day. Eth-
ical Clearance of Brawijaya University Research
Ethics Committee has approved this research
study.

Histopathology and immunofluorescence analy-
sis

The observations of [(-pancreatic cells-dam-
aged, B-pancreatic normal cells-regenerated, and
hepatocyte cells were performed from tissue par-
affin embedding [10]. The histological slides were
examined by immunofluorescence.

Histological immunofluorescence staining
slides were conducted to determine the IRS-1 ex-
pression on B-pancreatic cells and PI3K expres-
sion in hepatocyte cells. The slides were stained
with primary anti-IRS-1 rabbit polyclonal-IgG (1
: 1500 dilution; Santa Cruz Biotech, INC) anti-
body, antibody of rabbit polyclonal to PI-3-K p85
alpha + gamma (1 : 1500 dilution; Abcam, Hong
Kong) and all slides were counter-stained with
secondary antibody mouse anti-rabbit IgG-FITC.

To visualize and measure the IRS-1 and PI3K
expressions was analyzed using the Flowview
FV3000-Olympus Confocal Laser Scanning Mi-
croscopy. Slides were captured on five microscope
fields. The TRS-1 and PI3K expression was quan-
tified with the Olympus FluoView ver 1.7a soft-
ware and calculated the expression for all groups
(P <0.05).

CDNA of pro-insulin gene probe synthesis

Rat’s pancreatic tissues total RNA isolation
was performed by using QuickPrepTM Total
RNA Extraction Kit (Amersham). Analysis of in-
sulin gene mRNA was performed by RNA dot
blotting with cDNA probe of insulin gene. CDNA
probe was synthesized from total RNA non-dia-
betic rat and constructed by reverse transcription-
PCR of Ready-To-GoTM RT-PCR Beads (Amer-
sham). RT-PCR analysis was done by Takara Gra-
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dients PCR and amplified using the specific pri-
mer of insulin gene, F-INS34 5’-ATT-
GTTCCAACATGGCCCTA-3’ and R-INS333 5’-
TGCAGCCAACCAGATACTTG-3’. The cDNA
purified by the RNA purification kit (IllustraTM
GE Healthcare, Amersham). The cDNA probe of
pro-insulin gene is labelled with biotin-nick trans-
lation mix (Roche).

Measuring mRNA level analyzed by Northern
blot

Level of mRNA pro-insulin gene of each sam-
ple was analysed by Northern blotting using Nylon
membranes HybondTM GE healthcare (Amer-
sham)-N-mounted into dot-blotter (Bio-Rad). One
1l of mRNA of all samples was applied to the dot-
blotter, signed by cDNA probe of pro-insulin
gene-biotin-labelled, performed using Streptavi-
din-horseradish peroxidase (SA-HRP) and visual-
ized by amino ethyl carbazole (AEC) substrates.
Membranes-mRNA-cDNA  probe-labeled was
measured the transcriptional level of pro-insulin
gene by ChemiDoc Gel Imaging (Bio-Rad) and
counted the intensity by Quantity-One software,
(P <0.05).

Statistical analysis

Data analysis results were expressed as means.
The data was variance analyzed (ANOVA) statis-
tically with SPSS 16.0 software (SPSS Inc., Chi-
cago, Illinois, USA). The differences effect and in-
teraction among treatments were considered sig-
nificant when P < 0.05 and then followed up by
Tukey test.

Results and Discussion
Body weight, blood glucose level and mRNA level
of insulin gene

Body weight of wild type rat groups overall
had higher body weight gaining than the diabetic
rat group (Table 1), but it was not significant with
each other (P < 0.05). Likewise, the body weight
gaining of diabetic rat treated glucomannan, both
DM+0.06 g/kg BW and DM+0.12 g/kg BW glu-
comannan is higher than diabetic rat group.
Whereas, DM+0.12 g/kg BW glucomannan rat
group showed the increasing of weight gaining
than 0.06 g/kg BW glucomannan rat group.

The glucomannan fiber is a soluble fiber has
investigated impact on plasma lipids, body weight,
fasting blood glucose and blood pressure [11]. The

body weight, levels of serum triglycerides (TG)
and total cholesterol (TC) in mature male diabetic
rats fed a high-fat diet (HFD) were increasing
significantly [12, 13]. According to Yoshida et al.
(2006), glucomannan diet in diabetic subjects
were reduction body weight, abdominal fat accu-
mulation and inhibition lipid absorption [11, 9].
Recent study report that body weight decreases
relatively after glucomannan feeding in diabetic
rat group. The glucomannan role as a soluble fiber
has investigated impact on plasma lipids, body
weight, fasting blood glucose and blood pressure
[11]. The body weight, levels of serum triglycer-
ides (TG) and total cholesterol (TC) in mature
male diabetic rats fed a high-fat diet (HFD) were
increasing significantly [12, 13] According to Yo-
shida et al. (2006), glucomannan diet in diabetic
subjects were reduction body weight, abdominal
fat accumulation and inhibition lipid absorption
[11,9].

The blood glucose level of diabetic rats-
treated with 0.12 g/kg BW glucomannan fiber dos-
age was significantly lower than both diabetic rats
and rats treated with 0.6g/kg BW glucomannan fi-
ber (P < 0.05) (Table 1). Meanwhile, diabetic rat
group, DM and DM+0.06 g/Kg BW both showed
that the high level significantly compared to all
groups. In addition, DM+0.12 g/kg BW gluco-
mannan group showed decreasing of blood glu-
cose level which is have closed with WT group.
Meanwhile, the wild type was treated with 0.6g/kg
BW and 0.12 g/kg BW glucomannan not show dif-
ferent significantly compared with the wild type
group. The insulin level of diabetic rats-treated
0.12 g/kg BW glucomannan fiber dosage was
highest level expression significantly among of
both diabetic rat (Table 1). However, the insulin
level expression in WT rats-treated 0.06 g/’kg BW
glucomannan fiber was the higher level than both
of diabetic and WT rat group.

The dietary glucomannan also reported in-
creasing gradual absorption of dietary sugar and
decreasing of blood glucose level. According to
Chandalia et al. 2000, glucomannan that contains
soluble fiber can control the glycemic level and
decreased hyperinsulinemia [9, 11]. Supplement
of glucomannan also reported has beneficial ef-
fects to lower blood glucose and cholesterol with
daily dosage of glucomannan 0.7 g KGM/100kcal
intake [15]. From this research, the level of blood
glucose is decreasing in rats-treated with 0.12 g/kg
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Table 1. Body weight, blood glucose level and mRNA level intensity of the insulin gene of wild type and diabetic

rat group
Biological WT WT+0.06g/ WT+0.12¢g/ DM DM+0.06g/k DM+0.12g/
parameters kg BW kg BW g BW kg BW
Body weight 210+5.1 230+229  225+13.23 200 +£13.0 207 £ 3.6 221.3+14.8
Blood 123.8+19.8% 126.1+18.8 127.2+18.1 2744+9.4*% 300+ 10.4** 1249 +8.2*
Glucose
Insulin level 1.0£5.0 3.1+£9.3%* 1.9+2.38 0.51+1.6 0.56 £ 2.8 0.96 + 2.8*

The data represent means + standard deviation. P < 0.05. The blood glucose level was higher significantly of rat
groups (*), and highest among of all groups (**) of wild type and diabetic rat.
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Figure 1. The IRS-1 expression level of WT and STZ-induced diabetic rats in pancreatic tissues were exposing
by Confocal Laser Scanning Microscopy (200x magnification). A) The IRS-1 expression was exposed
by FITC staining and Flowview FV1000 CLSM, B) the target pancreatic tissue structure checked by
HE staining, and C) IRS-1 level expression based on CLSM data-photos. The intensities of IRS-1-FITC
quantified by the Olympus FluoView software (ver 1.7a) of CLSM (P < 0.05). The yellow head arrow
is normal pancreatic [3-cells. The red head arrow is a destructive pancreatic [3- cell. *= Significantly
different.

JTLS | Journal of Tropical Life Science 166 Volume 9 | Number 2 | May | 2019



Fatchiyah F, DA Nurmasari, N Masruro et al., 2019 / Effect Glucomannan for Type 1 Diabetic Mellitus Rat

A

B 3500
c 3000
S
o 2500
o
¥
> g 2000
o
=~
= 2 1500
5=
G 1000
g
= 500

0

WT DM

BW fiber dosage. Vice versa, the 0.06 g’kg BW
glucomannan fiber dosage show the increasing of
blood glucose.

Histopathology and immunofluorescence analy-
sis

The pancreatic B-cells pancreas and low IRS-
1 expression compared with the wild type group
(Figure 2A). After treated by 0.12 g/kg BW gluco-
mannan fiber, the pancreatic -cells of STZ--in-
duced diabetic rats are proliferated as properly.

In addition, the IRS-1 expression in DM+0.06
g/kg BW glucomannan group was increased sig-
nificantly (P < 0.05) compared with DM+0.12
g/kg BW glucomannan group also DM group, as
shown Figure 2B. This result also showed that the

WT
DM+0,06

7
|

WT DM
0.06g/kgBW
Figure 2. The expression level of PI3-K in hepatocyte cells of WT and STZ-induced diabetic rats were exposed

by Confocal Laser Scanning Microscopy (200x magnificent), A) FITC Staining, B) C) PI3-K level
expression. Intensities of PI3-K-FITC were quantified by the Olympus Fluoview software (ver 1.7a) of
CLSM (P<0.05). *= lower significantly different, **=high significantly different.

WT DM
0.12g/kgBW

expression of PI3-K in DM+0.06 g/’kg BW gluco-
mannan group is higher than 0.12 g/kg BW dia-
betic rats, DM group and the normal rat group sig-
nificantly.

Diabetes mellitus (DM) is caused by dysfunc-
tion of pancreatic B-cells and the progressive fail-
ure of insulin secretion. Our study revealed that
the mRNA level of insulin gene of diabetic rats-
treated 0.12 g/kg BW was significantly higher
than both DM and DM treated 0.6 g/kg group. The
increasing of mRNA level of insulin gene is ex-
pected have a capability to induce the activating
protein related to pancreatic B cells repairing. It
was showed the pancreatic cells were improved as
proper in immuno-histological fluorescence data
after treated by 0.12 g/kg BW glucomannan fiber.
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This data is consistent with a study conducted by
Shah et al. 2015, the pancreatic -cell activation
caused by insulin mRNA level increasing [16].

Furthermore, we observed the expression of
IRS-1 and PI3-K play a role as mediating insulin’s
metabolic effects. According to Wang (2009), the
degradation of IRS-1 can affect insulin resistance
observed in TH mice [17]. The reduction of IRS-1
activation could induce mutation of tyrosine ki-
nase hINSR gene on diabetic mellitus patient that
cause insulin signaling defect [18]. PI3K signaling
pathway plays an important role in regulating ex-
pression and activation of IRS 1/2, GLUT4,
PPAR-y, PI3K and AKT to increase insulin stim-
ulated GLUT4 translocation [19-21].

Based on our result, the glucomannan fiber
can increase the level expression of IRS-1 and
PI3-K indicating that it could possibly prevent in-
sulin resistance in rat diabetics.

Conclusion

This study concludes that dietary glucoman-
nan with dosage of 0.12 g/’kg BW effectively con-
trol the blood sugar level and regenerate the beta-
cells pancreas of diabetic rat via receptor tyrosine
kinase pathway. Glucomannan could be a promis-
ing nutritional alternative for reducing the risk of
developing diabetes.
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