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Abstract
BACKGROUND: Gembili or Dioscorea esculenta is a local food that is produced by several areas in Indonesia. Few 
studies have reported its health benefits for diabetes mellitus but a little is understood about its mechanism of action. 
PGC-1α is a transcriptional coactivator for genes that involved in energy metabolism and increased expression of 
this gene has previously been associated with improved insulin sensitivity.

AIM: The objective of this study was to investigate the effect of Gembili starch and Gembili starch with butirogenic 
bacteria Eubacterium rectal on PGC-1α expression in skeletal muscle of diabetic mice.

MATERIALS AND METHODS: Three months old male diabetic Wistar mice were divided into groups based on 
dietary supplement: Gembili starch only; Gembili starch with E. rectal; and E. rectal only. Positive (diabetic mice) 
and negative (non-diabetic) control groups were used in this study. After 4 weeks of supplementation, mice were 
sacrificed and muscle tissue was taken from musculus vastus latissimus. Plasma blood glucose was measured 
before and after intervention. PGC-1α expression was measured with immunohistochemistry and quantified by 
dividing cells that produce PGC-1α with total cells.

RESULTS: Plasma blood glucose was reduced after invention in group that received Gembili starch only (p < 0.001); 
Gembili starch with E. rectal (p < 0.001); and E. rectal only (p < 0.001). The protein expression of PGC-1α in diabetic 
mice receiving Gembili starch only was significantly higher compared to control (p < 0.05).

CONCLUSION: This study shown that Gembili starch supplementation was able to improve glucose control in 
diabetic mice and this effect was obtained perhaps through PGC-1α activation. Further study is needed to investigate 
the effect of Gembili starch supplementation on fat metabolism.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic 
disorder of glucose homeostasis which associated 
insulin resistance and pancreatic ß-cell defects in 
stimulated insulin secretion. This condition induced 
the impaired glucose tolerance to occur [1]. The total 
number of people with diabetes is estimated to increase 
from 8.8% (approximately 415 million) in 2015 to 10.4% 
(approximately 642 million) in 2040 [2]. T2DM has 
become one of the major health problems in developing 
countries. T2DM accounts for more than 90% of people 
with diabetes [3], [4]. The disease is an example of 
pathological state when body cannot balance energy 
homeostasis and often clinically manifested as insulin 
resistance [5], [6]. Energy metabolism, especially in 
skeletal muscle, is finely controlled and the disturbance of 

regulation of this process frequently seen in diabetes and 
aging [7]. Studies have demonstrated that several gene 
expressions involved in lipid oxidation and mitochondrial 
metabolism were decreased in T2DM patients [8], [9].

Peroxisome proliferator-activated receptor 
gamma (PPAR-γ) coactivator-1-α (PGC-1α) plays 
an important role in the regulation of cellular energy 
metabolism [10]. PPAR-γ coactivator-1-α (PGC-1α) 
has ability to promote and regulate expression of 
genes involved in lipid oxidation and mitochondrial 
metabolism  [7], [11]. This protein is mainly expressed 
in tissues with high-energy oxidative capacity such as 
skeletal muscle, brown adipose tissue, and brain [7], [11]. 
Several in vitro studies had revealed that PGC-1α is able 
to increase mitochondrial biogenesis and utilization of 
substrate for energy production [12], [13]. Interestingly, 
clinical studies discovered that patients with T2DM 
as well as insulin resistance had decreased skeletal 
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muscle PGC-1α expression [9], [10], [14] supporting 
the hypothesis that PGC-1α is an important molecular 
signal that stands between T2DM and disturbance of 
energy metabolism.

Gembili or Dioscorea esculenta is a member 
of yams (Dioscorea spp.) family and widely grown in 
Indonesia. Studies have shown that this type of food 
commodity provides water-soluble polysaccharides 
(WSP) [15]. When carbohydrates were not well digested 
and the absorption of sugars in the small intestine was 
inhibited, the digesta was transferred into the colon and 
then fermented by bacteria producing short chain fatty 
acids (SCFAs) [16]. The previous studies have shown 
the hypoglycemic effect of D. esculenta in vivo [17], [18] 
but the mechanism of action is less understood. 
Therefore, the objective of this study was to investigate 
the effect D. esculenta and its combination with 
butyrogenic bacteria on molecular signal that involved 
in glucose homeostasis. Our hypothesis is that D. 
esculenta is able to modulate PGC-1α thus ameliorate 
plasma glucose level in diabetic mice.

Materials and Methods

Thirty-eight male Wistar mice aged 3  months 
old were taken from Unit 4, LPPT (Lembaga Penelitian 
dan Pengembangan Terpadu/Institute for Research and 
Development) Universitas Gadjah Mada. Those mice 
were located at plastic cages with controlled temperature 
and 12 h light cycle. After 7 days of adaptation period, mice 
were grouped into five treatment groups which four of those 
groups were induced for diabetic using streptozotocin 
(60 mg/kg body weight). Those groups including: DM Con 
is a control group of diabetic mice; DM But is a group of 
diabetic mice receiving butirogenic bacteria Eubacterium 
rectal supplement only; DM Gs is a group of diabetic 
mice receiving Gembili starch supplement only; and DM 
Gs+But is a group of diabetic mice receiving butirogenic 
bacteria E. rectal and Gembili starch supplement. Every 
group is consisted by seven mice.

Every groups in this experiments received 
standard diet AIN-76 and treatments were given as a 
supplement to the diet. Gembili starch supplement was 
given orally by dissolving it into aquadest (10%  w/v). 
The dosage of this supplement was 0.54 g/day based 
on human conversion (30 g/day for a human with 70 kg 
body weight). Freeze-dried butirogenic bacteria E. rectal 
(108 CFU/g) were dissolved into 1% concentration into 
aquadest and given orally. These treatments were done 
in 4 weeks.

Before and after intervention, fasting plasma 
glucose was measured. On the other hand, plasma 
insulin, glucose tolerance test, and PGC-1α expression 
were measured only after intervention. Plasma glucose 
was measured by Diasys kit. Blood was taken through 

sinus orbitalis then centrifuge for 15–20  min with 
3500  rpm. After separated from the blood, 10 µl of 
plasma was taken to be mixed with 1  ml GOD PAP 
glucose kit using vortex. Following step was incubation 
in 37°C for 10 min and the absorbance was measured 
using spectrophotometer in 500  nm wavelength. 
Insulin level was measured using ELISA. HOMA IR or 
homeostasis model assessment is indicator of insulin 
sensitivity and calculated using data of plasma glucose 
and insulin level. To analyze glucose tolerance, 0.75 
unit/kg body weight of insulin was administered through 
intraperitoneal. Plasma glucose was measured before 
(0 min), 15 min, and 30 min after insulin injection. Mice 
were fasting 4 h before insulin administration.

After being sacrificed, skeletal muscle tissue 
from musculus vastus latissimus was taken placed 
in 10% formalin solution. After 24  h, the tissue was 
transferred into ethanol solutions from 50% until 
100% for dehydration at least 2  times. The following 
treatments were soaking the tissue inside xylol solution 
and insertion of liquid paraffin. After paraffin tissue 
obtained, the tissue then sliced into layers. Those 
layer then used for immunohistochemistry staining. 
Based on immunohistochemistry staining, total cells 
and cell expressed PGC-1α were counted. The value 
of PGC-1α expression was calculated by percentage of 
cell expressed PGC-1α compared to total cells.

Statistical analysis was done using PRISM. 
One-way ANOVA was used to analyze differences of 
changes in fasting glucose plasma, HOMA IR, and 
expression of PGC-1α in skeletal muscle between 
treatment groups. Student’s t-test was used to compare 
significance of changes of fasting glucose plasma, 
HOMA IR, and expression of PGC-1α between treatment 
groups (DM But, DM Gs, and DM Gs+But) compared 
to diabetic control mice (DM Con). Correlation analysis 
was done to measure whether expression of PGC-1α 
was related to changes plasma glucose. The cutoff for 
statistical significance on these analyses was p < 0.05.

Results

Initially, there are no differences on body 
weight between mice in different treatment groups 
(pANOVA  =  0.670). After 4  weeks of treatments, mean 
body weight between treatment groups was significantly 
different (pANOVA = 0.004). Diabetic mice with Gembili 
starch and E. rectal butirogenic (DM Gs+But) and non-
diabetic control (non-DM Con) mice were significantly 
increased body weight (p = 0.02 and p = 0.008, 
respectively). On the other hand, there are no changes in 
body weight on diabetic control group (DM Con, p = 0.880), 
diabetic group receiving butirogenic bacteria E.  rectal 
supplement only (DM But, p = 0.268), and diabetic group 
receiving Gembili starch only (DM Gs, p = 0.09).
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Plasma propionate:acetate ratio differed 
between treatment groups (p < 0.0001) (Figure  1). 
Diabetic mice treated with Gembili starch supplement 
(DM Gs) and Gembili starch with E. rectal supplement 
(dm Gs+But) had higher propionate:acetate ratio 
compared to control (p < 0.0001 for all). Figure 2 shows 

the effect of combination treatments of Gembili starch 
and E. rectal on HOMA IR and changes of plasma glucose 
level. HOMA IR value was calculated using data on 
plasma glucose and insulin. As presented in Figure 2a, 
diabetic mice in DM But, DM Gs, and DM Gs+But 
groups had significantly lower HOMA IR compared 
to control (DM Con) (all p < 0.0001). The changes of 
plasma glucose level were obtained by reducing fasting 
plasma glucose level 4  weeks after treatments with 
baseline (Figure  2b). Compared to control, changes 
of plasma glucose was significantly lower in DM But 
(mean difference ± SEM: 109.20  ±  28.46  mg/  dL, 
p  =  0.003); DM Gs (mean difference ±  SEM: 
61.68 ± 19.86 mg/ dL, p = 0.01); and DM Gs+But (mean 
difference ± SEM: 109.8 ± 27.67 mg/ dL, p = 0.003).

Glucose tolerance test was done by measuring 
the plasma glucose concentration 15 and 30 minutes 
after intraperitoneal insulin administration (Figure  3). 
The changes of plasma glucose were calculated 
by comparing percent reduction of plasma glucose 
with baseline. After 15  min, DM But and DM Gs+But 
reduced more glucose compared to DM Con (p = 0.002 
and p <  0.0001, respectively) while DM Gs reduced 
less glucose compared to DM Con (p = 0.0016). 
After 30  min, DM But and DM Gs+But also reduced 
more glucose compared to DM Con (p = 0.002 and 
p = 0.0004, respectively) while there are no differences 
between DM Gs and DM Con.

The expression of PGC-1α of skeletal 
muscle cells is shown in Figure  4. Compared 
to non-DM Con, DM Con had lower expression 

Figure  1: The effect of gembili starch and Eubacterium rectal 
treatments on propionate:acetate ratio. Treatments were done in 
non-diabetic control groups (Non DM Con, n=5); diabetic control 
group (DM Con, n=5); diabetic group receiving butriogenic bacteria 
Eubacterium rectal supplement only (DM But, n=7); diabetic 
group receiving gembili starch only (DM Gs, n=7); and diabetic 
group receiving gembili starch combined with butriogenic bacteria 
Eubacterium rectal supplement (DM Gs+But, n=7). Values in the 
graph was presented as mean ± SEM. * p<0.05 (Student’s t test)

Figure 2: The effect of gembili starch and Eubacterium rectal treatments on HOMA IR (a) and changes of fasting plasma glucose level (b). 
Treatments were done in non-diabetic control groups (Non DM Con, n=5); diabetic control group (DM Con, n=5); diabetic group receiving 
butriogenic bacteria Eubacterium rectal supplement only (DM But, n=7); diabetic group receiving gembili starch only (DM Gs, n=7); and 
diabetic group receiving gembili starch combined with butriogenic bacteria Eubacterium rectal supplement (DM Gs+But, n=7). Values in the 
graph was presented as mean ± SEM. * p<0.05 (Student’s t test)
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(mean  difference:  13.36  ±  4.559, p = 0.019) of 
skeletal muscle PGC-1α expression. After 4 weeks of 
treatments, DM But and DM Gs+But had higher skeletal 
muscle PGC-1α compared to control diabetic mice 
(mean differences: −22.93 ± 3.830, p = 0.001 and mean 
differences: −12.77 ± 5.218, p = 0.03, respectively). The 
difference has not seen in DM Gs group. To evaluate 
whether skeletal muscle, PGC-1α expression is related 
to changes in fasting plasma glucose, a correlation 

analysis was done in all dataset regarding groups of 
treatment. Figure 5 shows that PGC-1α expression was 
negatively correlated with changes of plasma glucose 
after 4 weeks of treatments (r2 = 0.163, p = 0.02).

Figure 5: Relationship between changes of plasma glucose level and 
skeletal muscle PGC-1α expression after treatments in all used data

Discussion

PPAR-γ coactivator-1-α (PGC-1α) is a 
coactivator that increases the transcriptional activity 
of multiple pathways. The role of PGC-1α in control of 
inflammation, mitochondrial respiration and biogenesis 
are very important. The expression of more than 70% 
of all the subunits of the electron transport chain and 
all of the enzymes of the Krebs cycle are controlled by 
PGC-1α in the heart. At present, PGC-1α-mediated 
mitochondrial protein synthesis and anti-inflammatory 
benefits are reported to be dependent on insulin 
sensitivity or glycemic improvements in skeletal muscle 
or adipose tissues [9].

This study shown that skeletal muscle PGC-1α 
expression was higher in diabetic mice consuming 
Gembili starch combined with E. rectal supplements 
compared to control diabetic mice. In diabetic mice 
consuming the supplement of butirogenic E. rectal with 
Gembili starch, fasting plasma glucose was reduced 
significantly and this reduction was related with the 
increment of PGC-1α expression in skeletal muscle. To 
the best of our knowledge, this is the first study that 
analyzes the effect of Gembili starch and its combination 
with butirogenic bacteria E. rectal supplements on 
PGC-1α expression in skeletal muscle.

Until recently, there is a lack of evidence on 
the effect of WSP on PGC-1α expression. However, we 
proposed that the effect of Gembili starch supplement 
on PGC-1α expression is through 5-AMP-activated 
protein kinase (AMPK) activation by SCFA produced 
fermentation of WSP contained Gembili starch. WSP 
escaped enzymatic digestion in the small intestine 
and fermented in large intestine by colonic bacteria. 
The fermentation of WSP increases production of 
SCFA including acetate, propionate, and butyrate [19]. 

Figure 4: PGC-1 α expression level after treatments in non-diabetic 
control groups (Non DM Con, n=5); diabetic control group (DM Con, 
n=5); diabetic group receiving butriogenic bacteria supplement only 
(DM But, n=6); diabetic group receiving gembili starch only (DM Gs, 
n=6); and diabetic group receiving gembili starch combined with 
butriogenic bacteria supplement (DM Gs+But, n=6). Values in the 
graph was presented as mean ± SEM. * shows significant differences 
between groups of diabetic mice receiving treatments and control 
diabetic mice

Figure  3: Glucose tolerance test after treatments in non-diabetic 
control groups (Non DM Con, n=5); diabetic control group (DM Con, 
n=5); diabetic group receiving butriogenic bacteria supplement only 
(DM But, n=6); diabetic group receiving gembili starch only (DM Gs, 
n=6); and diabetic group receiving gembili starch combined with 
butriogenic bacteria supplement (DM Gs+But, n=6). Values in the 
graph were presented as mean ± SEM
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Because butyrate is directly used by mucosal colon, 
changes of propionate and acetate plasma ratio 
due to fermentation can explain biological effect of 
Gembili starch. In line with this study, we found that 
propionate:acetate ratio was higher in diabetic mice 
received Gembili starch and Gembili starch with E. rectal 
supplements compared to control. There are a limited 
number of information regarding the effect of SCFA 
and AMPK activation. In diabetic mice, 8 weeks acetic 
acid was able to activate hepatic AMPK. This finding is 
followed by the additional data which shown that fasting 
plasma glucose and HbA1c were lower in acetic acid 
treatment compared to control [20]. Unfortunately, in 
this study, AMPK has not been analyzed to clarify this 
evidence.

The fermentation of dietary fiber to various 
organic acids in colon has a beneficial function. In 
particular, butyric acid contributes to host health by 
facilitating maintenance of epithelial integrity, regulating 
inflammation, and influencing gene expression in 
colonocytes [21]. The microbiota in the large intestine 
provides several functions that are beneficial to human 
health such as producing short-chain fatty acids. The 
short fatty acid products can improve these beneficial 
functions could promote health and reduce the 
incidence of preventable diseases including obesity 
and type 2 diabetes [22] or colon cancer [23].

Like in Figure 3, it showed that DM group 
receiving gembili starch combined with butriogenic 
bacteria supplement (DM Gs+But, n=6). But and DM 
Gs+But reduced more glucose compared to DM Control 
(p = 0.002 and p < 0.0001 respectively). Moreover, 
while DM with Gembili starch (Gs) reduced less glucose 
compared to DM Con (p = 0.0016). After 30 min, DM But 
and DM Gs+But also reduced more glucose compared 
to DM control (p = 0.002 and p = 0.0004, respectively. 
This proves that the administration of resistant starch 
from Gembili starch and also E. rectal supplements 
can prevent an increase in plasma glucose levels [22]. 
The ability of strains of E. rectal shows in this research. 
Strains of E. rectal are able to degrade and utilize a 
variety of carbohydrates for growth which were tested 
by anaerobic culturing  [24]. Nine of the 10 strains 
were able to utilize amylopectin and/or amylose for 
growth interactions between microbial cells and cell 
components, the short-chain fatty acid products of 
carbohydrate fermentation as Gembili starch by gut 
bacteria exert multiple effects on the host as energy 
sources, and as regulators of inflammation, proliferation, 
and apoptosis [25].

It has been reviewed before that PGC-1α 
has an important role on the regulation of energy 
metabolism [22], [26]. This function includes controlling 
adipose tissue thermogenesis, fiber-type switching on 
muscle cells, fasting response on the liver, and insulin 
sensitivity [6], [20]. In this study, we were able to show 
that PGC-1α is decreased in diabetic mice compared 
to non-diabetic mice. In addition, mice treated with 

Gembili starch combined with E. rectal supplements 
had higher PGC-1α as well as lower fasting plasma 
glucose compared to diabetic control. These findings are 
supported by a clinical trial in human. Mensink et al. [26] 
demonstrated that skeletal muscle PGC-1α expression 
was increased obese patients with T2DM after treated 
with rosiglitazone.

Although no studies had reported the effect 
of Gembili starch combined with E. rectal on muscle 
PGC-1α expression and fasting plasma glucose 
before, few studies done in Indonesia have indicated 
that Gembili starch was able to reduce fasting plasma 
in diabetic mice. Harijono et al. [17] shown that 4 weeks 
supplementation of WSP extracted from Gembili alone 
or with combination with papain or tempeh inoculum 
was able to reduce fasting blood glucose. The 
hypoglycemic effect of Gembili in the food product like 
biscuit was still seen in diabetic mice after 4 weeks of 
treatment [14].

Gembili starch with E. rectal showed the effect 
on increasing of PGC-1α expression. In addition, 
several studies have also found that the glucocorticoid 
(GC) group which is generally given as an anti-
inflammatory can also increase the expression of 
PGC-1α. GCs, such as dexamethasone, prednisone, 
and hydrocortisone, are often prescribed as anti-
inflammatory agents [27]. Recently, they have been 
gradually recognized as the important regulators of 
diabetes mellitus because of their critical roles in 
peripheral IR and β-cell insulin secretion. In the liver, 
the function of GCs is ultimately complex and partly 
mediated by PGC-1α [28].

In addition, classes of drugs such as 
salbutamol also have effects on PGC-1α expression. 
Salbutamol beneficial effect persisted after 4 weeks of 
its discontinuation. HFD caused an upregulation of the 
hepatic PGC-1α expression by 5.23-fold (p < 0.041) 
and salbutamol reversed this effect and caused a 
downregulation by 30.3-fold (p < 0.0001). PGC-1α and 
GLUT4 expression in the muscle were not affected by 
salbutamol (p > 0.05) [29].

Besides Gembili flour or a combination of 
E. rectal, the important thing to do is through exercise 
in aerobe condition. According to Botta et al. (2013), 
that short-term exercise-induced oxidative stress may 
be key in attenuating cardiac inflammatory genes 
and impairing PGC-1α-mediated gene transcription 
of downstream transcription factors in type 2 diabetic 
hearts at an advanced age [30]. However, such an 
exercise regimen was able to increase both mRNA 
and protein levels of cardiac PGC-1α in db/db mice 
hearts [31].

Due to limited funding, immunohistochemistry 
was used as a parameter for PGC-1α expression 
instead of RT-PCR. Authors realized that this could have 
negative impact on generalizing the data. However, 
this study was attempted to be the first data that could 
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be collected. Several tissues have been stored and 
proposed to further investigate for gene expression 
related to insulin signaling.

Conclusion

We conclude that supplementation of Gembili 
starch in combination with E. rectal was able to improve 
fasting plasma glucose level in diabetic mice through 
amelioration of PGC-1α. This study has an important 
implication on developing local based food as an option 
for nutrition treatment for T2DM patients. This funding 
also provides basic evidence on the effect of function 
food on molecular level thus future study that bring this 
finding into clinical trial is warranted.
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