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Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia that can
destroy pancreatic S-cells due to its toxic effect. A local Indonesian vegetable known as lesser
yam (Dioscorea esculenta) possesses anti-diabetic properties. The present study evaluated the
effect of inulin extract from lesser yam on pancreatic S-cell count and insulin expression in
streptozotocin  (STZ)-induced diabetic rats. Inulin was extracted from lesser yams.
Streptozotocin was used to induce diabetes in Wistar rats. The rats were divided into six groups:
I (control), 1l (DM), Il (galvus drug-control), 1V, and V (DM rats administered with inulin at
100 and 300 mg/kg body weight for 21 days, respectively), and VI (DM rats administered with
inulin extract at 300 mg/kg body weight for 30 days). Pancreatic S-cell count and insulin
expression were assessed using immunohistochemical and histopathological methods,
respectively. The results showed that on the 21 and 28" days after treatment, there was a
significant difference in the number of pancreatic p-cells between the groups. On day 14, the
insulin expression of pancreatic p-cells between groups was significantly different. There was a
significant difference in the insulin expression of pancreatic S-cells on the 21 and 28™-day
treatments between the various groups. The findings of the study reveal an increase in the g-cell
number and insulin expression of pancreatic f-cells in diabetic rats when inulin extract from
lesser yam was administered. The inulin dose variation had no significant effect on the number

and insulin expression of pancreatic S-cells in Wistar rats.
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Introduction

Degenerative diseases like diabetes mellitus have replaced
infectious diseases as the predominant types of illness in Indonesia as
a result of the adaptation to Western lifestyles of the present
generation. In the presence of pre-existing risk factors and the
environment, diabetes mellitus (DM), both types 1 and 2, causes a
decrease in pancreatic S-cell mass. This decrease in function manifests
as hyperglycemia.® The report of Basic Health Research
(RISKESDAS) in 2013 indicated that 6.9% (about 12,191,564) of
Indonesians over the age of 15 have diabetes.? The management of
type 2 diabetes has been based on drugs that stimulate insulin
secretion (sulphonylureas and rapid-acting secretagogues), reduce
hepatic glucose production (biguanides), delay digestion and
absorption of intestinal carbohydrates (alpha-glucosidase inhibitors),
or improve insulin action (thiazolidinediones).**® Patients with type 2
DM have abnormalities in homeostasis of blood glucose, resulting in
increasing fasting sugar levels. This is due to decreased function and
mass of pancreatic A-cells and insulin secretion.®

*Corresponding author. E mail: ariyuniastuti@mail.unnes.ac.id
Tel: +628156615624

Citation: Uly N, Yuniastuti A, Susanti R, Tursinawati Y. Improvement of
Insulin Secretion and Pancreatic -Cell Function in Streptozotocin-induced
Diabetic Rats Treated with Dioscorea esculenta Extract. Trop J Nat Prod
Res. 2023; 7(11):5050-5054. http://www.doi.org/10.26538/tjnpr/v7ill.6

Official Journal of Natural Product Research Group, Faculty of Pharmacy,
University of Benin, Benin City, Nigeria

As blood glucose levels begin to increase, p-cells release insulin
through the process of exocytosis. In the condition of hyperglycemia,
p-cells of the pancreas are damaged due to the toxic effect of
hyperglycemia, which results in insulin resistance.*® Increased
apoptosis and a significant reduction in the number of p-cells have
been observed in type 2 DM as a result of glycation-mediated free
radical production. It also has the impact of reducing insulin gene
transcription, which results in less insulin release.®

Indonesia has many kinds of local vegetables, such as gembili
(Dioscorea esculenta L) or lesser yam, which is a member of the
Dioscoreceae family and a member of the tuber group. The lesser yam
tuber has yellow or white flesh and a sweet and pleasant flavour
similar to that of sweet potatoes. It contains bioactive compounds such
as phenol,” diosgenin,® dioscorin, and inulin.® The results of the
exploratory study indicate that it also contains antioxidant agents.™
Other studies suggest that yam has antioxidant effects in vitro."** A
study by Kyu et al., 2015 demonstrated that administering yam to
diabetic control rats resulted in much less g-cell granulation and less
pancreatic islet vacuolation.* Based on another study by Tursinawati
et al., inulin in lesser yams has stronger a-glucosidase inhibitory
activity in vitro than acarbose, which has an antidiabetic activity.”
Inulin is a type of fructosan that is extracted from plants such as lesser
yams. The compound is prebiotic, which cannot be hydrolyzed by
digestive enzymes but can be utilized by the beneficial bifidobacteria
in the large intestine.”® A study showed that inulin had antioxidant
capacity related to the non-enzymatic reactive oxygen species (ROS)
defense system. Inulin improved the in vivo antioxidant status of
laying hens.” Therefore, it is essential to create DM medications that
not only prevent the destruction of g-cells and increase f-cell count
through antioxidant activity, such as that observed in inulin, but also
enhance insulin secretion.
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The present study was conducted to investigate the protective effect of
lesser yam inulin extract on pancreatic p-cell counts and expression of
insulin in streptozotocin-induced diabetic Wistar rats.

Materials and Methods

Plant collection and preparation of extracts

The tubers of lesser yam were collected from Mekarsari Community
(KSM), Kulon Progo, Yogyakarta. The collection was made
specifically on Mount Gondang (RT 21/RW 11), Margosari, Pengasih,
Kulonprogo, Yogyakarta from July 5 to August 5, 2019. The
herbarium number issued for authentication was CHR606597B for
Dioscorea eaculenta. The extraction of inulin from lesser yam was
done by cleaning, washing, peeling, and cutting into small pieces. The
lesser yam was blended using a blender. After mixing in hot water at a
ratio of 10:1 (tuber: water), diffusion was carried out in a water bath
shaker at 90°C for an hour. The mixture was filtered, cooled, and
frozen at -20° C for 24 hours. The frozen filtrate was defrosted and
then centrifuged for 15 minutes at 1500 rpm to produce a white
precipitate, which was subsequently separated. The resultant white
precipitate was mashed and then sieved after being dried in a drier
cabinet at 60°C for 5 hours.*®

Source of experimental animals

Forty-two (42) male Wistar rats weighing 180-220 g at 5 months of
age were used in this study. The rats were purchased from the
Laboratorium Penelitian dan Pengujian Terpadu Universitas Gadjah
Mada (LPPT-UGM) JI Kaliurang Km. 4 Sekip Utara, Sendowo,
Sinduadi, Depok District, Sleman Regency, Special Region of
Yogyakarta 55281. The rats were kept in plastic cages and fed
standard laboratory food and water ad libitum.

Ethical approval

Ethical approval for this study was obtained from the Health Research
Ethics Committee (KEPK) of the Universitas Negeri Semarang,
Indonesia (Approval No. 035/KEPK/EC/2019).

Experimental design

This research used an experimental method with modifications of a
pretest-posttest randomized controlled group design. The rats were
divided into six groups with each group consisting of seven rats.
Group | (the control group) consisted of normal rats that received 1%
NaCMC; Group Il (DM group) received one dosage of STZ at a dose
of 40 mg/kg body weight (diabetic rats); Group Il (galvus drug
control group) consisted of normal rats that received 0.9 mg/200
g/body weight orally; the diabetic rats in Group IV received inulin
extract at 100 mg/kg body weight orally over the course of 21 days;
the diabetic rats in Group V received inulin extract at 300 mg/kg body
weight orally over the course of 21 days; the diabetic rats in Group VI
received inulin extract at 300 mg/kg body weight orally over the
course of 30 days.

Induction of diabetes in Wistar rats

Streptozotocin (STZ) was used to induce diabetes in Wistar rats by
causing pancreatic A-cell cytotoxicity.'® The rats were fasted for 12
hours before the induction of diabetes. Streptozotocin was prepared in
citrate buffer (0.1 M, pH 4.5) and injected intraperitoneally (i.p.) at a
single dose of 45 mg/kg. Seventy-two hours later, blood glucose levels
of STZ-treated fasted rats greater than 200 mg/dl were considered
diabetic.

Histopathological and immunohistochemical examination of
pancreatic p-cells

The quantitative count of pancreatic f-cells was determined through a
histopathological analysis of pancreatic g-cells. The expression of
insulin was examined using an immunohistochemical assay. The
procedure was as previously described.” In each group, 2 rats were
taken for histopathological and immunohistochemical analyses on the
1%, 7™M 14™ 21 and 28" days. The rats were anesthetized with diethyl
ether and then sacrificed by cervical dislocation. Histopathological and
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immunohistochemical examinations were conducted at the Stikes
Mega Buana Palopo Pharmaceutical Laboratory.

Statistical analysis

The data were analyzed using the Statistical Package for Social
Sciences (SPSS; version 21), and the values are expressed as means +
standard errors of the mean (SEM). Differences between groups were
evaluated by analysis of variance (ANOVA) with the Bonferroni post
hoc test. Statistical significance was set at p < 0.05.

Results and Discussion

Pancreatic -cell count

The means and standard deviations of pancreatic S-cell count of
Wistar rats in groups I-VI are presented in Table 1. Group VI had a
higher mean number of pancreatic $-cells (89.40 + 9.02) on the first
day. On the seventh day, group | had the highest mean number of
pancreatic g-cells (87.12 + 5.57). On the 14" day, Group | (88.20 +
5.19) had the highest mean number of pancreatic p-cells. The group
with the highest mean number of pancreatic -cells on the 21* day was
group VI (90.62 * 4.10). On day 28, group VI had the highest mean
number of pancreatic S-cells (93.70 + 3.98). There was no significant
difference in the mean number of pancreatic S-cells among Wistar rat
groups on day 1 because the rats did not receive any treatment. On
days 7 and 14, there was no significant difference in the mean number
of pancreatic fS-cells between the groups of Wistar rats. On day 7,
there was a little but not significant decrease in the number of
pancreatic S-cells in the treatment groups (Groups 1V, V, and VI). In
contrast, the number of pancreatic S-cells increased, but the increase
was not significant.

The results of the analysis on the 21% and 28" days showed that the
number of pancreatic g-cells in STZ-induced rats (Group 1) was
significantly (p < 0.05) lower than in Group I, whereas there was no
significant (p < 0.05) difference between Group | and Groups IlI, 1V,
V, and V1. The number of pancreatic g-cells in treated groups (Groups
11, 1V, V, and V1) was significantly (p < 0.05) higher than in the DM
group (Group Il). There was no significant difference (p < 0.05)
between Group Il and Groups 1V, V, and VI, or between Group IV
and Group V and VI, or between Group V and Group VI. This
suggests that the administration of inulin extract on the 21 and 28"
days affected the increase of pancreatic B-cell number induced by
STZ. Also, the administration of inulin dose variation did not have a
significant (p < 0.05) effect on the increasing number of pancreatic S-
cells of Wistar rats. For a graph, the number of pancreatic S cells in the
experimental animal group is shown in Figure 1.

Insulin expression of pancreatic p-cells in STZ-induced diabetic rats

The percentage of insulin expression of pancreatic g-cells in STZ-
induced diabetic rats in Groups I, I, 111, IV, V, and VI are presented in
Table 2. On the first day, the group with a higher mean percentage of
insulin expression of pancreatic S-cells was Group Il with a value of
91.43+5.97. On the seventh day, Group | (91.41+5.90) had the highest
mean proportion of pancreatic cells expressing insulin. On the 14"
day, Group | (91.33t£7.50) had the highest mean proportion of
pancreatic cells expressing insulin. Group VI (94.06+4.38) had the
highest mean proportion of pancreatic cells expressing insulin on day
21. The group with the highest mean percentage of pancreatic cells
expressing insulin on day 28 was Group VI (94.44+3.12). There was
no significant difference in the mean percentage of insulin expression
of pancreatic fS-cells among the groups of Wistar rats on day 1,
indicating that the initial insulin expression of pancreatic g-cells of rats
was almost the same because there was no treatment on the rats. The
pancreatic S-cells in the treatment groups (Groups 1V, V, and VI) have
a little increased level of insulin expression, but not significantly. On
days 14, 21, and 28 after treatment, the mean percentage of insulin
expression of pancreatic g-cells of Group Il was significantly lower
than that of Group I. The mean percentage of insulin expression in
pancreatic S-cells of Groups I, 1V, V, and VI was significantly higher
than in Group Il. There were no statistically significant differences
between Group | and Groups II, 1V, V, and VI; between Group Il
and Groups 1V, V, and VI; between Group 1V and Groups V and VI,
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or between Group V and Group VI. Administration of inulin extract on
day 14 influenced the increase of insulin expression in pancreatic S-
cells in Wistar rats induced by STZ, and there was no significant
difference in the effect of dosage variation (Figure 2).

Diabetes mellitus is an endocrine disorder characterized by
hyperglycemia caused by impaired insulin secretion, insulin
resistance, or both.?"?? Streptozocin, a toxic glucose analog, is used in
laboratories to induce type 1 DM, which irreversibly damages
pancreatic -cells.”® The loss of pancreatic islets, a decrease in -cell
mass, and insulin secretion were all associated with the development
of hyperglycemia in STZ-induced diabetic rats.* Because of its toxic
effects, which lead to insulin resistance, hyperglycemia destroys
pancreatic B-cells.*® The degree of oxidative stress, which has been
linked to diabetes-related tissue damage, is affected by
hyperglycemia.?® In the present study, a significant difference in the
number of pancreatic g-cells between Group | (control group) and
Group Il (DM group) was observed on the 21 and 28" days. In Group
11, the pancreatic S-cell number was significantly lower than in Group
1. This observation is likely due to the destruction of pancreatic s-cells
by STZ induction in Group Il. Streptozocin has a cytotoxicity
mechanism by inducing cellular oxidative stress and mitochondrial
respiratory dysfunction that is mediated by ROS, reactive nitric oxide
species (NO/RNS), and induction of inflammatory responses.”? The
cytotoxicity of STZ in pancreatic -cells may take the form of necrotic
cell deaths brought on by g-cell apoptosis, which leads to a reduction
in the number of pancreatic cells.

The number of pancreatic S-cells in the treated groups (Groups 111, IV,
V, and V1) was significantly higher than in the DM group (Group II).
This suggests that the administration of inulin extract from lesser yam
affects the increase of pancreatic -cell number induced by STZ. This
result indicates that inulin could provide a protective effect on
pancreatic S-cells. Inulin has an antioxidant ability that may scavenge
ROS indirectly through the enhancement of the antioxidant enzymes
and short-chain fatty acids (SCFAs).? This ability may prevent
pancreatic cells from being destroyed. According to a 2018 study by
Mei, supplementing laying hens with inulin can enhance their levels of
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antioxidant enzymes like superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSH-Px), while also lowering the
serum concentration of MDA. This result suggests that inulin could
enhance antioxidant status. Another study by Hyeon et al., in 2015,
which investigated the therapeutic efficacies of another yam family
member, such as crude yam (Dioscorea batatas) found that yam
effectively increases antioxidant, ameliorates the effect of chronic
oxidative stress, and shows a significant decrease in
malondialdehyde.*

Due to insulin resistance in peripheral tissues, type 2 diabetes is
brought on by a high demand for insulin. Apoptosis causes a slow
decrease of p-cell mass, and malfunction leads to a deficiency in
insulin output. According to a 2012 study by Talchai et al., type 2
diabetes is caused by the mature insulin-producing cell de-
differentiating to a naive state.*® Regenerating the lost or damaged -
cell mass is thus a novel treatment for DM. The increased number of
pancreatic f-cells in diabetic rats receiving treatment suggests that
inulin extract may repair cell damage through cell regeneration. By
conducting further research, inulin could be considered as a potential
DM treatment.

The mean percentage of insulin expression in pancreatic cells from
Group Il was significantly lower than that of Group I on days 14, 21,
and 28 of treatment. The lack of pancreatic cells in Group Il suggests
that these cells have been destroyed, which would impede insulin
secretion. The pancreatic S-cells in Groups IlI, 1V, V, and VI had a
significantly higher mean percentage of insulin expression than Group
Il. The rats in Groups 1V, V, and VI received varying doses of inulin.
Glucagon-like peptide-1 (GLP-1), which is produced by the L cells of
the gastrointestinal mucosa in response to nutritional stimulation, can
be increased by inulin. By enhancing j-cell mass and function, GLP-1
encourages pancreatic pg-cell proliferation and insulin release. This
finding suggests that better pancreatic S-cell quantity and functionality
are responsible for the higher expression of insulin in this study.
Further research is required to identify the details of the
histopathological features.

Table 1: The mean number of pancreatic s-cells of streptozotocin-induced diabetic Wistar rats after administration of inulin extracts

Observation day

The mean number of pancreatic g-cells

Group | Group Il Group I Group IV Group V Group VI
1 87.35 +5.50 87.75+521 87.77 £8.43 88.07 £ 4.67 88.10 £5.33 89.40 +9.02
7 87.12+5.57 86.45 +5.09 84.62 +4.17 84.72 +5.02 84.52 +£5.07 84.85 + 4.96
14 88.20 £5.19 79.57 £ 6.80 84.55 +6.17 85.57 +1.36 86.02 £ 3.79 87.97 £4.59
21 83.50 + 10.48* 64.07 +4.97° 84.00 + 2.59° 88.30 + 7.32° 90.20 + 4.20° 90.62 + 4.10°
28 89.10 +5.62° 50.07 + 3.30° 86.05 +2.19° 89.70 + 5.65° 9245 +3.27° 93.70 + 3.98*

Group |: Control; Group IlI: Diabetic group; Group I11: Galvus drug control group; Group 1V: Diabetic group that received inulin extract at 100 mg/kg
body weight over the course of 21 days; Group V: Diabetic group that received inulin at 300 mg/kg body weight over the course of 21 days; VI:
Diabetic group that received inulin at 300 mg/kg body weight over the course of 30 days; Values with different superscripts ° in a row differed

significantly at p < 0.05.

Table 2: The mean percentage of insulin expression of pancreatic S-cells in streptozotocin-induced diabetic rats after administration
of inulin extract examined with immunohistochemical stain

Observation day _ The mean percentage of insulin expression of pancreatic g-cells

Group | Group Il Group I Group IV Group V Group VI
1 90.10 + 7.50 91.43 £5.97 90.81 £5.21 90.89 £ 6.05 90.29 +£1.07 89.85+7.22
7 91.41 £5.90 86.81 +£5.26 83.85+3.53 86.68 £ 5.69 87.87£0.75 88.12 £ 7.37
14 91.33 +7.50° 68.22 +4.10° 86.78 + 4.44° 88.64 +5.54° 90.44 +0.93° 90.76 + 6.26°
21 92.87 +5.49° 59.85 + 1.89" 9153 +4.21° 91.99 +2.72° 92.05 + 1.55° 94.06 + 4.38°
28 92.64 + 8.45° 47.28 +7.00° 93.93 +3.43° 93.21 +1.61° 93.18 + 4.80° 94.44 + 3,12

Group I: Control; Group IlI: Diabetic group; Group I11: Galvus drug control group; Group 1V: Diabetic group that received inulin extract at 100 mg/kg
body weight over the course of 21 days; Group V: Diabetic group that received inulin at 300 mg/kg body weight over the course of 21 days; VI:
Diabetic group that received inulin at 300 mg/kg body weight over the course of 30 days; Values with different superscripts *® in a row differed

significantly at p < 0.05.
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Figure 1: Pancreatic g-cell count in the experimental animal
groups.
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Figure 2: Insulin expression in pancreatic p-cells in the
experimental animal groups.

Conclusion

The findings of this study reveal that administration of inulin extract
from lesser yam influenced the increase in S-cell number and insulin
expression of pancreatic p-cells in STZ-induced diabetic rats. The
inulin dose variation did not have a significant effect on the number
and insulin expression of pancreatic S-cells in Wistar rats.
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