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ABSTRACT

Type 2 diabetes mellitus (T2DM) is one of the main non-
communicable, chronic diseases that has many complications, compromising
the quality of life. Hence, there is a need to find alternatives to replace the
current therapy or as an adjuvant. Tubers of Myrmecodia platytytrea
(Rubiaceae) has been used traditionally as an alternative therapy for the
management of cancer and other inflammatory disorders. This study aimed
Email: to investigate the potency of M. platytytrea methanolic tuber extract
mizaton_hazizul@uitm.edu. (MPMTE) as an antihyperglycemic agent, in vivo. Streptozotocin (STZ)-
my induced diabetic rats were treated orally with MPMTE (100, 200, and
400mg/kg) and metformin (positive control, 100mg/kg) daily for 14 days.
Blood glucose level and other biochemical parameters including
inflammatory biomarkers, insulin, and c-peptide levels were analyzed.
Besides those, histological examinations on the liver, kidney, and pancreas
were done. The STZ-induced diabetic rats treated with MPMTE (200 and
400mg/kg) had significant decreases (p<0.05) in fasting blood glucose, total
cholesterol, triglycerides, and low-density lipoprotein (LDL) and no
significant changes in high-density lipoprotein (HDL) compared to STZ-
induced untreated diabetic rats. MPMTE was able to increase IGF-1, insulin,
and C-peptide levels while reducing the production of pro-inflammatory
cytokines, TNF-a, and IL-6 in hyperglycemic rats compared to the
normoglycemic rats. The liver, kidney, and pancreas were devoid of any
damage caused by the STZ. MPMTE had strong antihyperglycemic activity and
can reduce pro-inflammatory cytokines in STZ-induced rats while improving
the regulation of f-cells. Also, MPMTE was protective against any STZ-
induced organ damage. Thus, MPMTE can be further developed into adjuvant
therapy for diabetic patients.
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INTRODUCTION

The global prevalence of diabetes mellitus
has increased dramatically since globalization has
led to social effects such as urbanization and
lifestyle changes (Fox, et al., 2019; Zimmet et al,,
2014). Diabetes, especially type 2 diabetes mellitus
(T2DM), is emerging as a potential epidemic in
developing countries such as China and India, not
only in the developed world (Hu and Jia, 2018;
Misra et al., 2019; Shaw, et al., 2010). T2DM used to
be an exclusive metabolic syndrome for adults but
its prevalence is now increasing among teenagers
and even youngsters (Cree-Green, Triolo & Nadeau,
2013; Pinhas and Zeitler, 2005).In 2019, about 463
million adults (20-79 years) were projected to have

diabetes and by 2045 this figure is expected to rise
to 700 million, worldwide (International Diabetes
Federation, 2020). According to the National
Health and Morbidity Survey (NHMS) in 2019 by
the Ministry of Health (MOH), the prevalence rate
of diabetes in adults has increased in Malaysia from
13.4 percent in 2015 to 18.3 percent in 2019, with
diabetes defined as having sugar levels 7.0 mmol/L
or above (Institute for Public Health, 2020).
Although there are varieties of pharmacological
agents to control blood glucose levels such as
insulins, sulfonylureas, biguanides,
thiazolidinediones, and DPP IV, which is the most
recent one, diabetes remains a social and economic
burden. Lifestyle changes involving exercise and
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dietary intervention 1is essential to achieve
management goals cost-effectively with minimum
complications and maximum quality of life.
Pharmacological management of diabetes is often
associated with undesirable side effects and the
inability of human nature to comply with the
regimen. Thus, dietary intervention is the most
powerful tool to challenge and keep the disease at
bay.

Herbs and spices have been shown to have
medicinal properties and many have demonstrated
strong pharmacological activities (Liu et al, 2017;
Vazquez-Fresno et al., 2019). In controlled clinical
trials on herbal medicines especially for the
management of diabetes, significantly positive
clinical outcomes had been reported (Shi et al,
2019). It was reported that only 12% out of 1000
plants available in the market had scientific
evidence of their efficacies i.e. only 356 plants have
been tested for pharmacological effects and
therapeutic applications (Cravotto et al, 2010).
There were also reports of positive clinical
outcomes in response to the use of nutraceuticals
containing Traditional Chinese Medicine (TCM) in
the management of diabetes (Shi et al,
2019). However, both the safety and efficacy of
these nutraceuticals are precedent to ensure
optimum therapeutic value for the management of
chronic illnesses.

On that note, Myrmecodia sp. is an epiphytic
plant that has a structure similar to an anthill tuber
that houses ants (Lok and Tan, 2009). Myrmecodia
platytyrea (Rubiaceae) has been used as a medicine
to treat tuberculosis, diarrhea, hemorrhoids, and
ulcers. This plant has also been used in cancer
treatment, hyperuricemia, and coronary heart
disease.

The decoction of M. platytyrea tuber has
been used for medicinal purposes. Folklore claims
the efficacy of this plant in treating many chronic
diseases such as cancer, arthritis, coronary heart
diseases, and many inflammation-related diseases.
However, there was no scientific evidence to
support these anecdotes. The current study in our
laboratory has shown the effectiveness of the
aqueous extract of M. platytyrea tuber in inhibiting
the proliferation of hepatocellular carcinoma cells
without affecting the normal cells, suggesting high
selectivity. The extract also possessed potent anti-
inflammatory activities (Hasan et al, 2018).
Furthermore, antioxidants, polyphenols, and
stigmasterol were detected in the M. platytyrea
tuber extracts via a rapid and simple
HPLTC method. The extracts also exhibited
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STZ-induced diabetic Sprague-Dawley male rats

significant «a-amylase inhibitory  activities
(Aganotovic-Kustrin et al., 2017, 2018).

Previous studies have demonstrated that the
elevation of inflammatory cytokine levels plays a
role in the pathogenesis of T2DM (Calle and
Fernandez, 2012). Since M. platytyrea tuber has
shown potent anti-inflammatory properties, there
are possibilities for this plant to be used in the
prevention or management of diabetes. Therefore,
this research was aimed to elucidate the possible
hypoglycemic effect of M. platytyrea, in vivo.

MATERIAL AN D METHODS

Chemicals that were used in this experiment
were of analytical grade and purchased from
Sigma-Aldrich Co. (Steinheim, Germany), Merck,
and other registered suppliers. All reagent kits
were purchased from registered suppliers.

Plant collection

M. platytyrea tubers were collected from
Sulawesi, Indonesia, and had been authenticated by
Prof. Dr. Eko Baroto Walujo, from Herbarium
Bogoriense, Research Centre for Biology,
Indonesian Institute of Sciences, Bogor, Indonesia
with identification numbers, B01647929 and
B00009642.

Experimental animals

A chemically induced diabetic rat model was
used in this study, which is a simple and relatively
cheap model of diabetes in rodents. This diabetic
rat was obtained by the destruction of endogenous
B-cells which leads to a decrease in insulin
production, hyperglycemia, and weight loss.
Sprague-Dawley (SD) male rats aged 10 weeks,
weighed between 250-300 g were supplied by the
Laboratory of Animal Facility and Management
(LAFAM), UiTM Puncak Alam, Selangor. The
temperature of the experimental room was set to
22°C (%£3°C) and relative humidity was set to at
least 30%. The rats were kept in a 12 h light-dark
cycle and were given a standard laboratory diet
with an unlimited supply of drinking water. The use
of animals in the in vivo studies had been approved
by UiTM Animal Ethics Committee (UiTM CARE:
102/2015). All animals were housed in individually
ventilated cages (Modular Animal Caging Systems,
Alternative Design Manufacturing & Supply, Inc,,
Siloam Springs, Arkansas, U.S.A) of cage dimension
72cm W x 36cm D x 44cm H. All animals were
provided laboratory standard, pelleted rodent diet
(Gold Coin Feed Mills, Penang, Malaysia) and
filtered tap water, ad libitum.
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Preparation of M. platytyrea crude extracts

The dried tubers of M. platytyrea were
ground into powder form. The powder was then
boiled in distilled water (1:9) for 15min and
filtered using filter paper (Whatman No. 1). The
solvent of the filtrate was eliminated by using a
rotary evaporator (Heidolph, Germany) under
reduced pressure at 100 mbar, 40°C. The
concentrated filtrate was stored at -80°C for three
days and freeze-dried (AAPPTec, USA) to obtain the
dried powder of the aqueous extract. The extract
was kept at 20°C until further use.

Animal treatment

STZ (45 mg/kg; ip.) was injected into the
rats based on body weight (0.1mL/100 g b.w.) on
day 1 except for one group (normal, non-induced
group) which were injected (i.p.) with 0.1M citrate
buffer (pH 4.5). After 5 days, blood from the fasting
rat was taken from the tail vein to measure the
blood glucose level. Rats with fasting blood glucose
level of >8.1mmol/L were considered diabetic
(Oyedemi et al., 2012) and were divided randomly
into 6 groups (6 rats per group): normal non-STZ-
induced, normal STZ-induced, positive control, and
three groups for treatment (100, 200, and 400
mg/kg of MPMTE). Rats were given normal saline
orally (control group and control non-induced
group), metformin (100 mg/kg, positive control),
and MPMTE for the next 14 days.

The glucose level of the fasting rats was
measured weekly. At the end of the study, the rats
were anesthetized with pentobarbital, and blood
was drawn using cardiac puncture to collect data
on fasting blood glucose level, insulin level, and
lipid profile. The liver, kidney, stomach, and
pancreas were excised for histological
examinations.

Measurement of glucose level

Rats fasted overnight and blood from the tail
vein was drawn to estimate for fasting blood
glucose using a glucometer (from Accu-Chek). The
blood glucose level was measured on days 0, 7, and
14 after treatment.

Measurement of lipid profile

The serum was separated by centrifugation
at 4000rpm for 15 min. Triglycerides, cholesterol,
LDL, and HDL were measured using an automated
clinical chemistry analyzer (I-Lab 300 plus,
U.K) by adopting procedures described in the
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biochemical kits (Instrumentation Laboratory,
Milano Italy).

Measurement of Inflammatory Biomarkers,
Insulin and C-peptide

Levels of Interleukin-6 (IL-6), insulin-like
growth factor 1 (IGF-1), Tumor Necrosis
Factor-a (TNF-a), insulin, and c-peptide were
measured in rat serum by sandwich ELISA
(Elabscience, China) according to the instructions
of the manufacturer.

Histological Analysis

The pancreas, lung, kidney, and liver from
the respective treatment groups were harvested
and fixed in 10% neutral buffered formalin for 72
hours. The tissues were then processed for
hematoxylin & eosin (H&E) staining. All prepared
slides were observed and analyzed double-blind by
a trained pathologist under a light microscope
(Leica, Germany).

Statistical Analysis

All the data were expressed as mean + SEM
(n=6). Statistical differences between the
treatments and the controls were tested by two-
way analysis of variance (ANOVA) followed by
Duncan post hoc test of intergroup comparison. A
difference in the mean values of p<0.05 was
considered statistically significant.

RESULTS AND DISCUSSION
Effect of MPMTE on Glucose Level

The initial reading of glucose levels taken on
day 1, on hyperglycemic rats for the untreated
group, treatment groups of MPMTE (100, 200 and
400mg/kg; p.o.) and metformin were higher
(9.9+0.4, 9.6+0.3, 9.6+0.1, 9.6+ 0.1 and 9.5 * 0.1
mmol/L, respectively) compared to the
normoglycemic rats (5.2+0.4 mmol/L). At days 7
and 14, hyperglycemic rats treated with MPMTE
(200 and 400 mg/kg) and metformin
demonstrated a significant (p < 0.05) decline in
fasting glucose levels compared to the untreated
hyperglycemic rats (Figure 1). The oral capacity of
MPMTE to decrease the elevated blood sugar to a
normal level is an essential trigger for the liver to
revert to its normal homeostasis during
experimental diabetes. This may be due to the
presence of bioactive compounds such as
polyphenols and stigmasterol in the extract that
can regulate glucose metabolism (Aganotovic-
Kustrinetal, 2017,2018).
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Figure 1 Effect of MPMTE on glucose level (mmol/L). Glucose levels of normal rats and STZ-induced diabetic
rats were measured per week. The values are mean + SEM (n=6/group).
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Figure 2 Effect of MPMTE on (a) cholesterol, (b) triglycerides, (c) HDL, and (d) LDL levels. The lipid profile
of normal rats and STZ-induced diabetic rats were measured at the end of the study. The values are mean
* SEM (n=6/ group). *vs normal control; #vs untreated diabetes (p < 0.05, One Way ANOVA followed by

post hoc Duncan test).

The possible mechanism for hypoglycemic action
by MPMTE in diabetic rats may be through the
improvement of the glycemic control mechanism
and insulin secretion from remnant pancreatic beta
cells or regenerated beta cells in the diabetic rats
(Gandhi and Sasikumar, 2012; Punitha and
Manohara, 2006).
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Effect of Various Doses of MPMTE on Lipid
Profile

Hyperglycemic rats treated with MPMTE
(200 and 400 mg/kg) and metformin
demonstrated a significant decrease (p < 0.05) in
cholesterol and triglyceride levels compared to the
untreated hyperglycemic rats (Figure 2a and 2b).
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However, no significant difference in HDL levels
was observed in all treated hyperglycemic rats
compared to the untreated hyperglycemic rats
(Figure 2c). Hyperglycemic rats that were given
MPMTE (100, 200, and 400 mg/kg) and metformin
showed a significant decrease (p < 0.05) in LDL
levels compared to normoglycemic rats (Figure
2d). Administration of STZ caused lipid
abnormalities, due to insulin resistance and
hyperglycemia (Samatha et al,, 2012). Treatment
with MPMTE produced a significant decrease in
triglycerides, total cholesterol, and LDL cholesterol
levels in diabetic rats. However, MPMTE was not
able to improve the HDL level. Some studies
demonstrated treatment with insulin did not
restore the HDL concentrations to normal
(Hollenbek et al., 1986). In diabetes, HDL decreases
due to the non-enzymatic glycosylation of HDL that
accelerates its catabolism where glycated HDL
clearance is accelerated from the circulation
(Witztum et al, 1982). However, in our study,
diabetic rats did not show any increment in HDL
level as compared to control. Hence,
supplementation of MPMTE neither elevates nor
normalizes the HDL level although there was an
excellent glycemic control observed. This
remarkable glycemic control may be contributed
by polyphenols and plant sterols in the extract that
could improve the lipid profile and regulate glucose
metabolism. Furthermore, studies have shown that
these compounds, which were isolated from the
tuber of M. platytyrea, alter lipid metabolism (Dai et
al., 2015; Feng et al., 2018).

Effects of MPMTE on Inflammatory Biomarkers,
Insulin, and C-peptide

All treated rats (100, 200, and 400 mg/kg of
MPMTE; p.o.) and positive control (100 mg/kg
metformin; p.o.) showed significant differences in
IGF-1 levels, in comparison to the normoglycemic
rats. The highestlevel of IGF-1 was observed in rats
treated with 400 mg/kg of MPMTE
(125.1+43.6pg/mL), compared to untreated
hyperglycemic rats (52.5+9.6pg/mL) (Figure 3a).
An increment in insulin levels was observed in all
the treatment groups of MPMTE and metformin
compared to untreated hyperglycemic rats (Figure
3b). Significant reduction (p<0.05) in TNF-a and IL-
6 levels were observed in all the treatment groups
of MPMTE and metformin compared to the
untreated hyperglycemic rats (Figure 4a and 4b).
MPMTE (400 mg/kg; p.o.) and metformin were able
to significantly increase (p<0.05) the C-peptide
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levels compared to those in untreated
hyperglycemic rats (Figure 3c).

Our results also indicated MPMTE was able
to increase IGF-1, insulin, and C-peptide levels
while reducing the production of pro-inflammatory
cytokines, TNF-a, and IL-6 in hyperglycemic rats.
Both insulin and IGF-1 are important in the
regulation of (-cell growth and function
(Kulkarni, 2005). Thus, therapeutic improvement
of insulin and IGF-1 signaling in B cells might
protect against T2DM (Ueki et al., 2006). Glucose
involves as a regulatory molecule for inducing 3-
cells to stimulate the secretion of insulin and IGF-1.
It is known that this glucose-dependent IGF-1
activation system enhances the glycolytic pathway
for cell proliferation (Hugl et al.,, 1998). Thus, the
increase of both IGF-1 and insulin levels proved
that MPMTE was able to regenerate f-cells and
enhance insulin and IGF-1 secretion. C-peptide is
secreted from pancreatic B-cells at an equimolar
ratio to insulin and exhibits endogenous insulin
secretion more accurately than insulin (Saisho,
2016). Therefore, C-peptide is used as a marker of
-cell function. The improvement of C-peptide
levels in MPMTE-treated hyperglycemic rats
suggested that MPMTE managed to improve {3-cell
function, which enhanced insulin secretion and
increased glucose uptake into muscle, liver, and
adipose tissue.

The first factor at the crossroads of
inflammation and metabolic disease was TNF-a
and excess production of TNF-a in tissue is due to
insulin resistance (Wellen and Hotamisligil, 2005).
Expressions of IL-1B, IL-6, and TNF-a were
reported in diabetic rats and the increased
production of IL-6 and IFN-yby STZ-induced
diabetic rats was identified as autoimmune
diabetes (Ehses et al.,, 2009; Ishihara and Hirano,
2002). Hence, the reduction of TNF-a and IL-6 in
the MPMTE-treated hyperglycemic rats indicated
that MPMTE may be a potent agent against
diabetes-related inflammatory injury via inhibition
of inflammatory cytokine production. MPMTE
managed to ameliorate insulin resistance and
impede pro-inflammatory cytokines due to the
presence of bioactive compounds such as
polyphenols, plant sterols, and iridoid lactone in
the tuber extract (Aganotovic-Kustrin et al., 2017,
2018; Mohamad Haris et al, 2016). These
compounds isolated from the tubers of M.
platytyrea have been reported to have potent anti-
inflammatory properties (Viljoen, Mncwangi &
Vermaak, 2012).
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Effect of MPMTE on Pancreas, Kidney, and Liver
Histological evaluation was conducted on
the pancreas (Fig. 4), kidney (Fig. 5), and liver (Fig.
6). The analysis revealed that STZ caused extensive
damage in pancreatic 3-cells, such as a reduction in
islet cells’ numbers, cell necrosis, and death. The
exocrine tissue of the pancreas remained relatively
affected after the STZ treatment. Administration of
MPMTE to STZ-induced hyperglycemic rats
partially restored the pancreatic islets. This finding

Volume 32 Issue 3 (2021)

supports the increase in insulin, C-peptide, and IGF-
1 levels found in the serum of MPMTE-treated
diabetic rats. Insulin, C-peptide, and IGF-1 are
important in the regulation of £3-cell growth and
function. These restorative effects may be due to
the high contents of flavonoids, polyphenols, and
condensed tannins, which were involved in the
curative process of free radical-mediated diseases,
including diabetes and its complications
(Mohammad et al., 2016).
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Figure 4. Histopathological changes in the pancreas of normal and experimental rats. All the sections are in
H&E 40X. (a) Control rat pancreas. Normal pancreas with islet cell surrounded by acini (yellow arrow). (b)
Diabetic rat pancreas shows atrophic acini with fatty infiltration (yellow arrow). (c) Diabetic + 100 mg/kg
of MPMTE (mild expansion and absence of dilations) (yellow arrow). (d) Diabetic + 200 mg/kg of MPMTE
(moderate expansion of pancreatic islets) (yellow arrow). (e) Diabetic + 400 mg/kg of MPMTE (moderate
expansion of islet cells with few atrophic acini) (yellow arrow). (f) Diabetic + 100 mg/kg of Metformin
(atrophic acini with fatty infiltration (yellow arrow).

Figure 5 Histopathological changes in the kidney of normal and experimental rats. All the sections are in
H&E 40X. (a) Control rat (kidney shows normal glomeruli and tubules) (yellow arrow). (b) Diabetic rat
kidney. Glomeruli with mesangiocapillary proliferation (yellow arrow). (c) Diabetic rat + 100 mg/kg of
MPMTE. Glomeruli with mesangiocapillary proliferation (yellow arrow). (d) Diabetic rat + 200 mg/kg of
MPMTE (Tubules shows proteinuria and glomerular damage) (yellow arrow). (e) Diabetic + 400 mg/kg of
MPMTE (shows glomeruli and tubules without proteinuria and hemorrhage) (yellow arrow). (f) Diabetic +

100 mg/kg of Metformin (shows glomeruli and tubules without proteinuria and hemorrhage) (yellow
arrow).
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Figure 6 Histopathological changes in the liver of normal and experimental rats. All the sections are in H&E
40X. (a) Control rat Liver shows portal triad surrounded by hepatocytes (yellow arrow). (b) Diabetic rat
(showing the periportal fatty infiltration) (yellow arrow). (c) Diabetic rat + 100 mg/kg of MPMTE (showing
the periportal fatty infiltration) (yellow arrow). (d) Diabetic rat + 200 mg/kg of MPMTE (showing the
periportal fatty infiltration) (yellow arrow). (e) Diabetic rat + 400 mg/kg of MPMTE (portal track showing
normal features) (yellow arrow). (f) Diabetic + 100 mg/kg of Metformin (portal track showing normal

features) (yellow arrow).

Observation on MPMTE-treated rats
(400mg/kg; p.o.) showed glomeruli and tubules
without proteinuria and hemorrhage, suggesting
that MPMTE is renoprotective against STZ action.
STZ causes diabetic nephropathy, thickening of the
glomerular basement membrane, and mesangial
expansion, contributing to progressive damage in
the glomerular filtration barrier (Alomari et al,
2020; Chen et al, 2017). One of the main diabetic
effects is associated with hyperglycemia that is
responsible for proximal and distal tubular palsy in
the cortex. Secondly, there are individual reaction
factors, which are associated with inflammatory
processes (Hu et al,, 2018; Oyedemi et al., 2011).
Diuresis is a common characteristic associated with
diabetes which may be due to structural changes
observed on the glomerulus (Vallon and Komers,
2011). Interestingly, the liver of diabetic rats
treated with 400 mg/kg of MPMTE had a portal
track showing normal features even though STZ
caused microvascular vacuolization, focal fat
necrosis, and inflammation (Afrin et al, 2015).
Hence, this finding indicates that MPMTE could
have a hepatoprotective effect against STZ-induced
liver damage. This hepatoprotective effect may be
due to the presence of polyphenols, stigmasterol,
and iridoid compounds that have been proven to
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protect organs from tissue injury (Nema, Agarwal
& Kashaw, 2011; Viljoen, Mncwangi & Vermaak,
2012).

CONCLUSION

MPMTE was potent in reducing blood
glucose, total cholesterol, triglycerides, and LDL
levels in STZ-induced diabetic rats compared to
normoglycemic rats. MPMTE was able to inhibit
inflammation, i.e. reduced TNF-a in STZ-induced
rats while improving insulin and IGF-1 levels,
which is related to the regulation of f-cells.
Furthermore, MPMTE showed a protective effect
against STZ-induced organ damage. Thus, MPMTE
exhibited great potential for further development
in the nutraceutical industries for adjunct
treatment of diabetes. Future development of
MPMTE should be properly instigated to produce a
potential antidiabetic agent as an adjunct therapy
in the management of diabetes to improve the
quality of life of diabetic patients.
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