
Antidiabetic activity of heart wood 
of Pterocarpus marsupium 

Short review

Type 2 diabetes mellitus is a chronic 
condition and its management involves 
treatment with pharmacological drugs 
for a long period of time. Other than 
the synthetic drugs available, indigenous 
medicinal options have recently gained 
attention. Pterocarpus marsupium is one 
such traditional medicinal plant with 
multiple pharmacological activities.1,2

It belongs to the group called rasayana 
in ayurvedic system of medicine. Rasayana 
drugs are immunomodulators and possess 
stress relieving capabilities in the body. In 
ayurveda, aqueous extract of heartwood 
of P. marsupium has been utilized in 
treatment of diabetes.3 This medicinal 
plant acts by multiple mechanisms 
to reduce blood glucose levels and 
to alleviate diabetic complications  
(Figure 1).2 

A plethora of studies have been 
conducted indicating the antihyper-
glycemic efficacy of aqueous extract of 
P.marsupium heartwood. In a study4 by 
Vangalapati et al, it was found that the 
levels of blood glucose were significantly 
lowered in the groups treated with 
P.marsupium heartwood aqueous extract 
and glibenclamide, in comparison to the 
control group, indicating that the plant 
extract is as efficacious as the commonly 
used synthetic drug in achieving 
antidiabetic effects. Another study5 by 
Mishra et al demonstrated that the crude 
powder, ethanolic extract and aqueous, 
chloroform, hexane and n-butanol 
soluble fractions of ethanolic extract of 
heart wood of P.marsupium were capable 
of making marked improvement in oral 
glucose tolerance post sucrose load in 
experimental models. It was concluded 
from this study that the phenolic-C-
glycosides present in P.marsupium 
heartwood are the phytoconstituents that 
bring about the antihyperglycemic effects. 
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Source: Perera HKI. Antidiabetic Effects of Pterocarpus marsupium (Gammalu). EJMP 2016;13(4): 1-14.

Thus, heartwood of P.marsupium has 
well-established therapeutic benefits and 
can be a potential treatment option for 
diabetes management.
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Whenever a cure for a disease is sought, 
it is preferable that along with good 
therapeutic effects, there occur minimal 
adverse effects. Similar approach 
in diabetes management has led to 
increased research on plant extracts and 
herbal molecules.1 Amongst the plants 
being researched; Gymnema sylvestre is 
commonly used in indigenous systems of 
medicine for diabetes management. This 
plant has a 2000 year old long-standing 
history of use in Indian Ayurveda and 
Homeopathic medicine.2

The active ingredients of G.sylvestre 
responsible for the antidiabetic effects 
are triterpenoid saponins, also known 
as gymnemic acids.3 It is believed that 
these active constituents delay the 
glucose absorption in blood, promote 
regeneration of pancreatic beta cells, 
increase insulin secretion, increase 
utilization of glucose by increasing the 
enzyme activities in insulin-dependent 
pathways, increase phosphorylase activity 
and decrease the gluconeogenic enzyme 
and sorbitol dehydrogenase activity. In 

Diabetes cardiomyopathy (DCM) has 
been demonstrated to have numerous 
pathways of pathogenesis and progression, 
including diabetic oxidative stress, 
cardiomyocyte apoptosis, endoplasmic 
reticulum stress, myocardial insulin 
resistance, endothelial dysfunction, 
mitochondrial  dysfunction,  and 
autophagy. Amongst all these processes, 
oxidative stress is considered to be an 
important mechanism of induction of 
DCM. The harmful effects of reactive 
oxygen species, lead to transformation 
of the diabetic heart, followed by its 
dysfunction. The antioxidant effects of 
natural products on amelioration of DCM 
are being researched currently, with some 
promising results.1

Curcumin, a natural compound, 
is an active agent of the polyphenolic 
curcuminoids derived from the root 
of turmeric (Curcuma longa). It is a 
tautomeric compound that exists as enolic 
form in organic solvents and as keto form 
in water. Clinical studies have shown 
that curcumin possesses the capability 
to lower blood glucose, improve insulin 
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resistance and improve dyslipidemia in 
patients with diabetes. In addition, it also 
has a number of beneficial effects that 
can attenuate inflammatory activation, 
oxidative stress, and apoptosis in diabetes 
and DCM through several signalling 
pathways.2

Analysis of effects of curcumin in 
regulation of cardiac apoptosis and 
autophagy revealed that curcumin 
protects against DCM by modulating 
the interaction between autophagic and 
apoptotic mechanisms. It was found that 
curcumin activated AMPK and JNK-1, 
which phosphorylated Bcl-2 and Bim and 
further disrupted their interactions with 
Beclin1, thus promoting autophagy and 
reducing apoptosis, respectively.3 Another 
study demonstrated that use of curcumin 
ameliorated myocardial dysfunction, 
cardiac fibrosis, accumulation of AGEs, 
oxidative stress, inflammation and 
apoptosis, along with restoration of 
inhibited phosphorylation of Akt and 
GSK-3beta.4

Thus, curcumin, a natural product 
supposed to be pharmacologically safe, 

Protective effects and molecular mechanisms of 
curcumin in diabetes and diabetic cardiomyopathy 

addition, gymnemic acids also cause 
inhibition of sodium-dependent glucose 
transporter.2

In a study4 done by Li et al, evaluation 
of the beneficial effects of gymnemic 
acid on insulin resistance due to beta cell 
dysfunction in an experimental model 
was done. It was found that gymnemic 
acid increased glucose uptake in insulin 
resistant cells, reduced fasting blood 
glucose and oral glucose tolerance. 

In addition, it also attenuated the 
endoplasmic reticulum stress thus 
regulating the insulin signal transduction 
proteins. Another study5 showed that 
leaves of G.sylvestre reduced blood 
glucose levels in type 2 diabetes patients 
by increasing the secretion of insulin. 
Furthermore, oral administration of an 
extract of G.sylvestre induced a rise in 
circulating insulin and C-peptide along 
with a significant reduction in blood 

glucose levels.6 Hence, extracts from the 
plant G.sylvestre have well-documented 
hypoglycemic actions by modulating beta 
cell dysfunction. 
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effective and with low side effects, can 
be a promising therapeutic option for 
prevention and treatment of diabetes and 
its cardiovascular complications.2
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Reviewing the compensation and decompensation 
of beta cell function in insulin resistance and the 
influence of chronic kidney disease   

Functional adaptation of beta cells maintains the blood glucose levels in insulin-resistant 
individuals and a dysfunction of beta 
cells results in clinical manifestations 
of frank diabetes. There is a poor 
understanding of pathophysiological 
mechanisms st imulating this 
compensation and decompensation 
and information regarding the 
impact of chronic kidney disease 
(CKD) on beta cell function is sparse. 
In patients with compensated insulin 
resistance, the stimulus-secretion 
coupling cascade enhances beta cells 
function at all stages, from the most 
proximal membrane depolarization to the intermediate increase in intracellular calcium 
concentration and the most distal granule fusion. During the early stages of disease 
progression, this intercellular coupling continues uninterruptedly. In the later stages, 
when hyperglycemia becomes more apprarent due to inadequate beta cell compensation, 
the intracellular coupling is further enhanced but intercellular coupling is disrupted, 
suggesting that the earliest event in progression to frank diabetes may be ineffective 
cell-to-cell signal transmission. CKD has a negative influence on beta cell function as 
it increases the levels of urea that lead to a reduction in glucose utilization by beta cells 
and depreciate insulin secretion. Further studies are needed to assess the influence of 
urea and other factors of CKD on intercellular coupling. 

Source: Stožer A, Hojs R, Dolenšek J. Beta Cell Functional Adaptation and Dysfunction in Insulin Resistance and 
the Role of Chronic Kidney Disease. Nephron. 2019 Jan 16:1-5. doi: 10.1159/000495665. [Epub ahead of print]

Exploring various functions of sirtuins in 
diabetes progession

A plethora of evidence suggests that histone deacetylases sirtuins can 
be pharmacologically activated so as to aid in diabetes management. 
An evaluation of different roles of sirtuins (SIRT1-SIRT7) in diabetes 
progression was done along 
with the description of their 
involvement in metabolic 
pathways of skeletal muscle, 
adipose tissue and liver. 
Regulation of the activity of 
key transcription factors and 
cofactors is done by nuclear 
sirtuins, SIRT1, SIRT 6 and 
SIRT 7, in almost all tissues 
with the cellular responses to energy demands. SIRT 3, SIRT 4 and SIRT 5, 
known as the mitochondrial sirtuins, modulate mitochondrial enzyme activity 
in response to fasting and calorie restriction. In addition, an association has 
been found to exist between genetic polymorphisms of SIRT1 and SIRT2 
and diabetes development. Another important aspect is that SIRT1, SIRT2, 
SIRT3, and SIRT6 positively regulate insulin resistance in majority of the 
cases. On the other hand, SIRT4 and SIRT7 are involved in inhibition of 
insulin secretion and oxidation of fatty acids. The aspect of identification of 
SIRT1 activators for diabetes has been generating increasing interests, such as 
metformin, resveratrol, and resveratrol derivatives. There is need for further 
trials to explore the effects of SIRTs modulators on diabetes progression. 

Source: Song J, Yang B, Jia X, Li M, Tan W, et al. Distinctive Roles of Sirtuins on Diabetes, Protective 
or Detrimental? Front Endocrinol (Lausanne). 2018;9:724. 

It is well-established that diabetes type 1 
as well as type 2, are caused by absolute or 
relative deficiency of beta cells of islets of 
Langerhans. Recently, vast attention has 
been diverted towards replenishment of 
the lost functional or absolute beta cell 
mass so as to alleviate some of the burden 
of the disease.1 

Endogenous pancreatic beta cell 
regeneration is a prospective approach 
for beta cell expansion or neogenesis for 
diabetes management.2 Various strategies 
have been developed to regenerate 
pancreatic beta cells endogenously. These 
include producing beta cells from:3

 • Embryonic Stem Cells (ESCs) - 
Embryonic Stem Cells (ESC) are 
immortal pluripotent cell lines 
that possess a unique capability to 
differentiate into somatic cell types 
of all 3 germ layers: endoderm, 
ectoderm, and mesoderm.3 Until 
recently,  the methods closely 
mimicking embryonic development of 
pancreas have led to the development 
of immature pancreatic endocrine 
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Pancreatic beta-cell regeneration as 
a possible therapy for diabetes

phenotypes. However, research is 
being conducted to generate more 
functional beta-like cells.4

 • Induced Pluripotent Stem Cells 
(IPSCs) – The beta-like cells 
that have been differentiated 
from human pluripotent 
stem cells provide a possible 
autologous cell replacement 
therapy for patients with 
diabetes, and have been under 
research via transplantation 
to various ectopic sites in 
experimental models.5

 • Adult Mesenchymal Stem Cells 
(MSCs) – They have been suggested 
as a stand-alone therapy as well as in 
combination with pancreatic islets 
transplantation, so as to augment 
their effect and to enhance their 
feasibility. The rationale for the use of 
MSCs is due to their multiple useful 
properties such as differentiation 
potential, immunomodulation, pro-
survival effect, and anti-inflammatory 
factor release.6

 • Reprogramming/ transdifferentiation 
of various non beta-cell types – It has 
already been demonstrated in studies 
that reprogramming of terminally 
differentiated cells to pluripotent 
stem cells by the forced expression 
of transcription factors is possible. 
Studies are underway to reprogram 
acinar cells or alpha cells to beta cells 

and also induction of replication of 
existing beta cells.3

Thus, the scientific advancements 
have opened a new vista for production 
of insulin secreting cells and further 
research may lead to a breakthrough 
solution to utilize stem cells as a source 
of beta cells to manage diabetes.
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A study was conducted with an aim to 
identify popular diabetes applications 
(apps) and to explore the association 
of use of diabetes app and other factors 
with overall self-care behaviour. A 5 
month web-based survey was done 
among the age group of 18 years and 
above. Respondents were recruited via 
diabetes groups on Facebook, online 
patient forums and targeted Facebook 
advertisements. Data was collected on 
respondent’s demographics, clinical 
and self-management characteristics, 
as well as on self-care behaviour and 
characteristics of the diabetes apps used. 
Measurement of self-care behaviour 

was done using a licensed version of the 
Summary of Diabetes Self-care Activities 
(SDSCA) questionnaire. Scores for 
general diet,” “specific diet,” “exercise,” 
“blood glucose testing,” “foot care” and 
“smoking” were summed up to calculate 
cumulative self-care scores. Examination 
of associations between app use and self-
care behaviour was done by applying two 
sample t-test and multiple regression 
on list of all the apps used by users for 
diabetes self-management, stratified by 
type of diabetes. Patients with type 1 
(n=1052) and type 2 (n=630) diabetes 
enrolled in the survey. Use of diabetes 
apps for self-management was done by 

52.2% of type 1 patients and 33.3% of 
type 2 patients. In both the groups, there 
was a significantly high cumulative self 
behaviour score among the diabetes app 
users as compared to non-app users. 
In addition, scores for blood glucose 
monitoring, general diet, and physical 

activity were also significantly higher 
amongst diabetes app users than the 
non-users. The diabetes app use led to an 
increase in cumulative self-care score by 
1.08 units in type 1 diabetics and by 1.18 
units in type 2 diabetics. Thus, the study 
findings clearly indicate that the use of 
diabetes apps for self-management aid 
in lifestyle modifications and glucose 
monitoring. 

Source: Kebede MM, Pischke CR. Popular Diabetes 
Apps and the Impact of Diabetes App Use on 
Self-Care Behaviour: A Survey Among the Digital 
Community of Persons With Diabetes on Social 
Media. Front Endocrinol (Lausanne). 2019 Mar 
1;10:135. doi: 10.3389/fendo.2019.00135. eCollection 
2019.W
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Curcumin: An ancient spice managing excess 
sugar levels  

A randomized, placebo-controlled, 
crossover study was conducted to 
assess the effects of curcumin and/or 
fish oil (single dose) on post prandial 
glycemic parameters in healthy 
individuals. The study participants 
(n=16) were randomly allocated to 
receive placebo, curcumin (180 mg) 
tablets, fish oil (1.2g long chain omega-3 polyunsaturated fatty acids) capsules 
and curcumin+fish oil before a standard meal on 4 test days; one day every 
week. Measurement of blood glucose, serum insulin and triglycerides was done 
at intervals between 0-120 minutes. It was found that groups administered with 
curcumin and curcumin+fish oil had significantly lower post prandial glucose 
concentrations, 60.6% and 51% at 60 minutes from baseline, respectively. Also, in 
comparison to placebo, there was reduction in blood glucose concentration with 
curcumin (36%) and curcumin+fish oil (30%) but not with fish oil alone. A 26% 
reduction in postprandial insulin was noted with curcumin as well as curcumin+fish 
oil therapy, as compared to placebo. Thus, it was concluded from the study that 
curcumin, but not fish oil, causes reduction in postprandial glycemic response and 
need for insulin for control of glucose levels. 

Source: Thota RN, Dias CB, Abbott KA, Acharya SH, Garg ML. Curcumin alleviates postprandial glycaemic 
response in healthy subjects: A cross-over, randomized controlled study. Scientific Reports 2018;8:13679.
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Pterocarpus marsupium: A natural antidote for 
diabetes

Effects of aqueous extract of Pterocarpus 
marsupium Roxb .  on  e le vated 
inflammatory cytokine, tumor necrosis 
factor (TNF)-α in type 2 diabetic 
experimental models were explored in a 
study. Administration of streptozotocin 
(90 mg/kg, i.p.) was done to induce type 
2 diabetes in experimental models. Oral 
administration of aqueous extract of 
P.marsupium was done for a period of 4 
weeks, following which, various parameters like fasting blood glucose, postprandial 
blood glucose, and  serum TNF-α were measured. Results demonstrated that 
aqueous extract of P.marsupium at doses of 100 and 200 mg/kg, lowered the fasting 
and postprandial blood glucose levels. At the higher dose (200 mg/kg), the effect on 
postprandial hyperglycemia was more pronounced. There was also improvement in 
the body weight. Cytokine TNF-α was found to be elevated in the untreated group 
due to chronic systemic inflammation. Moreover, the aqueous extract was able to 
lower the TNF-α levels at both the doses. Thus, potential anti-diabetic activity of 
P.marsupium can be depicted by modulation of cytokine TNF-α.

Source: Halagappa K, Girish HN, Srinivasan BP. The study of aqueous extract of Pterocarpus marsupium 
Roxb. on cytokine TNF-α in type 2 diabetic rats. Indian J Pharmacol. 2010;42(6):392-6.

There was a significantly high 
cumulative self behaviour score 
among the diabetes app users 
as compared to non-app users

Effects of use of self-care diabetes apps: Findings of a web based survey 


